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Chapter 1 

EXECUTIVE SUMMARY 

1.1 PURPOSE 
This Wastewater Collection and Treatment Facilities Integrated Master Plan has been 
prepared to serve as a planning document for facility planning for the City of Riverside 
(City) Regional Water Quality Control Plant (RWQCP) and collection system. The 
recommended plan is intended to enable the RWQCP to continue to reliably provide 
wastewater treatment to the City as the wastewater flow increases due to the projected 
population growth. This master plan addresses facility needs for projected influent flow 
through the year 2025.  

The purpose of this executive summary is to provide a concise overview of the key issues 
and alternative analyses of the facility planning for the Integrated Master Plan. 

1.2 EXISTING FACILTIES 
The City Sewerage System Division is responsible for collection and treatment of 
wastewater flows generated within the City and the communities of Jurupa, Rubidoux, 
Edgemont, and Highgrove. The City’s collection system consists of approximately 800 miles 
of gravity sewers ranging from 6 to 48 inches in diameter and 18 wastewater pump stations. 
The wastewater pump stations range in size from 100 gallons per minute (gpm) up to 
2,000 gpm. Treatment is provided at the RWQCP, which provides preliminary, primary, 
secondary, and tertiary treatment for a rated capacity of approximately 40 million gallons 
per day (average annual basis). 

1.3 GOALS AND OBJECTIVES 
The City seeks to develop an Integrated Master Plan for the wastewater collection and 
treatment facilities to identify and plan for expansion and replacement needs through the 
year 2025. The Integrated Master Plan evaluates most of the facilities that make up the 
wastewater collection and treatment facilities, in order to make recommendations to 
accommodate facility rehabilitation and replacement (R&R) and projected population 
growth. For facilities not specifically evaluated in this Master Plan, findings and 
recommendations of previous and ongoing plans and studies are evaluated and included. 
This combination of recommendations from new facility evaluations and previously made 
findings and recommendations from other plans provides the City with a Master Plan that is 
integrated into one document. Specific goals for the Integrated Master Plan include: 

1. Develop a capital improvement plan (CIP). 

2. Develop an asset management program that will provide capital R&R costs. 



3. Perform financial planning and establish user rates and connection fees. 

4. Develop an Environmental Impact Report from the proposed facilities. 

5. Identify, analyze, and recommend alternatives for various system processes. 

6. Create easily updateable Volumes and Chapters. 

7. Use the Master Plan Manager™ (MPM™) software so the City can modify the plan 
based on changes to the planning criteria (i.e., regulatory changes and flow projection 
changes). 

The sections that follow present first the outline of the Integrated Master Plan and then the 
major findings from the individual master plan volumes, excluding the Environmental Impact 
Report. 

1.4 INTEGRATED MASTER PLAN OUTLINE 
The Integrated Master Plan is organized into thirteen Volumes, as shown in Table ES.1.  

Table ES.1 Integrated Master Plan Volumes 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Volume 1: Executive Summary 

Volume 2: Basis of Planning 
Chapter 1: Introduction 

Chapter 2: Regulatory Requirements 

Chapter 3: Population and Flow Projections 

Chapter 4: Basis of Cost Estimates 

Volume 3: Wastewater Collection System 
Chapter 1: Review of 1992 Master Plan Update 

Volume 4: Wastewater Treatment System 
Chapter 1: Existing Facilities  

Chapter 2: Summary of Planning Studies 

Chapter 3: Process Design and Reliability Criteria 

Chapter 4: Plant Hydraulics 

Chapter 5: Preliminary Treatment 

Chapter 6: Primary Treatment 

Chapter 7: Secondary Treatment 

Chapter 8: Tertiary Treatment 

Chapter 9: Disinfection 
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Table ES.1 Integrated Master Plan Volumes 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Chapter 10: Recycle Stream Management 

Chapter 11: Plant Utilities and Support Facilities 

Chapter 12: Primary Effluent Equalization 

Chapter 13: Proposed Expansion Plan and Site Layout 

Chapter 14: Implementation Schedule and Cost 

Volume 5: Air Quality and Emissions Control 
Chapter 1: Review of the 2005 Odor Control Master Plan 

Chapter 2: Review of Applicable Regulatory Requirements 

Volume 6: SCADA Management and Communications System 
Chapter 1: SCADA Management Plan 

Volume 7: Reclamation and Reuse 
Chapter 1: Reclamation and Reuse 

Volume 8: Biosolids Management 
Chapter 1: Existing Facilities 

Chapter 2: Summary of Planning Studies 

Chapter 3: Design Criteria  

Chapter 4: Solids Production and Thickening Options 

Chapter 5: Solids Processing 

Chapter 6: Solids Dewatering 

Chapter 7: Solids Disposal 

Chapter 8: Implementation Schedule and Cost 

Volume 9: Energy Management 
Chapter 1: Existing Energy Facilities 

Chapter 2: Summary of Planning Studies 

Chapter 3: Existing and Future Energy Uses 

Chapter 4: Energy Saving Options 

Chapter 5: Power Supply Alternatives 

Chapter 6: Standby Power 

Chapter 7: Implementation Schedule and Cost 

Volume 10: CIP and Overall Implementation Schedule 
Chapter 1: Capital Costs and Implementation Schedule 

Chapter 2: Operations and Maintenance Cost Projections 
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Table ES.1 Integrated Master Plan Volumes 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Volume 11: Financial Plan and User Rates and Fees 
Chapter 1: Master Plan Manager™ 

Chapter 2: Financial Planning Tool™ 

Chapter 3: Master Plan Manager™ User Manual 

Volume 12: Asset Management 
Chapter 1: Strategic Vision 

Chapter 2: Condition Assessment 

Volume 13: Environmental Impact Report (EIR) 
Public Draft EIR 

Final Draft EIR 

Final Mitigation Monitoring and Reporting Program Report 

Final Response to Comments 

Final Statement of Overriding Consideration and Findings of Fact 

Notice of Determination 

1.5 VOLUME 2: BASIS OF PLANNING 
The purpose of the Basis of Planning volume is to document the basic criteria used in 
facility planning for the City’s Integrated Master Plan. In addition to an outline of the Master 
Plan volumes, three areas are addressed in this volume:  

1. Regulatory Requirements. 

2. Basis of Cost Estimates. 

3. Population and Flow Projections. 

For the Regulatory Requirements chapter, a brainstorming session was conducted at the 
beginning of the project. The purpose of this session was to identify specific regulatory 
requirements likely to arise over the next 10 to 20 years, and ascertain how these 
requirements would impact the Integrated Master Plan alternative analyses. Based on the 
brainstorming session, it was determined that most of the potential future regulatory 
requirements would be addressed by developing compliance strategies rather than new 
capital treatment facilities. There were also a few potential regulatory requirements that 
would require new or improved treatment processes in order to ensure regulatory 
compliance. These processes included membrane bioreactors, ultraviolet disinfection, 
ozone disinfection, and odor control for the primary clarifiers. These processes are included 
in evaluations in the appropriate chapters in Volume 4 - Wastewater Treatment System. 
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The Basis of Cost Estimates chapter established the procedures and guidelines for 
estimating operations and maintenance (O&M) and capital costs for the Integrated Master 
Plan. Tables ES.2 and ES.3 list the cost factors that were applied to the capital and 
life-cycle cost estimates. 

Table ES.2 Capital Cost Estimate Factors 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Category Factor 

Site Work 10% of direct costs 

Electrical and Instrumentation 15% of direct costs 

Contingency 30% of total direct costs 

General Conditions 10% 

Contractor OH&P 15% 

Escalation 6% (first 5 years), 4% thereafter 

Bid Market Allowance 15% 

Project Costs 30% of total Construction Cost 
 

Table ES.3 Life-Cycle Cost Estimate Factors 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Category Factor 

Escalation 6% (first 5 years), 4% thereafter 

Discount Rate 6% 

The Population and Flow Projections chapter developed the projected flow for the planning 
period. This is summarized in the following section. 

1.5.1 Projected Flow 

Based on information supplied by the City, the increase in the plant flow is anticipated to 
grow at a rate of 1.09 percent between 2006 and 2025. Because flow projection is not an 
exact science, a 90-percent confidence interval for the flow was developed. This is 
approximately equal to an annual flow increase range of between 0.75 percent (low growth 
scenario) and 1.5 percent (high growth scenario). It was decided in the August 2006 
monthly meeting that the 1.5 percent rate increase was to be used to project the year 2025 
flow. This resulted in a projected average daily flow (ADF) of 52.2 mgd. 

Subsequently, all the alternative analyses for the facilities were performed assuming they 
would need to meet the 52.2-mgd capacity. After the analyses were performed, the City 
noticed a slow down in the population/housing growth, and decided the low growth scenario 
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would be more appropriate for scheduling projects and determining user rates and 
connection fees. This decision was made at the August 2007 meeting. 

The alternative analyses of this Master Plan are based on a 2025 flow of 52.2 mgd. 
However, as a result of the August 2007 decision, the capital costs, O&M costs, CIP, and 
schedule for the projects have been revised to reflect the low growth scenario (2025 flow of 
47.3 mgd). 

The following peaking factors are used for the Master Plan: 

1. Peak wet weather: 2.2. 

2. Minimum dry weather: 0.5. 

3. Peak dry weather: 1.8. 

4. Tertiary peak: 1.5. 

Please see Figure ES.1 for the projected flow for the planning period. 

1.6 VOLUME 3: WASTEWATER COLLECTION SYSTEM 
The purpose of the Wastewater Collection System volume is to evaluate and summarize 
the collection system master plans (CSMPs) that were completed by Post, Buckley, 
Schuh & Jernigan, Inc. (PBS&J) between 2002 and 2006. The capital improvements and 
costs that were proposed in the CSMPs are updated in this volume to reflect completed 
projects, and future project costs are adjusted and scheduled out to 2025 based on detailed 
costs and schedules provided by the City.  

Overall the CSMPs are sufficient with a few recommended additional efforts the City should 
pursue. The main recommendation is to update the CSMPs by incorporating infiltration and 
inflow (I/I) into the collection system model and adjusting capital improvement projects 
accordingly. 

The CSMPs identified a total of 50 capital projects and the City identified an additional 
24 R&R projects for sections of the collection system that are more than 50 years old. Of 
the 50 capital projects identified from the CSMPs, the City has either started or allocated 
budgets for 12 of them; therefore, these projects are not included in the master plan CIP. 
The costs for the rest of these capital projects are spread over 10 years. The costs for the 
City’s 24 R&R projects are spread over 50 years. 
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FIGURE ES.1
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1.7 VOLUME 4: WASTEWATER TREATMENT SYSTEM 
The purpose of the Wastewater Treatment System volume is to identify the deficiencies in 
the existing treatment systems at the RWQCP and to recommend projects that would meet 
the year 2025 flow projections. The treatment areas evaluated are listed in Table ES.1 
under the heading Volume 4. As mentioned above, the alternative analyses were based on 
the high growth scenario, a resulting capacity need of 52.2 mgd. The following summarizes 
the major recommendations of each treatment area process chapter in Volume 4. 

1.7.1 Plant Hydraulics 

The purpose of the hydraulic analysis was to evaluate the ability of the existing RWQCP to 
convey flows up to the peak wet weather flow (PWWF) through the facilities and to identify 
any bottlenecks. No hydraulic bottlenecks were identified during hydraulic model runs using 
the existing facility ADF treatment capacity (40 mgd) and the existing ADF (33 mgd). 
However, four hydraulic bottlenecks were identified for the PWWF (88 mgd). Table ES.4 
lists the identified bottlenecks and the respective management strategy to correct the 
bottlenecks. 

Table ES.4 Hydraulic Bottlenecks and Management Strategies 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Hydraulic Bottlenecks Management Strategy 

Plant 2 (24-inch) control valves/meters at 
the headworks. 

Install an additional 24-inch control valve at the 
headworks. 

A 42-inch pipe connecting the Plant 2 
primary clarifiers splitter box and 
aeration basin influent splitter box. 

Upsizing the existing pipe to 54 inches. 

Plant 1A/1B Distribution Channel. Will be eliminated when the 2008 expansion 
project is constructed. 

A 54-inch pipe connecting Junction Box 
13A and Junction Box 14. 

Installing a new 48-inch pipeline between 
Distribution Box 3 and Junction Box 13A and 
modifying the boxes. 

1.7.2 Preliminary Treatment 
1. The existing headworks facility is re-rated at a capacity of 37 mgd on an ADF basis, 

based on the grit removal capacity of the grit chambers. The hydraulic capacity is 
approximately 46 mgd. Based on the grit removal capacity, an additional separate 
headworks facility is planned for an ADF of 15 mgd. 

2. Two mechanical bar screens (one duty and one standby) and one manual bypass bar 
screen are recommended for the new headworks. 
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3. Climber-type and chain-and-rake-type are two alternatives for the bar screens. They 
should be further evaluated during preliminary design. 

4. A shaftless screw conveyor is recommended over a belt conveyor for screenings 
conveyance. 

5. A sloped-bottom vortex grit basin is recommended over a flat-bottom grit basin 
because the accumulation of settled grit can be minimized, and also because the 
equipment can be bid instead of sole-sourced. 

6. The headworks will be covered for odor control and foul air will be continuously 
withdrawn and treated in a biofilter. 

1.7.3 Primary Treatment 
1. The existing Plant 2 primary clarifiers have a capacity of 20 mgd on an annual 

average (AA) flow basis. New primary clarifiers will have an AA flow capacity of 
32.2 mgd and replace the existing Plant 1A and Plant 1B primary clarifiers. The total 
Plant 1 and Plant 2 primary clarifier capacity will then be 52.2 mgd. 

2. Rectangular and circular alternatives were compared. The life-cycle costs for the two 
alternatives are similar. Circular primaries will be used, given that the costs are 
similar, circular clarifiers are easier to maintain, and circular units will fit on the site. 

3. The type of primary sludge pumps will be decided during preliminary design based on 
flow quantity and pumping head. 

4. Biofilters will be used for odor control for the primary clarifiers (new Plant 1 and 
existing Plant 2) and for the new headworks facilities. The primary clarifiers will be 
covered with low profile aluminum domes for odor control. The biofilter is estimated to 
be 150 feet by 200 feet. The biofilter will be located at the existing Plant 1A primary 
clarifiers. Therefore, it will be built after the new clarifiers are put in service and the 
Plant 1A clarifiers are demolished.  

1.7.4 Secondary Treatment 
1. The existing secondary treatment system was evaluated and the plant capacity is 

40 mgd AA. 

2. For future increases in capacity, Plant 1 will be expanded since some of the process 
units have aged and there is enough room for future units adjacent to Plant 1, 
whereas Plant 2 has limited room for future expansion. 

3. The ultimate expansion would increase Plant 1 capacity to 32.2 mgd AA and the total 
RWQCP treatment capacity to 52.2 mgd AA. 

4. Four options for expanding the RWQCP secondary treatment plant were considered: 
Conventional Activated Sludge (CAS), Conventional Activated Sludge-High SRT 
(CAS-SRT), Membrane Bioreactor (MBR), and Integrated Fixed Film Activated 
Sludge (IFAS). 
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5. CAS, CAS-SRT, MBR, and IFAS options can all achieve the required expanded 
capacity. The IFAS option presents more risks than the other alternatives due to the 
limited experience and number of installations using this technology.  

6. For meeting current effluent limits, CAS is the most cost-effective alternative, followed 
by IFAS, CAS-SRT, and MBR in that order. However, in order to meet future potential 
endocrine disrupting compound (EDC) chemical limits, a high SRT process is 
preferred. The two options that include a high SRT process and have many 
installations are the MBR and CAS-SRT options. Their life-cycle costs are nearly the 
same, within the uncertainty of the cost estimate. 

Based on the ability to achieve better effluent quality, the City chose the MBR alternative for 
the future expansion at a meeting on November 17, 2006. It was decided the MBR facility 
would be completed in two phases. The first phase will convert Plant 1 from a 20-mgd CAS 
facility to a 26-mgd MBR facility. The second phase will add the remaining 6-mgd capacity 
for a Plant 1 secondary capacity of 32.2 mgd, and a total RWQCP capacity of 52.2 mgd AA. 

1.7.5 Tertiary Treatment 
1. The volume of the existing tertiary influent equalization basins is 6.0 million gallons 

(MG). It is estimated that an additional equalization volume of 6.1 MG will be required 
based on the simulated Riverside wet-weather diurnal curves. The additional 
equalization basins can be built either as tertiary influent equalization basins or as 
primary effluent equalization basins. 

2. The existing filters are rated to have a capacity of 28.2 mgd on an ADF basis. If 
MBRs are used for secondary expansion, no tertiary facility expansion is needed. If 
MBRs are not used, an additional tertiary capacity of 24.0 mgd will be required to 
meet the 52.2-mgd ADF. 

3. Cloth-disk filters are recommended over conventional dual-media filters because of 
their lower life-cycle cost and ease of operation. 

There is no tertiary facility expansion required since MBR is selected as the secondary 
treatment method. 

1.7.6 Disinfection 
1. Existing NaOCl should continue to be used as the disinfection method unless future 

regulations require removal of pollutants that only advanced disinfection systems can 
provide. The total existing disinfection capacity is 44 mgd; therefore, an additional 
8 mgd would be required to increase the capacity to 52.2 mgd. 

2. Ozone or ozone plus UV should be considered for disinfection if removal of EDCs is 
required by future regulations. These alternatives have been developed as alternate 
treatment scenarios for the MPMTM. 
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3. UV alone will not be used as the disinfection method because it is incapable of 
removing EDCs.  

4. A tracer test should be performed for each existing chlorine contact basin (CCB) in 
order to determine the size requirement for the new basin. Depending on the results 
of the tracer tests, it is possible that a new CCB will not be required.  

1.7.7 Recycle Stream Management 

The following four recycle stream treatment alternatives were evaluated for treating recycle 
flows from the dewatering process: 

1. Equalization (EQ) Alternative. 

2. Single Reactor High-Activity Ammonia Removal Over Nitrite (SHARON) Alternative. 

3. SHARON combined with Anaerobic Ammonia Oxidation (ANAMMOX) Alternative. 

4. Centrate and Return Activated Sludge (RAS) Re-Aeration Basin (CaRRB) Alternative. 

After extensive evaluations of each alternative, none of the alternatives are economically 
feasible for use at the RWQCP. 

1.7.8 Plant Utilities and Support Facilities 
1. The utility water system, which includes the pump station and distribution piping, is 

not adequate. PBS&J has designed an upgrade to the distribution piping, and Lee 
and Ro is currently designing a new pump station, which will be located in CCB No. 2. 
Upsizing and looping of the distribution piping in the vicinity of CCB No. 2 will be 
necessary to accommodate the new pump station location. 

2. The communication system includes a phone system, plant radio system, and public 
address system. The public address system is old and should be upgraded. 

3. Based on Interim Voluntary Security Guidance for Wastewater/Stormwater Utilities, 
published by the Water Environment Federation, the site security level should be 
evaluated for access control, cyber security, monitoring for flammable/toxic 
substances, and backup power. 

4. The existing storm drain system drains to a pump station and is pumped to the 
Plant 1 aeration basins. In the future, an option to pump upstream of primaries will be 
added. 

5. A new maintenance building will be located south of the existing maintenance 
building. Additional parking space will be added east of the existing parking lot. 
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6. All new buildings over 5,000 square feet will be designed to meet the Leadership in 
Energy and Environmental Design (LEED) standard. 

7. Based on an analysis of the existing levee that protects the RWQCP from the river, it 
is possible that the levee will have to be raised. The City will have a hydrology study 
performed to determine if the levee needs to be raised. 

1.7.9 Primary Effluent Equalization 
1. Primary effluent equalization will be used to provide better control for downstream 

processes and a reduction in project costs for the MBRs. In addition, the reduction in 
project costs for the MBR facility is more than the project cost of providing primary 
effluent equalization. 

2. Two equalization basins with a total volume of 12.1 MG will be required based on the 
Riverside wet-weather diurnal curves. 

3. Hypalon liners will be used for the basin liner material because of its lower cost 
compared to concrete and better durability than polypropylene.  

4. Basin covers will not be used because of cost and cleaning issues. To minimize 
odors, the basins will need to be dewatered and cleaned daily. 

1.7.10 Proposed Expansion Plan and Site Layout 

Based on the evaluations performed in this volume, a revised RWQCP flow schematic and 
site layout have been developed for the ultimate expansion to 52.2 mgd on an AA basis 
(Figures ES.2 and ES.3). 

1.8 VOLUME 5: AIR QUALITY AND EMISSION CONTROL 
The purpose of this volume is to provide a review of the 2005 Odor Control Master Plan 
(2005 Report by Brown and Caldwell) and applicable regulatory requirements for the 
RWQCP. In general, the 2005 report provides the City with adequate guidance for 
addressing odor issues. Therefore, the report is generally sufficient for odor control 
planning at the RWQCP. 

1.9 VOLUME 6: SCADA MANAGEMENT AND 
COMMUNICATIONS SYSTEM 

The Supervisory Control and Data Acquisition (SCADA) Management Volume provides a 
review of the SCADA plan written by WaterHammer, Inc., of Upland, CA. Overall, the 
SCADA Plan covers the existing system and makes general recommendations for future 
support. The Plan provides good descriptions of existing hardware. It provides adequate 
analysis and recommendations in some areas.  

February 2008 1-12 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 01\CH01.doc 



NEW PLANT 1
PRIMARY INFLUENT

SPLITTER BOX

PLANT 1
PRIMARY SLUDGE

PUMP STATION

RIVERSIDE/HILLSIDE

JURUPA

RUBIDOUX

ARLANZA

ACORN

P/S 15

P/S 4
RAS P/S

RAS

WAS

WAS

PLANT 1
PRIMARY SLUDGE

BARSCREENS
&

VORTEX
GRIT REMOVAL

WASTE
 ACTIVATED

SLUDGE
THICKENERS

DISTRIBUTION
BOX

JUNCTION
BOX

DISTRIBUTION BOX

PLANT 1 & PLANT 2
PRIMARY SLUDGE

PRIMARY
SLUDGE

THICKENERS

AB 
SPLITTER 

BOX

FINE
SCREEN

AERATION BASIN MODIFICATIONS
(5 X 200 X 40 FT)

ANAEROBIC DIGESTERS
(2 X 90 FT. DIAMETER)

MODIFICATIONS 
FOR MBR

MBR EFFLUENT PUMP STATION

PLANT 1

PLANT 2

DIST.
BOX 1

DIST.
BOX 2

1

3

2

8

7

4

JUNCTION
BOX 9

JUNCTION
BOX 8

JUNCTION
BOX 10

JUNCTION
BOX 11

DISTRIBUTION
BOX 18

WASH WATER

DEWATERING
LIQUOR

SLUDGE DISPOSAL

RECLAIMED
WATER

EFFLUENT
METER

STRUCTURE

HIDDEN
VALLEY

WETLANDS

RIVER

CHLORINE
CONTACTOR

NO. 2

DEWATERING
BELT PRESSES/
CENTRIFUGES

FILTER PUMP
STATION

B/W

JUNCTION
BOX 16

CHLORINE
CONTACTOR

NO. 3

CHLORINE
CONTACTOR

NO. 1

FLOCCULATION

B/W

NEW CHLORINE
CONTACTOR

JUNCTION
BOX 17

JUNCTION
BOX 12

JUNCTION
BOX 13A

RAS P/S

FILTER
PUMP STATION

DISTRIBUTION
BOX 4

DISTRIBUTION
BOX 3

JUNCTION
BOX 13A

JUNCTION
BOX 14

1

2

3

4

COMBO
BOX B

1

2

3

4

2
0
-R

iv
e
rs

id
e
2

-0
8
V

o
lu

m
e
1
F

E
S

.2
-7

4
7
2
A

0
0
.c

d
r

X - Sampling Point No. X

- New Facilities

- Wet Weather Peak/Tertiary Peak Flow, MGD

- Sludge or Backwash Average Flow, MGD

XX

XX

- Backwash Stream

- Solid Stream Treatment

- Liquid Stream Treatment

Legend

ACID PHASE DIGESTER

1
PRIMARY EQ

PUMP STATION

PRIMARY EFFLUENT EQ BASINS

PRIMARY CLARIFIERS
(4 X 120 FT. DIAMETER)

PRIMARY CLARIFIERS
(4 X 95 FT. DIAMETER)

PEAK HOUR INFLUENT 114.8 MGD

AERATION BASINS
(6 X 250 X 40 FT. )

DUAL MEDIA
FILTRATION

SECONDARY CLARIFIERS
(2 X 100 FT. DIAMETER)
(2 X 130 FT. DIAMETER)

EQUALIZATION BASINS

WASTE POND

2

HEADWORKS

RWQCP FLOW SCHEMATIC

FIGURE ES.2

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

33.4

11.5

11.4

31.7

11.4

11.5

11.5

0
.5

18.5

18.5

18
.4

18
.4

18
.4

18
.4

18.5

18.5

73.6 51.1

185.5

5
0
.4

50.4

31.2

2
7
.8

27.8

2
4
.5

12.7

37.7
41.1

62.9

1
4
.0 0

3.4

0.2

2
4
.5

1
2
.7

78.3

53.8

2
.0

1
.8

1
.3

5
.3

1.2

0.1

0.4

0.3

3.32.9

1.2

1.8

0.5

1.1

0.7

0.180.8
0.3

0
.1

3

0.5

0.7

31.7

31.2

135.1

31.2

28.9

0

34

17

71

31.2

3.4

51.1

2
2
.5

0

1
3
4
.4

0.15

0.15

11.4

1
.5

1

1.1
4

74.1

4
0
.7

4
6
.0

 



4444

A
corn S

treet

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers
Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Additions

Plant 1 Membrane Bioreactor
New Chlorine Contact Basin

New Waste Activated Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion

Liquid Stream Treatment Facilities

Solids and Odor Control Facilities

Support Facilities

Existing Pipes

1

2

3

4

5

6

7

8

9

10

11

12

13 44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers
Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Additions

Plant 1 Membrane Bioreactor
New Chlorine Contact Basin

New Waste Activated Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion

Liquid Stream Treatment Facilities

Solids and Odor Control Facilities

Support Facilities

Existing Pipes

1

2

3

4

5

6

7

8

9

10

11

12

13

33

33

99

1313
1212

55

55

88

66

77

33

33

11

22

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers
Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Additions

Plant 1 Membrane Bioreactor
New Chlorine Contact Basin

New Waste Activated Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion

Liquid Stream Treatment Facilities

Solids and Odor Control Facilities

Support Facilities

Existing Pipes

1

2

3

4

5

6

7

8

9

10

11

12

13

33

33

99

1313
1212

55

55

88

66

77

33

33

11

22

1111

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers
Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Additions

Plant 1 Membrane Bioreactor
New Chlorine Contact Basin

New Waste Activated Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion

Liquid Stream Treatment Facilities

Solids and Odor Control Facilities

Support Facilities

Existing Pipes

1

2

3

4

5

6

7

8

9

10

11

12

13

33

33

99

1313
1212

55

55

88

66

77

33

33

11

22

1111

1010

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

1515

1414

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers
Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Additions

Plant 1 Membrane Bioreactor
New Chlorine Contact Basin

New Waste Activated Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion

Liquid Stream Treatment Facilities

Solids and Odor Control Facilities

Support Facilities

Existing Pipes

1

2

3

4

5

6

7

8

9

10

11

12

13

33

33

99

1313
1212

55

55

88

66

77

33

33

11

22

1111

1010

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

1515

1414

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers
Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Additions

Plant 1 Membrane Bioreactor
New Chlorine Contact Basin

New Waste Activated Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion

Liquid Stream Treatment Facilities

Solids and Odor Control Facilities

Support Facilities

Existing Pipes

1

2

3

4

5

6

7

8

9

10

11

12

13

33

33

99

1313
1212

55

55

88

66

77

33

33

11

22

1111

1010

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

1515

1414

Fine Screens

MBR Equipment

14

15

2
0

-R
iv

e
rs

id
e

2
-0

8
V

o
lu

m
e

1
F

1
E

S
.3

-7
4

7
2

A
0

0
.c

d
r

FIGURE ES.3

PROPOSED LAYOUT FOR
NEW FACILITIES



The main deficiency of the SCADA plan is that it is not integrated with other Master Plan 
documents and does not include planning recommendations or costs for future SCADA 
expansion to accommodate the RWQCP expansion. It was decided in the May monthly 
meeting to include $1 million (August 2006 dollars) in the CIP to allow for future SCADA 
upgrade projects, spread evenly over the planning period. The $1 million would make up for 
SCADA deficiencies that are not already being covered in the RWQCP treatment system 
projects. A list of priority enhancements that the City might want to consider to add to the 
existing SCADA Plan is also provided. 

1.10 VOLUME 7: RECLAMATION AND REUSE 
The purpose o
existing City of
Plan (Parsons
the planned re
that can be us
pump station is
be used to sup
station will incl d prevent 
wind-born trash from entering the basin. 

 area 

done 

 the 

ch 

iosolids Project as a 

ndations for the thickening and 
r Plan.  

ting 

f the Reclamation and Reuse volume is to review the information in the 
 Riverside Recycled Water Phase I Feasibility Study and Citywide Master 
, September 2003), present an update to the existing Master Plan regarding 
cycled water pump station, and develop costs for the planned pump station 
ed in the overall CIP for the Integrated Master Plan. A new recycled water 
 to be constructed at the discharge end of CCB No. 2. The pump station will 
ply the on-site and off-site demands for recycled water. The new pump 
ude a cover over CCB No. 2 to help reduce chlorine demand an

1.11 VOLUME 8: BIOSOLIDS TREATMENT AND HANDLING 
This volume addresses the expansion needs in the biosolids treatment and handling
and incorporates findings and recommendations from the 2003 Bio-Solids Handling 
Improvements report by Brown and Caldwell, along with alternative analyses results 
for this Integrated Master Plan. Since the City plans to continue with the dewatering 
implementation plans recommended from the 2003 Report, no analyses are done for
dewatering facility, but the findings of the 2003 Report are presented in the volume. 
Furthermore, for solids disposal, the City has decided to dispose its solids at the EnerTe
Environmental California, LLC in Rialto facility, based on an agreement with EnerTech 
Environmental California, LLC to participate in the Rialto Regional B
component of the City’s long-term biosolids management strategy.  

The following subsections summarize the recomme
digestion facilities for the Integrated Maste

1.11.1 Solids Thickening Options 
1. Based on the dissolved air flotation thickeners (DAFTs) design criteria and current 

operating conditions, the capacity of the DAFTs (without polymer addition) with both 
units in service was estimated to be 36.3 mgd on an ADF basis, which are opera
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near their rated capacity. With polymer addition, and both units in operation, the 
DAFTs would have a capacity of 48.4 mgd ADF. 

The City has chosen to provide separate thickening facilities for primary thickening and 
secondary thickening, using gravity belt thickeners (GBTs) for both types of solids. 

1.11.1.1 Solids Processing 
1. The City could reduce digestion construction to a minimum of one 90-foot digester 

and possibly not have to build any additional digestion during the Master Plan 

2. It is recommended that the City use Digester No. 3 for downstream digester sludge 

ter No. 5, instead.  

partment acid-phase digester 

The energy management volume evaluates the existing and future energy uses, power 
he RWQCP standby power system. The 

er demand is 2,456 kW and a peak demand of 3,096 kW. 

th scenario for the RWQCP are 
listed in 

Table ES ture Loads for RWQCP 
an 

City of Riverside 

planning period by using acid-phased anaerobic digestion (APAD) versus 
conventional anaerobic digestion. 

storage, as this would provide the City with 3 days of storage versus 2 days, if the 
City were to use Diges

The City has selected the APAD system with a new multi-com
for their digestion facilities.  

1.12 VOLUME 9: ENERGY MANAGEMENT 

saving options and power alternatives, as well as t
following summarizes the main recommendations of these areas. 

1.12.1 Existing and Future Energy Uses 
1. Historical data for electrical power demand and consumption at the RWQCP show 

that the average pow

2. The anticipated future loads based on the low grow
Table ES.5. 

.5  Anticipated Fu
Wastewater Collection and Treatment Facilities Integrated Master Pl

Treatment Facility Future Loads 

Headworks Additional 186 kW in year 2023 

Primary Clarifier, Primary EQ, MBR 
hickening 

crease to 
and Sludge T

Additional 1,955 kW in year 2013; in
3,047 kW in year 2025 

Acid Digester Additional 186 kW in year 2013 

Disinfection Additional 8 kW in year 2020 
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Table ES.5  Anticipated Future Loads for RWQCP 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Treatment Facility Future Loads 

UV/Ozone Possible addition of 583 kW in year 2020 

WAS Thickeners l 3 Additiona 4 kW in year 2027 

3. F h d te  be
increased plant loading and flow. Projections of fu r heating 5 
were made. emand based on the low growth 

water Collection and Treatment Facilities Integrated Master Plan 

uture eat uses will inclu e additional diges r heating required cause of 
ture digeste  through 202

The estimated 2025 digester heat d
scenario is as follows: 

Table ES.6  Estimated 2025 Digester Heat Demand 
Waste
City of Riverside 

Year 
Flow, 
mgd 

No Grease: 
Average Heat 

Demand, Btu/hr

No Grease: 
Peak Heat 

Demand, Btu/hr

Grease Addition: 
Average Heat 

Demand, Btu/hr 

Grease Addition: 
Peak Heat 

Demand, Btu/hr 

2025 47.3 4,421,000 6,896,000 5,221,000 7,896,000 

1.12.2 Selected Energy Management Projects 
1. Install a 1,000-kW digester gas-fueled fuel cell. This project is currently under 

 
 generator cogeneration systems, 

and retrofit the existing engine generators to become natural gas fueled standby 

e digester gas holder to assist with digester gas control. 

or the 

1.13 VOLUME 10: CIP AND OVERALL IMPLEMENTATION 
SCH

The purpose of this volume is to present the CIP for the RWQCP. This include
wastewater tre lant upgrades ( s t
capital improvement projects. Table ES em oje

construction.  

2. Add an additional digester gas-fueled 1,200-kW fuel cell cogeneration system prior to
2012 to replace the three existing 3,300-kW engine

generators. 

3. Install a low-pressur

4. Upgrade the existing RWQCP cogeneration, control, and electrical systems to 
provide standby power and distribution reliability. 

5. Retrofit the existing eddy-current drives with variable frequency drives (VFDs) f
three 250-hp filter influent pumps and two 100-hp waste backwash pumps. Replace 
the pump motors with premium efficiency motors.  

EDULE 
s the 

atment p low growth scenari
.7 is a summary o

o) as well a
f the improv

he collect
ent pr

ion system 
cts 
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recommend  for this integrated master plan and presents the implementation schedule of 
ell as the to

ed
the CIP, as w tal project costs in August 2006 dollars. 

Table ES.7 chedule for Treatment System Projects - Low Growth 
Scenario 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Implementation S

Date 
Project 

Total Project 
Cost(1) ($ Million)

Project 
Duration Start Completion

200 ject 

ary Expansion ($64M)

 

$185.0 5.5 Jan-08 Jul-13 8 Expansion Pro

Plant 1 Prim

MBR ($108 M)

APAD ($13M) 

1.2-MW Fuel Cell $13.2 4 Jan-08 Dec-11 

Low-Pressure Digester Gas Holder $1.2 3 Jan-08 Dec-10 

42-inch Pipe Upgrad
from Connecting Pla

e (54-inch dia. 
nt 2 Splitter Box 

to Aeration Basins 

$0.1 1.5 Jul-08 Dec-09 

Waste Gas Burner  $0.5 1.5 Jul-08 Dec-09 

24-inch Meter Control Valve $0.5 1.5 Jul-08 Dec-09 

New Boilers $3.0 1 Jan-14 Dec-14 

Biofilter Nos. 1 and 2 Media $2.1 1.5 Jul-14 Dec-15 

O&M Building $2.1 1.5 Jul-14 Dec-15 

Influent Metering Project $5.9 1.5 Jul-14 Dec-15 

Power System Projects $5.1 2 Jan-16 Dec-17 

New Chlorine Contact Basin  $4.0 3.5 Jul-16 Dec-20 

New Headworks $10.0 3.5 Jan-19 Jul-22 

Additional MBR Equipment $12.0 4 Aug-19 Jul-23 

Building-Headquarters for Sewer Line 
Maintenance 

$0.3 1.5 Jul-14 Dec-15 

WAS Thickening Facility $17.0 3.5 -26 Jul-23 Dec

SCADA System Upgrades No specific projects have been 
assigned at this time 

$1.0 

Total $263.00    

Notes: 
1) Costs are in August 2006 dollars. (

As mentioned earlier, only 38 of the 50 expansion projects identified from the CSMPs, 
along with the 24 projects identified by the City, are included in the City’s CIP. There are no 
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set schedules for the 62 collection system projects. The project costs are assumed to be
distributed evenly over a 10-year period from FY 2007/2008 through FY 2016/2017 for the 
CSMP derived projects (total of $37.7 million, August 2006 dollars), and over a 50-year 
period from FY 2007/2008 through FY 2055/2056 for th

 

e 24 projects identified by the City 

 
e 

egrated Master Plan is approximately $666 million. About 
44 percent of the $666 million CIP comes from the collection system. Figure ES.4 shows 

ts the MPMTM and the results of assessments made using the Financial 
Planning ToolTM. It presents the recommendations in regards to the user rates and 

p 
to 
o 

ill 
nd react to uncertainty. MPM™ results will allow the City 

to implement projects just in time, save their customers money, and continue to provide 
high quality, uninterrupted service.

(total of $418 million, August 2006 dollars). For the 24 projects identified by the City, only 
costs for up to FY 2024/2025 are included in the CIP. 

For the treatment systems, the total estimated capital costs in inflated dollars through 
FY 2024/2025 are approximately $373 million. For the collection system, the total estimated
capital costs in inflated dollars for the CSMP derived projects over the 10-year period ar
approximately $53 million, and the estimated costs for the 24 projects identified by the City 
through FY 2024/2025 are approximately $239 million. The total estimated CIP project 
costs in inflated dollars for the Int

the annual capital expenditures. 

1.14 VOLUME 11: FINANCIAL PLAN AND USER RATES AND 
FEES 

Volume 11 presen

connection fees. 

1.14.1 Master Plan ManagerTM 

The purpose of this chapter is to explain the overall functionality of the MPMTM and how the 
City can use it in the future to meet their needs. MPM™ allows the user to create and 
update numerous options for growth and regulatory assumptions that can be combined in a 
variety of ways to create many scenarios. The software provides immediate scenario 
results that can be compared and evaluated against one another. These analyses can hel
the City identify and understand planned trigger points for various projects, the impacts 
capacity and effluent quality from the different growth options, and the relative impacts t
the CIP in terms of cost and scheduling. All together, the City can understand potential 
future capacity bottlenecks, and potential failures to meet effluent quality requirements 
based on various growth options and selection of treatment processes. This information w
allow the City to plan for flexibility a
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1.14.2 Financial Planning ToolTM 

The purpose of this chapter is to present the results of an assessment of the rates charged 
to the treatment and collection system customers to determine if they are adequate to 
address current and future O&M and capital costs. The following summarizes the 
recommendations presented to the City in regards to the user rates and connections fees: 

1. Connection Fees - Implement the recommended methodology of calculating 
connection fees for commercial and industrial customers on an equivalent dwelling 
unit (EDU) basis and flow and load basis, respectively. It is recommended that the 
City increase the Residential Connection Fees from $2,684 to $3,472 per EDU. 
Based on this fee per EDU, Commercial and Industrial Connection Fees would be 
revised according to each category/users EDU contribution to the system. In 
subsequent years, it is recommended that the Connection Fees be increased based 
on construction cost inflation. 

2. User Rates - In order to meet future annual debt coverage requirements and financial 
obligations for O&M, it is recommended that the City increase the annual sewer user 
rate from $13.05 to $19.77 per EDU in FY 2008/09. It is also recommended that the 
City implement annual increases of between 5.5 and 17 percent in the subsequent 
4 years. This projection should be revised on a periodic basis, as the City updates its 
O&M and capital cost projections. 

1.15 VOLUME 12: ASSET MANAGEMENT 
The purpose of the asset management volume is to provide repair/replacement 
recommendations for the existing facilities for the overall CIP that is produced as a result of 
the work completed in the Integrated Master Plan. A prioritized list of R&R projects was 
developed based on the condition assessment and analyses of each asset’s condition, risk, 
vulnerability, remaining useful life, and associated costs. Accordingly, it was recommended 
that assets in poor condition (Condition 4 or 5) be assessed annually and a comprehensive 
assessment of all of the aboveground RWQCP assets be conducted every 3 to 5 years. 
Based on the information obtained in the condition assessment, 26 R&R projects with 
Condition 4 or 5 have been identified for inclusion in the City’s CIP. Most of the 26 projects 
will be bundled with the planned projects described in other volumes of the master plan. 

Besides identifying the list of R&R projects, the information collected has been input and 
populated in the Water/Wastewater Asset ManagerTM (WAMTM) software for City staff to 
access and update in the future. 
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Chapter 1 

INTRODUCTION 

1.1 PURPOSE 
The purpose of this Basis of Planning volume is to document the basic planning criteria 
used in facility planning for the City of Riverside (City) Integrated Master Plan. This volume 
should be periodically reviewed and updated as needed. Revisions may be required to 
reflect new operational modes, changes in influent flow quantities or characteristics, 
changes in discharge requirements that could impact the level of treatment, and/or new 
design philosophies. 

This Chapter 1 of the Basis of Planning Volume provides an introduction to the volume. It 
outlines the goals and objectives for the Integrated Master Plan and presents the 
organizational structure of the Master Plan Volumes. 

1.2 BACKGROUND 
The City Sewerage System Division is responsible for collection and treatment of 
wastewater flows generated within the City and the communities of Jurupa, Rubidoux, 
Edgemont, and Highgrove. The City’s collection system consists of over 800 miles of 
gravity sewers ranging from 6 to 48 inches in diameter and 18 wastewater pump stations. 
The wastewater pump stations range in size from 100 gallons per minute (gpm) up to 
2,000 gpm. Treatment is provided at the Regional Water Quality Control Plant (RWQCP), 
which provides preliminary, primary, secondary, and tertiary treatment for a rated capacity 
of approximately 40 million gallons per day (mgd). 

1.3 GOALS AND OBJECTIVES 
The City seeks to develop an Integrated Master Plan for the Wastewater Systems Facilities, 
including both treatment and collection system facilities, to identify and plan for expansion 
and replacement needs. The Integrated Master Plan will incorporate the findings and 
recommendations of previous and ongoing plans and studies. More specific goals for the 
Integrated Master Plan include: 

• Develop a wastewater system capital improvement plan (CIP). 

• Develop an asset management program that will provide capital rehabilitation and 
replacement schedules and costs. 

• Perform financial planning and establish rates to fund operations, maintenance, and 
the CIP. 

• Develop an Environmental Impact Report. 
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• Identify, analyze, and recommend alternatives for various wastewater treatment 
system processes. 

• Create easily updateable Volumes and Chapters within the Integrated Wastewater 
Master Plan. 

• Use the Master Plan Manager™ (MPM™) software so the City can modify the CIP, 
financial plan, and rates based on needed changes to the planning criteria (i.e., 
regulatory and influent flow projection changes). 

1.4 ORGANIZATIONAL STRUCTURE 
The Integrated Master Plan is organized into thirteen Volumes, as described in Table 1.1. 

Table 1.1 Integrated Master Plan Volumes 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Volume 1: Executive Summary 

Volume 2: Basis of Planning 

Chapter 1: Introduction 

Chapter 2: Regulatory Requirements 

Chapter 3: Population and Flow Projections 

Chapter 4: Basis of Cost Estimates 

Volume 3: Wastewater Collection System 

Chapter 1: Wastewater Collection System 

Volume 4: Wastewater Treatment System 

Chapter 1: Existing Facilities 

Chapter 2: Summary of Planning Studies 

Chapter 3: Process Design and Reliability Criteria 

Chapter 4: Plant Hydraulics 

Chapter 5: Preliminary Treatment 

Chapter 6: Primary Treatment 

Chapter 7: Secondary Treatment 

Chapter 8: Tertiary Treatment  

Chapter 9: Disinfection 

Chapter 10: Recycle Stream Management 

Chapter 11: Plant Utilities and Support Facilities 

Chapter 12: Primary Effluent Equalization 
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Table 1.1 Integrated Master Plan Volumes 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Chapter 13: Proposed Expansion Plan and Site Layout 

Chapter 14: Implementation Schedule and Cost 

Volume 5: Air Quality and Emissions Control 

Chapter 1: Review of the 2005 Odor Control Master Plan 

Chapter 2: Review Applicable Regulatory Requirements 

Volume 6: SCADA Management Plan 

Chapter 1: SCADA Management Plan 

Volume 7: Reclamation and Reuse 

Chapter 1: Reclamation and Reuse 

Volume 8: Solids Treatment and Handling 

Chapter 1: Existing Facilities 

Chapter 2: Summary of Planning Studies 

Chapter 3: Design Criteria  

Chapter 4: Solids Production and Thickening Options 

Chapter 5: Solids Processing 

Chapter 6: Solids Dewatering 

Chapter 7: Solids Disposal 

Chapter 8: Implementation Schedule and Cost 

Volume 9: Energy Management 

Chapter 1: Existing Energy Systems 

Chapter 2: Summary of Planning Studies 

Chapter 3: Existing and Future Energy Uses 

Chapter 4: Energy Saving Options 

Chapter 5: Power Supply Alternatives 

Chapter 6: Standby Power 

Chapter 7: Implementation Schedule and Cost 

Volume 10: Capital Improvement Plan and Overall Implementation Schedule 

Chapter 1: Capital Costs and Implementation Schedule 

Chapter 2: Operation and Maintenance Cost 
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Table 1.1 Integrated Master Plan Volumes 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Volume 11: Financial Plan and User Rates and Fees 

Chapter 1: Master Plan Manager™ 

Chapter 2: Financial Planning Tool 

Chapter 3: Master Plan Manager™ Help Menu 

Volume 12: Asset Management 

Chapter 1: Strategic Vision 

Chapter 2: Condition Assessment 

Volume 13: Environmental Impact Report (EIR) 

Public Draft EIR 

Final Draft EIR 

Final Mitigation Monitoring and Reporting Program Report 

Final Response to Comments 

Final Statement of Overriding Consideration and Findings of Fact 

Notice of Determination 
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Chapter 2 

REGULATORY REQUIREMENTS 

2.1 PURPOSE 
This City of Riverside (City) Integrated Master Plan will be used to guide the City's 
decisions regarding expansion and modernization of the wastewater collection and 
treatment facilities. In addition to estimating the additional treatment capacity required to 
service the needs of a growing population, the master plan attempts to anticipate the level 
of treatment required to comply with state and federal regulations now and in the future. 

Current regulations are identified in the City's existing permits. The purpose of this chapter 
is to assess how these permits are likely to change over the next 10 to 20 years, and how 
those changes will affect design, construction, operations, and maintenance decisions at 
the City’s Regional Water Quality Control Plant (RWQCP). The focus of this assessment is 
on regulations relating to the City’s National Pollutant Discharge Elimination System 
(NPDES) and air quality permits. 

2.2 CONCLUSION AND RECOMMENDATIONS 
The regulatory brainstorming sessions that were held identified the following issues as high 
priority regulatory concerns that would need to be addressed during the master planning 
period: 

• More restrictive residual chlorine limits may necessitate alternative disinfection 
strategies and/or continuously effective dechlorination controls. These limits may also 
require changes in operations and maintenance practices. 

• More restrictive limits on disinfection byproducts (including trihalomethanes, cyanide, 
and dechlorinating compounds) may necessitate alternative disinfection strategies 
and/or additional treatment to reduce the concentration of these byproducts in the 
final effluent. 

• New effluent limits for E. coli may necessitate alternative disinfection strategies. 

• New collection system, Sanitary Sewer Overflow (SSO); Capacity, Management, 
Operation, and Maintenance (CMOM); and stormwater requirements may impact 
wastewater collection and treatment capacity and maintenance programs. 

• Long-term trends in influent salinity may make it more difficult to comply with the 
existing Total Dissolved Solids (TDS) limitations specified in the NPDES permit. 

• Increasing regulatory concern over excess nutrient loading may result in more 
stringent effluent limits for nitrogen and phosphorous. Ammonia limits may also 
become more restrictive. 
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• Continued compliance with Whole Effluent Toxicity (WET) limits may be adversely 
affected by increasing use of treatment compounds such as alum and polymers. 

• More restrictive effluent limits for aluminum may necessitate revisions to the 
pretreatment program, changes to in-plant treatment strategies, adoption of advanced 
waste treatment alternatives and/or efforts to develop site-specific water quality 
criteria. 

• Additional odor control and emission measures may be necessary due to more 
stringent South Coast Air Quality Management District (SCAQMD) rules. 

• New electronic reporting requirements may necessitate upgrades to Supervisory 
Control and Data Acquisition (SCADA) systems and other database management 
tools. 

• More restrictive water quality standards for pesticides may necessitate additional 
advanced waste treatment. 

• More stringent limits on bacterial concentrations in stormwater may cause Municipal 
Separate Storm Sewer Systems (MS4s) agencies to intercept and divert dry-weather 
flows and first-flush storm flows to sanitary sewers for treatment. 

Participants in the brainstorming session concluded that many of the high priority issues 
could be dealt with most effectively by remaining actively engaged with the Regional Water 
Quality Control Board's (Regional Board) watershed-wide planning efforts. Participants also 
agreed that the City's ongoing efforts with other dischargers in the region were essential to 
ensure that new regulatory requirements reflect relevant local factors based on the best 
available scientific information. 

It was also clear that some regulatory issues may require new or improved treatment 
processes in order to ensure continued compliance. It was decided that the following 
treatment alternatives should be evaluated when developing the master plan: 

• Microfiltration/Membrane Bioreactors (MBR) - MBR would be evaluated because it 
can help the City address the regulatory issues of compliance with pathogens, toxicity 
testing and endocrine disruptors. 

• Ultraviolet (UV) disinfection - UV would be evaluated because it can help the City 
address the regulatory issues of compliance with disinfection byproducts, cyanide 
formation in the chlorine contact basin and TDS. 

• Ozone disinfection - Ozone would be evaluated because, in conjunction with MBR, it 
can help the City address the regulatory issues of compliance with endocrine 
disruptors and also addresses disinfection byproducts and cyanide formation in the 
chlorine contact basin. 

• Alum precipitation - All processes that add aluminum will be scrutinized because of 
the regulatory issue of compliance with an NPDES permit aluminum limit. 

February 2008 2-2 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 02\Ch02.doc 



• Continued use of wetlands treatment for effluent polishing - Continued wetlands 
treatment, at the existing level, will be addressed because it changes the chemical 
signature of the effluent, which addresses the regulatory issue of compliance with 
Total Inorganic Carbon (TOC) limits. 

• Odor control for primaries - Odor control would be evaluated because it can help the 
City address the regulatory issues of compliance with future SCAQMD regulations 
and address potential odor complaints from neighbors. 

2.3 BACKGROUND 
Environmental regulations are constantly evolving and, with limited exceptions, nearly 
always become more stringent, potentially requiring more advanced treatment to assure 
higher levels of water quality. Because these regulations are often discussed for several 
years prior to being incorporated into wastewater or air quality permits, it is possible to 
anticipate some future requirements. 

Carollo Engineers contracted with Risk Sciences, a firm specializing in water quality 
standards regulation, to conduct a "brainstorming session" with City staff. The purpose of 
this session was to identify specific requirements likely to arise over the next 10 to 20 years, 
and ascertain whether the probability of new discharge limitations was sufficiently high to 
merit inclusion in the master plan. 

Carollo Engineers and Risk Sciences prepared a summary table (Appendix A) describing 
more than two dozen areas in which state and federal regulators were presently 
considering significant changes to water quality standards and/or NPDES permitting. This 
table was used to stimulate discussion among the assembled experts. 

The brainstorming session was successful in establishing a consensus about which new 
regulatory requirements should be considered in development of the master plan. Results 
from the session were documented in a Conference Memorandum distributed to the 
participants on September 15, 2006 (Appendix B). 

2.4 DISINFECTION ISSUES 

2.4.1 More Restrictive Residual Chlorine Limits 

The State Water Resources Control Board is presently developing a new policy which is 
likely to result in significantly more restrictive effluent limits for residual chlorine. That policy, 
if adopted, would also eliminate existing provisions in the City's NPDES permit that allow 
infrequent, short-duration increases in residual chlorine concentration to occur without 
violating an effluent limitation. These "pulses" are an unavoidable result of normal 
maintenance activities and an inherent limitation in the water quality monitoring equipment 
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to continuously monitor and control chlorine residuals at the low levels required by their 
NPDES permit. 

The master plan will evaluate alternative disinfection processes (including UV and ozone) 
and hybrid processes that combine such alternatives with limited use of chlorine. In 
addition, as a regulatory strategy, the City will consider the utility of seeking a revised 
point-of-compliance for measuring residual chlorine concentrations near the end of the 
effluent channel before it merges with the Santa Ana River. 

2.4.2 Disinfection Byproducts 

More restrictive chlorine limitations may necessitate increased use of dechlorinating 
compounds. These compounds may interfere with normal reproduction and growth among 
standard organisms used to perform whole effluent toxicity tests. Therefore, the master plan 
will investigate alternative disinfection strategies that eliminates the need for dechlorination. 

Recent research indicates that cyanide concentrations may be increased as a result of the 
chlorination process. Therefore, it is important to ensure the City is collecting the data 
needed to properly assess this risk. In particular, more information is needed to 
characterize the concentration of free cyanide versus total cyanide before and after the 
chlorination process. 

2.4.3 Bacteria 

In 2007, it is likely that the Regional Board will adopt new water quality standards for E. coli 
to protect recreational uses in freshwater streams. No changes in treatment strategy are 
expected to be necessary to meet the new standard if it is added to the NPDES permit as 
an effluent limit. However, new Department of Health Services (DHS) regulations may 
require the City to meet Title 22 reuse disinfection requirements of a 450 Concentration X 
Time (CT) for both recycled water and discharges to the river. The master plan will, 
therefore, evaluate how best to achieve compliance with such a requirement. 

2.5 NUTRIENT CONTROL 
The Environmental Protection Agency (EPA) continues to develop and publish new 
guidance on establishing appropriate water quality standards for nutrients. If state 
authorities implement this guidance, it is possible that more stringent effluent limits for 
phosphorous and nitrogen will be enacted. However, it is unlikely that such requirements 
would be imposed in the near future. 

The Santa Ana River is not presently listed as impaired by excessive nutrient 
concentrations. The process of adopting new water quality standards, gathering data 
needed to add the River to the state 303(d) list of impaired water bodies, and developing a 
Total Maximum Daily Load (TMDL) with more restrictive waste load allocations will require 
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at least 10 years to complete. Final compliance with any projected waste load allocation 
would not be mandated for approximately 10 years beyond that. 

Therefore, this issue was deemed a "low priority" for the current planning horizon. However, 
it will be included in the master plan as a "minor factor" that may affect selection of other 
treatment alternatives. The master plan design criterion for effluent nitrogen will be 8.0 mg/L 
as total inorganic nitrogen. 

2.6 SALINITY CONTROL 
Long-term trends in supply quality and greater use of home water-softening units will 
continue to increase TDS concentrations in the final effluent. Therefore, it is important to 
avoid treatment processes that may further increase effluent salinity. In particular, the 
continued use of common disinfection chemicals must be reassessed to determine whether 
such a treatment strategy is sustainable over the long-term without violating the TDS 
limitations in the permit. This is especially true if the 450 CT requirement were applied to all 
discharges. The master plan will evaluate alternative disinfection strategies with respect to 
their impact on meeting salinity limitations. 

2.7 METALS CONTROL 

2.7.1 Aluminum 

Effluent discharged by the City consistently complies with all existing permit limitations for 
trace metals. However, permits recently adopted for Eastern Municipal Water District 
contain more restrictive effluent limits for aluminum that may be difficult to comply with if 
added to the City’s permit at some future date. The City believes the most appropriate 
strategy is to develop a site-specific water quality objective for aluminum. In addition, the 
possibility of more restrictive aluminum limits will be considered before recommending 
increased use of alum to control phosphorous or to improve flocculation. 

2.7.2 Other Trace Metals 

Elsewhere in the region and in the state, more restrictive effluent limits are being 
considered for mercury, selenium, arsenic, and other trace metals. None of these are 
deemed to be a high priority concern for the City. The City will continue to maintain its 
active monitoring program, especially the fish flesh assessment, to demonstrate the 
absence of mercury impairment in the Santa Ana River. 

2.8 TOXICITY CONTROL 
The City consistently passes the whole effluent toxicity tests that are performed on final 
effluent samples. Consequently, the current NPDES permit does not contain a WET limit. 
However, the State Water Resources Control Board is developing a new policy to govern 
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application of toxicity limits in NPDES permitting. It is likely that WET limits may be made a 
default requirement for Publicly Owned Treatment Works (POTWs). 

Therefore, the master plan will carefully consider how various treatment alternatives may 
adversely affect compliance with WET requirements. Specifically, higher salinity 
concentrations, as might result from increased use of common disinfection chemicals, is 
known to interfere with normal reproduction in the toxicity test. Similarly, chemicals used to 
enhance treatment efficiency and effectiveness (e.g., alum or polymers) may also cause 
inadvertent toxicity to standard test organisms. Unintended side-effects of various treatment 
alternatives will be considered when developing the master plan. 

In addition, more restrictive limitations on pesticide residuals are being imposed in this 
region (e.g., Newport Bay) and in other regions (e.g., San Francisco). Previous experience 
at other local dischargers (e.g., Inland Empire Utilities Agency (IEUA)) indicates that it may 
be necessary to enhance treatment performance to reduce pesticide concentrations in the 
final effluent in order to continue passing the whole effluent toxicity test consistently. To 
date, this has not been an issue at the City; however, the master plan will consider this as a 
"minor factor" when evaluating treatment alternatives for long-term compliance. 

2.9 CARBON CONTROL 
The City presently owns and operates a constructed wetlands in the Hidden Valley area. 
Originally developed to aid in nutrient removal, such wetlands may also be useful for 
reducing trace metals, complex organics, and providing a carbon matrix in the final effluent 
that is more similar to that found in natural streams. Due to the present regulatory 
environment, it is unlikely that the wetlands can be expanded at this time. However, the City 
plans to continue to use the existing wetlands as an effluent polishing treatment process. 

2.10 PERMIT REPORTING 
The State Board is committed to adopting an electronic compliance monitoring and 
reporting system. Field-testing of the new California Integrated Water Quality System 
(CIWQS) project is nearly complete and the Regional Board will require all dischargers to 
begin using the new system in the next year or so. 

Therefore, it is advisable to reevaluate the capability of the City's current SCADA and 
Laboratory Information Management Systems (LIMSs) to ensure that they are well 
integrated and able to support the new electronic reporting requirements. This will be a high 
priority consideration as the master plan is developed. 

2.11 AIR QUALITY COMPLIANCE 
It is anticipated that air quality regulations will become more stringent in the master plan 
timeframe. These regulations include new air dispersion modeling requirements, revised 
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risk assessments for toxic air contaminants, more stringent Best Available Control 
Technology (BACT) requirements, and more stringent diesel engine requirements. In 
addition, the master plan will address more stringent odor control requirements, including 
covering primary clarifiers. 

2.12 OTHER ISSUES 
A number of other issues were identified as likely to affect NPDES permit requirements in 
the distant future. These include adoption of sediment objectives, effluent limits on 
endocrine disrupters, and dry weather diversions from the MS4 system. However, in each 
instance, it was believed that more stringent limits were unlikely to be imposed for at least 
15 to 20 years. Therefore, the revised Master Plan will not address these concerns.
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 CONFERENCE MEMORANDUM 
 

Project: City of Riverside Integrated Master Plan Conf. Date: September 6, 2006 

Client: City of Riverside (City) Issue Date: September 15, 2006 

City of Riverside Office Location: 

Attendees: City of Riverside: 
Sandy Caldwell (SC) 
Rod Cruze (RC) 
Steve Schultz (SS) 

Risk Sciences: 
Tim Moore (TM) 

Carollo: 
Naray Anan 
Jeff Berlin 
Petros Dimitriou 
Doug Lanning (DJL) 
Susanna Li (SL) 
Coenraad Pretorius (CFP) 
Toby Weissert (TW) 

Regulatory Brainstorming Meeting Purpose: 

Distribution: Attendees, Mark Bartlett, Tracy Clinton, 
Shawn Dent, Robert Grantham, 
Tom Mossinger, Amily Zhang, 
Steve McDonald, Priscilla Bloomfield 

File: 7472A.00 

 
Discussion: 
The following is our understanding of the subject matter covered in this conference. If this differs with your understanding, 
please notify us. 

SUMMARY OF DECISIONS MADE 

The brainstorming session lead to two conclusions: 

1. Most of the future regulatory issues will need to be addressed by developing regulatory 
strategies. 

2. Some future regulatory issues will require treatment processes to meet them. It was decided 
that the following treatment processes would be used as alternative treatment scenarios in 
the master plan evaluations: 
A. Microfiltration/MBR. 
B. Equalization basins. 
C. UV disinfection. 
D. Ozone disinfection. 
E. Alum precipitators for alum control. 
F. Need cover for chlorine contact basin. 
G. Wetlands Polishing: Keep wetlands as treatment process. 
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H. Alternatives to handle biosolids. 
I. Late process aeration system. 
J. Odor control for primaries. 

ACTION ITEMS - CITY 

Item Actions 
Responsible 

Party Due Date 
9-06-01 Need to decide whether the dry weather runoff 

will be included in the Master Plan. 
SC 9/15/2006 

ACTION ITEMS - CAROLLO 

No actions required of Carollo. 

MEETING MINUTES 

1. Introductions: 
A. TW introduced everyone who attended the meeting and the individual’s responsibility for 

the brainstorming session. 
B. TW presented the purposes and goals of the meeting. He stated the following as the 

main goals: 
1) Purpose: 

a) To brainstorm potential future regulations. 
b) To decide on the likelihood of the particular regulation being implemented. 
c) To decide upon a method for handling that regulation (compliance strategy). The 

compliance strategy could be an advanced treatment process or a regulatory 
approach strategy. 

d) To decide upon a list of the compliance strategies that will be included as 
alternative treatment scenarios in the master plan. 

2) Goal: 
a) The ultimate goal is to develop a list of alternative treatment scenarios for the 

master plan. 

2. Expectations: 
A. TW stated that each of attendees has a specific focus area that the group is relying on to 

provide the expertise that would allow the group to meet the ultimate goal of developing 
the list of alternative treatment scenarios for the master plan. 

B. TW briefly described each of the person’s role: 
1) City Personnel: After participating in the discussions of regulations, to make the final 

decision about which regulations are likely to be implemented. After those decisions 
are made, to further participate in the discussions and make the final decision about 
which compliance strategies to include in the list of alternative treatment scenarios 
for the master plan. 

2) Carollo Personnel: Act as the main source of knowledge for the treatment processes 
that will comprise part of the compliance strategies. To provide suggestions on 
processes that will allow the future facilities to meet those anticipated new standards. 
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3) Tim Moore: Facilitate and participate in the discussion about likelihood and 
compliance strategies for each of the regulations, lend his experience of water 
quality regulatory issues and to facilitate decisions. 

3. Regulatory Brainstorming and Compliance Strategies: 
A. Regulatory issues were divided into three categories, high, medium and low priorities. 

The prioritize scheme was based on the potential changes in regulation in relation to the 
permit cycle. Issues that were listed as high priority are likely to happen during this 
permit cycle. Issues that were listed as medium priority are likely to happen in the next 
two permit cycles; while the low-priority issues would probably take place no sooner than 
two permit cycles. The following tables summarize the highlights of discussions and 
compliance strategies of each regulatory issue.  

Table 1 Summary of Discussions on Water Quality Regulatory Issues (High Priority) 

Regulatory Issue Discussions and Compliance Implications 
Chlorine Discussions: 

• Cannot consistently measure low levels of chlorine in the field 
accurately. 

• Use alternative analyzers such as ORP. 

Compliance Strategies: 
• Use an alternative permit strategy of adding a point of 

compliance for chlorine a long distance down the effluent 
channel. 

• Use an alternative disinfection process (hybrid chlorine and UV 
systems combined). 

Disinfection By-Products Discussions: 
• THMs are low priority. 

• Measuring free cyanide is a concern. 

• Review where sampling should take place. 

Compliance Strategies: 
• Add a point of compliance for cyanide a long distance down the 

effluent channel. 

• Site-specific objective for cyanide. 

• Post-aeration structure. 
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Table 1 Summary of Discussions on Water Quality Regulatory Issues (High Priority) 

Regulatory Issue Discussions and Compliance Implications 
Pathogens Discussions: 

• E. coli limits will likely be instituted and total + fecal coliform will 
be for performance basis in future. 

• Purely a regulatory strategy. 

• May need to meet 450 CT for both discharges and recycled 
water. 

Compliance Strategies: 
• Multiple Barriers: UV, ozone. 

• Use MBR to reduce particle size. 

Sanitary Sewers 
Overflows/CMOM 

Discussions: 
• One of the biggest problems for the City. 

• Master Plan is only addressing capacity issue. 

• Failure due to pump station problems. 

Compliance Strategies: 
• Better maintenance. 

Electronic DMR Reporting Discussions: 
• Will happen. 

• Potential SCADA issue with implementation. 

OCWD Water Rights 
Application 

Discussions: 
• Need to protect future right to reclaim. 

• City should expand reclaim/reuse. 

• Need City legal department involvement. 

Compliance Strategies: 
• Satellite treatment strategies-to keep OCWD at bay. 

Stormwater Program 
Coordination 
Implementation 

Discussions: 
• Will impact on staffing/information gathering and sharing. 

• Need to know what type of chemicals in the storm water. 
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Table 1 Summary of Discussions on Water Quality Regulatory Issues (High Priority) 

Regulatory Issue Discussions and Compliance Implications 
Watershed Monitoring 
Programs 

Discussions: 
• Will lead to the issues such as requiring high SRT treatment if 

mercury is an issue. 

• More restrictive nutrient limits might occur: TIN and 
phosphorous. 

Compliance Strategies: 
• Be present in regulatory process to make sure City defends 

status quo, as much as possible. 

 
Table 2 Summary of Discussions on Water Quality Regulatory Issues (Medium Priority) 

Regulatory Issue Discussions and Compliance Implications 
Total Organic Carbon Discussions: 

• Use wetlands to help change organic carbon signature of 
discharge. 

Dry Weather Runoff 
Treatment 

Discussions: 
• This is inevitable but will it occur in 5 to 10 or 10 to 15 years. 

• Will be a capacity issue. 

• Flood control board needs to look at how to control storm 
water. 

• Need a study to determine the storm flow quantity and quality - 
should this be part of the master plan? 

Compliance Strategies: 
• Separate treatment train just for storm water or treat in 

RWQCP processes. 

Pesticides Discussions: 
• Main concerns are organophosphates and Pyrethrins. 

• San Francisco Regional Board might want to switch to numeric 
limits on oganophosphates; might eventually get in our permits 
also. 

Compliance Strategies: 
• Use of High SRT and high MLSS concentrations. 

• Use big clarifiers. 

• Use MBR at high MLSS. 
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Table 2 Summary of Discussions on Water Quality Regulatory Issues (Medium Priority) 

Regulatory Issue Discussions and Compliance Implications 
Nutrients Discussions: 

• 10+ years timeline. 

• Phosphorus is the main concern; will be driven by new EPA 
guidance. 

Perchlorate Discussions: 
• Communities may force regulators to turn to zero tolerance. 

• Currently mainly wellhead treatment. 

Santa Ana Sucker Habitat Discussions: 
• Need to keep them out of the wetlands, will be difficult because 

hydraulics have changed. 

• Need to add fish screens/net to keep fish out. 

Revised Ammonia 
Standards 

Discussions: 
• Standard will go below 1 mg/L; currently at 5 mg/L. 

Compliance Strategies: 
• If nutrient levels are met, this will also be met. 

Capacity Requirements Discussions: 
• Nothing specific. 

Salinity  Discussions: 
• Potential issue if TDS rises. 

• If 450 CT is required/enforced, TDS will become an issue. 

• Need to conduct study to determine TDS/salinity level before 
and after chlorination to see if 450 CT will cause violation. 

• Chloride levels if >200 mg/L could cause toxicity test failures. 

Whole Effluent Toxicity 
(WET) 

Discussions: 
• Might have issues with treatment polymers and alums. 

• EPA implementation guidance for WET. 

Compliance Strategies: 
• Side stream treatment. 

Terrorism and Security 
Precautions 

Discussions: 
• Not an issue. 
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Table 3 Summary of Discussions on Water Quality Regulatory Issues (Low Priority) 

Regulatory Issue Discussions and Compliance Implications 
Endocrine Disruptors Discussions: 

• Most likely two permit cycles away. 

Compliance Strategies: 
• Ozone can be used to treat these constituents with 3 mg/L and 

60-minute contact time. 

• MBR is the likely choice for the City in the future because high 
SRTs will likely remove many endocrine disruptors. 

Metals Discussions: 
• Aluminum is hardness dependent and will be regulated more 

closely in the future. 

Compliance Strategies: 
• Regulatory strategies, i.e., site-specific objectives. 

Legacy Remediation Discussions: 
• TDS, nitrogen, and bacteria. 

Sediment Objectives Discussions: 
• Inevitable but beyond 10 years. 

• Most likely metals related (i.e., copper). 

TMDLs Discussions: 
Nothing specific. 

Low-Level Organics Discussions: 
Detection driven limits. 

Viruses and Protozoa Discussions: 
Technology driven limits. 

Oil and Grease Discussions: 
Nothing specific. 

Biosolids Disposal Discussions: 
Current plan is to work with Enertech. 
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Table 4 Summary of Discussions on Air Quality Regulatory Issues 

Regulatory Issue Discussions and Compliance Implications 
Odor Nuisance (High) Discussions: 

• Primary clarifier covers for Plant 1 may be needed. 

• City would like to evaluate the option of equalization basins 
after primaries. 

Major Source Status 
(High) 

Discussions: 
• RWQCP is a Title 5 plant. Need to look at numbers of 

continuous run time. 

• Air Dispersion 
Modeling (High) 

• Risk Assessment for 
Toxic Air 
Contaminants (High) 

• More Stringent BACT 
Requirements (High) 

• Diesel Emission 
(Likely) 

Discussions: 
• These items are currently required or inevitable in the near 

future. 

• There is technology to address these issues, however, it can 
be expensive. 

 Cap on CO2 Emission 
(Unlikely) 

4. Summary 
A. Regulatory strategies can be developed to handle most issues that were presented. 
B. Chlorine: Need to determine what are the alternative disinfectants. 

1) City would like to get rid of bringing chemicals on site, i.e., if continue with chlorine, 
City would like to generate on site or replace with UV or ozone. 

C. City needs to decide how to handle the extra capacity, which the dry weather runoff 
could bring to the plant. 
1) Currently this is not included in the Master Plan. 
2) Action: City will make decision by September 15 whether to include this in the 

Master Plan. 
D. Covering the new primaries for odor control purposes may be needed. 
E. Evaluate installation of MBR as a future treatment. 

5. Treatment Assessment: 
A. The group went over a list of possible treatment alternatives and discussed the priority of 

including these technologies as alternative treatment scenarios for the master plan. The 
following is a list of technologies that were discussed: 
1) With Low Planning Priority: 

a) Reverse osmosis. 
b) Ion exchange. 
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c) Biological nutrient removal. 
d) Activated carbon. 

2) With High Planning Priority: 
a) Microfiltration/MBR. 
b) Primary equalization basins. 
c) UV disinfection. 
d) Ozone disinfection. 
e) Alum precipitators for alum control. 
f) Chlorine contact basin covers. 
g) Wetlands Polishing: Keep wetlands as treatment process. 
h) Alternatives to handle biosolids disposal. 
i) Post disinfection aeration tank or other form of post aeration. 
j) Odor control for primaries. 

 
Prepared By: 
 
 
 
Susanna Li, P.E. 

 
SL:blm 
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Chapter 3 

POPULATION AND FLOW PROJECTIONS 

3.1 PURPOSE 
The purpose of this chapter is to present population projections developed by others and to 
use these population projections to help develop a projection of the influent wastewater flow 
quantities and characteristics through the year 2025 for the Riverside Regional Water 
Quality Control Plant (RWQCP). The flow quantities and characteristics projections will be 
used as a basis for the design criteria in the Integrated Master Plan. A separate set of flow 
projections for the collection system is presented in Volume 3, Chapter 1 - Wastewater 
Collection System. These flow projections are for the City of Riverside’s (City) collection 
system and reasonably agree with the RWQCP influent flow projections that are presented 
in this chapter. 

3.2 BACKGROUND 
The Riverside RWQCP is currently providing treatment and disposal of wastewater 
generated within the City and from the Jurupa, Rubidoux, and Edgemont Community 
Services Districts (CSDs). Treatment for wastewater will also be included for the community 
of Highgrove, beginning in 2008. 

The RWQCP wastewater flow quantities and characteristics assumed in the Integrated 
Master Plan are developed by examining and projecting historic population information and 
wastewater flows and characteristics. There are two growth scenarios for the flow 
projections, which are based on applying a 90-percent confidence interval to the projected 
RWQCP influent wastewater flows. The upper end of the 90-percent confidence interval is 
labeled the high-growth scenario and the lower end of the 90-percent confidence interval is 
labeled the low-growth scenario. At the beginning of the Integrated Master Plan process, 
the City decided that the high-growth scenario should be used as the design basis for all 
process alternative evaluations. However, after the process alternative evaluations were 
completed, during the rate setting process, it was determined that the slow down in the 
housing market would cause wastewater flows into the RWQCP to increase at a slower rate 
than was originally projected. Because of this slow down, the City decided that the 
low-growth scenario should be used for establishing the capital improvement plan (CIP), 
operation and maintenance (O&M) costs, and user rates and connection fees. 

3.3 HISTORIC AND CURRENT POPULATION 
Table 3.1 presents the historic population of Riverside from 2000 to 2006. The population of 
Riverside has increased at an average annual rate of 1.7 percent during the past 6 years, 
and it composed the majority of the population in the current RWQCP service area. The 
estimated year 2006 population for the CSDs is also shown in Table 3.1. 
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Table 3.1 Historic Population for Riverside, Edgemont, Rubidoux, and Jurupa 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Area 2000 2001 2002 2003 2004 2005 2006 
Riverside(1) 259,738 262,264 270,944 277,459 281,775 287,321 287,820 
Edgemont(2) - - - - - - 6,600 
Rubidoux(2) - - - - - - 26,000 
Jurupa(2) - - - - - - 72,000 
Notes: 
(1) From the City. 
(2) From CSDs. Data not available for 2000-2005. 

3.4 HISTORIC FLOW CHARACTERISTICS 
Figure 3.1 shows the assumed average daily influent flow and the 30-day running average 
influent flow at RWQCP for the past 6 years. It should be noted that due to the existing 
influent metering configuration there is concern that the RWQCP influent flow may not be 
measured accurately. For this reason, the effluent meter reading, adjusted for the amount 
of recycled water that is pumped offsite, is used as the assumed RWQCP influent flow, and 
the CSD meters are used as the assumed CSD influent flows for the flow projection 
analysis.  

The highest 30-day average flow was approximately 38 mgd in both February and 
March 2005. The overall average daily flow is 32.6 mgd. The flow for just the City 
(excluding Jurupa, Rubidoux, and Edgemont) is also presented in Table 3.2. This is 
calculated by subtracting the metered flows of the CSDs from the RWQCP flows.  

Table 3.2 Average Daily Flow and Flow per Capita for Riverside 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter 2000 2001 2002 2003 2004 2005 2006 Average
RWQCP Flow (mgd)(1) 31.7 31.9 31.8 32.6 32.9 34.0 33.5 - 
Edgemont Flow (mgd)(2) 0.7 0.6 0.6 0.6 0.6 0.6 0.6 - 
Jurupa Flow (mgd)(2) 3.3 3.3 3.2 3.2 3.2 3.7 3.5 - 
Rubidoux Flow (mgd)(2) 2.0 2.0 2.0 2.0 2.1 2.1 2.1 - 
Riverside Flow (mgd)(3) 25.7 26.0 25.9 26.7 27.0 27.6 27.4 - 
Flow per Capita 
(Gallon/d/capita)(4) 

99.1 98.9 95.5 96.2 95.7 95.9 95.1 96.6 

Notes: 
(1) Based on effluent flowmeter readings. 
(2) From CSDs. 
(3) Calculated by subtracting CSDs' flows from RWQCP flows before rounding. 
(4) Calculated by dividing the Riverside Average Daily Flow by Population (City of 

Riverside only). 
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FIGURE 3.1

DAILY INFLUENT FLOW AND
30-DAY RUNNING AVERAGE

FLOW AT RWQCP

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN
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Based on the historic population presented in Table 3.1, and the flow for the City during the 
same period, the flow per capita from 2000 to 2006 is shown in Table 3.2. The historic 
average flow is 96.6 gallons per capita per day. 

3.5 HISTORIC WASTEWATER QUALITY CHARACTERISTICS 
Figures 3.2 and 3.3 present the Biochemical Oxygen Demand (BOD) and Total Suspended 
Solids (TSS) for a daily average and a 30-day running average for the RWQCP influent for 
the past 6 years, respectively. Figure 3.4 shows the results of sampling for influent 
ammonia for the same period. There was an increase in influent BOD, TSS, and ammonia 
concentrations during the period. Based on the values presented in Table 3.3, a 
pronounced increase in influent BOD and TSS values occurred between 2003 and 2004. 
Although not as pronounced, a similar increase occurred in the influent ammonia. The two 
averages presented in Table 3.3 (one for the period 2000 to 2006 and one for the period 
2004 to 2006) demonstrate this difference.  

Table 3.3 Average Influent Water Quality Data at RWQCP 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Average 
Parameter 2000 2001 2002 2003 2004 2005 2006 7-Year(1) 3-Year(2)

BOD (mg/L) 217 210 226 234 259 237 257 234 250 

TSS (mg/L) 217 216 228 226 247 253 238 232 248 

Ammonia (mg-N/L) 24.7 27.7 29.6 29.1 32.0 30.1 30.1 29.0 30.8 

Notes: 
(1) Average from 2000 to 2006. 
(2) Average from 2004 to 2006. 

3.6 PROJECTED INFLUENT FLOW QUANTITIES 
Based on information supplied by the City, the population (City only) is projected to be 
353,397 in the year 2025. This is an annual average increase of approximately 
1.09 percent, between 2006 and 2025. Figure 3.5 presents the historic population and the 
population projection for the City of Riverside. A linear increase is applied to the projected 
population for the years between 2006 and 2025. These values are presented in Table 3.4. 
Based on the assumption that the future flow per capita will be the same as the historic 
average of 96.6 gallons per day per capita, the projected flows for the City of Riverside are 
calculated, as shown in Table 3.4.
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Table 3.4 Projected Populations and Average Daily Flows for Riverside 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter 2006 2010 2015 2020 2025 

Population(1) 287,820(3) 301,626 318,883 336,140 353,397(3) 

Flow(2) (mgd) 27.4 29.2 30.8 32.5 34.2 

Notes: 
(1) Linear increase for population projections. 
(2) Future flow per capita is assumed to be 96.6 gallons per day per capita. Annual flow 

increase equals 1.09 percent. 
(3) From the City. 

The maximum expected flows from Jurupa, Rubidoux, and Edgemont are expected to be 
6.9 mgd, 3.1 mgd, and 0.9 mgd, respectively, in 2025. The flows are derived by assuming 
that each CSD’s discharge will increase linearly so that they will discharge by 2025, to the 
limit of their existing purchased capacity. (This applies to all CSDs except Jurupa, who is 
expected to increase their purchased capacity from 4.0 mgd to 6.9 mgd.) Assuming a linear 
increase in flows between 2006 and 2025, the intermediate year flows for Jurupa, 
Rubidoux, and Edgemont are presented in Table 3.5. 

Table 3.5 Projected Flows for Jurupa, Rubidoux, Edgemont, and Highgrove (mgd)
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Area 2006 2010 2015 2020 2025 

Jurupa(1) 3.5 4.2 5.1 6.0 6.9 

Rubidoux(1) 2.1 2.3 2.5 2.8 3.1 

Edgemont(1) 0.6 0.6 0.7 0.8 0.9 

Highgrove(2) 0.0 1.6 3.0 3.7 4.4 

Notes: 
(1) Flows for 2006 and 2025 were supplied by the City for the CSDs. Intermediate flows are 

calculated based on a linear increase. 
(2) Flows for 2006, 2012, and 2025 are assumed to be 0.0, 2.6 and 4.4, respectively. 

These flows were supplied by the City. Intermediate flows are calculated based on a 
linear increase. 

The community of Highgrove is not currently sewered, but the flows of 2.6 mgd and 
4.4 mgd in the years 2012 and 2025, respectively, are expected, as the community 
connects to the collection system. Using a linear increase the projected flows in 5-year 
increments are calculated for Highgrove, as shown in Table 3.5. 
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FIGURE 3.2

DAILY AVERAGE INFLUENT 
BOD AND 30-DAY RUNNING 
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FIGURE 3.3

DAILY AVERAGE INFLUENT 
TSS AND 30-DAY RUNNING 
AVERAGE TSS AT RWQCP
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FIGURE 3.4

INFLUENT AMMONIA
AT RWQCP
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The projected flows for Riverside, the CSDs, Highgrove, and the total flow for the planning 
period, 2006 to 2025, are presented in Table 3.6. 

Table 3.6 Projected Average Daily Flows for RWQCP (mgd) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Area 2006 2010 2015 2020 2025 

Riverside(1) 27.4 29.2 30.8 32.5 34.2 

Jurupa  3.5 4.2 5.1 6.0 6.9 

Rubidoux 2.1 2.3 2.5 2.8 3.1 

Edgemont  0.6 0.6 0.7 0.8 0.9 

Highgrove 0.0 1.6 3.0 3.7 4.4 

Total Average Flow(1) 33.5 37.8 42.2 45.8 49.4 

Notes: 
(1) Annual increase equals 1.09 percent for City. 

Figure 3.6 shows the total projected average daily flows for the RWQCP. As stated 
previously, the annual flow increase percentage is approximately 1.09 percent. Based on 
the daily flows in the past 6 years, a 90-percent confidence interval for the flow in the year 
2025 was calculated. The calculation results in an approximate flow range of between 47.3 
and 52.2 mgd. These are labeled the high-growth and low-growth scenarios, respectively, 
in Figure 3.6. (A 90-percent confidence interval means that, based on the historical flow 
data, there is a 90-percent chance of the future flows falling within range of 47.3 to 
52.2 mgd in the year 2025.) The 90-percent confidence interval is equal to an annual flow 
increase range of between 0.75 and 1.5 percent. 

The City has no control over how fast the CSDs and the Highgrove area increase their 
flows into the RWQCP. And, based on recent activity, there is a concern that residential 
development may grow faster than is currently predicted. If these occur there is a good 
chance that RWQCP flows will tend toward the high-growth scenario. In addition, for a 
master planning process it is more prudent to plan based on conservative assumptions 
about future growth. For these reasons, the City chose to use the high-growth scenario 
(52.2 mgd and an annual growth rate of 1.5 percent) as the basis of the process alternative 
evaluations for the Integrated Master Plan. This decision was made at a meeting on 
August 31, 2006. Since that time, a slow down in the housing market has occurred, which 
caused the City to reevaluate the potential RWQCP influent flows for the master plan 
planning period. Based on the reevaluation, the City, at a meeting on September 20, 2007, 
decided that the lower end of the 90-percent confidence interval would be more appropriate 
as the basis for 2025 RWQCP flow projections. This results in an average daily flow of 
47.3 mgd, which corresponds to an annual growth rate of 0.75 percent (low-growth 
scenario). 
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FIGURE 3.6

TOTAL PROJECTED AVERAGE
DAILY FLOWS FOR RWQCP
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Because the process alternative evaluations were completed before September 20, 2007, 
the City, at a meeting on August 24, 2007, decided not to revise the process evaluations to 
reflect the change from the high-growth to the low-growth scenario, but instead to revise the 
CIP, O&M costs, user rates and connection fees assuming the low-growth scenario. 

Table 3.7 presents the projected flows for the Master Plan planning period, applying the 
following peaking factors to the average daily flow of 52.2 mgd: 

• Peak wet weather: 2.2. 

• Minimum dry weather: 0.5. 

• Peak dry weather: 1.8. 

• Tertiary peak: 1.5. 

Table 3.7 Projected Influent Average Daily Flows for RWQCP with Seasonal 
Variations 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter 2006 2010 2015 2020 2025 

Annual Average Daily Flow(1) 33.5 38.4 43.5 47.8 52.2 

Peak Wet Weather Flow 73.7 84.5 95.7 105.2 114.7 

Minimum Dry Weather Flow 16.8 19.2 21.7 23.9 26.1 

Peak Dry Weather Flow 60.3 69.1 78.3 86.1 93.9 

Tertiary Peak Flow 50.3 57.6 65.2 71.7 78.2 

Notes: 
(1) Annual increase equals 1.50 percent for City. 

3.7 TEMPORARY WASTEWATER TREATMENT FOR A PORTION 
OF THE CITY OF COLTON 

During the preparation of this Integrated Wastewater Master Plan, the City of Colton had 
requested and was negotiating with the City of Riverside to provide temporary wastewater 
treatment for a portion of Colton’s service area. The amount of wastewater to be treated will 
be 1,850,000 gallons per day at a maximum peak flow rate of 4.50 cubic feed per second 
(cfs). These flows were not included with the “Projected Influent Flow Quantities”. If in the 
future these flows are permanently directed into the City of Riverside’s wastewater 
collection and treatment facilities, the Integrated Wastewater Master Plan will need to be 
revised. 
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3.8 PROJECTED INFLUENT FLOW CHARACTERISTICS 
Influent water quality characteristics for the RWQCP, such as concentrations of BOD, TSS, 
and ammonia, are assumed to be the same until 2025. Because there seemed to be an 
increase between the year 2003 and 2004 in the influent BOD, TSS, and ammonia 
concentrations, the average as presented in Table 3.3 for the years 2004 through 2006 will 
be used for the Integrated Master Plan evaluations. These values are as follows: 

• Influent BOD: 250 mg/L. 

• Influent TSS: 248 mg/L. 

• Influent Ammonia: 30.8 mg/L. 

It should be noted that urban runoff flows are not included in the Master Plan projected flow 
quantities or characteristics. Due to the present regulatory environment, it is possible that 
the RWQCP would have to treat dry weather urban runoff in the future. If that occurs, the 
Integrated Master Plan would have to be updated to account for these flows. 
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Chapter 4 

BASIS OF COST ESTIMATES 

4.1 PURPOSE 
The purpose of this chapter is to summarize the procedures and guidelines for estimating 
Operations and Maintenance (O&M) and capital costs for the Integrated Master Plan. In 
addition, procedures for applying the O&M and capital costs in a life-cycle cost analysis to 
compare alternatives are summarized. 

4.2 BACKGROUND 
The Riverside Regional Water Quality Control Plant (RWQCP) Integrated Master Plan, 
when completed, will present a plan that will meet the expansion and replacement needs of 
the RWQCP’s facilities through 2025. In order to complete this plan, consistent 
assumptions and criteria for development of O&M and capital costs and life-cycle cost 
analyses are necessary. 

4.3 LEVEL OF ACCURACY 
The expected level of accuracy for the cost estimates for the Integrated Master Plan is 
Class 4, as classified by the Association for the Advancement of Cost Engineering 
International (AACEI, 1999). The expected accuracy range of a Class-4 estimate is within 
30 percent over the estimate to 15 percent under the estimate. In order to reduce the risk of 
the impact of underestimation, for capital costs, a contingency as described below is 
applied to the developed estimates. 

4.4 OPERATIONS AND MAINTENANCE COSTS 
O&M costs include the labor, supplies and utility costs for operations, preventive and 
corrective maintenance, inspections, and repair and replacement of parts. O&M costs are 
based on the information provided by the following: 

• Historical costs from recent Carollo Engineers (Carollo) projects. 

• Vendor supplied costs. 

• Costs supplied by RWQCP staff (i.e., power, labor, chemicals, and natural gas). 

• Calculations as necessary to supplement other sources. 

The cost estimates are generally based on applying the above information to flow diagrams 
for main process systems, plant schematic layouts, and equipment lists that will be 
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developed for the Integrated Master Plan. O&M costs are escalated for inflation as 
described in the capital cost section that follows. 

4.5 CAPITAL COSTS 
Capital costs consist of all the items that will be constructed/purchased for the projects that 
are being evaluated for the Integrated Master Plan. The direct cost of each equipment item 
or process area will be based on the following: 

• Vendor-quoted information. 

• Cost curves based on historical costs from other Carollo Projects or scale-up or 
scale-down of similar sized projects. 

• Scale-up of costs to account for inflation, using a base ENR value of 8,570 
(Los Angeles, August 2006). 

• Quantity take-off and unit prices when applicable information is necessary and 
available. 

For most projects, depending on applicability, general factors will be added to the direct 
costs derived from the information listed above. These factors include the following: 

• The costs of Site Work and Electrical and Instrumentation are estimated as 
percentages of the subtotal direct cost. Typical percentages are 10 percent and 
15 percent, respectively.  

• The contingency is an amount added to the construction cost estimate to provide for 
undefined project elements and to reduce the risk for underestimation. The 
contingency usually ranges from 0 to 30 percent. The contingency is estimated as 
30 percent of the total direct cost in the Integrated Master Plan. 

• The added amount for General Conditions include the costs of 
mobilization/demobilization, bonds and insurance, contractor temporary project 
facilities and supervisory personnel, testing, start-up, and other constraints. A 
General Conditions of 10 percent of the total direct cost plus contingency is added. 

• General Contractor Overhead and Profit refers to the general contractor’s home office 
overhead and profit. It is estimated to be 15 percent of the subtotal of the above 
costs. 

• The cost of the project at approximate midpoint of construction is predicted by 
escalating August 2006 costs. The escalation rate is assumed to be 6 percent for 
years 1 through 5 of the life-cycle period and 4 percent thereafter. 

• Sales Tax is estimated at 7.75 percent on materials, based on material cost equaling 
50 percent of the total direct cost and contingency. 
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• Bid Market Allowance is included in the total construction cost due to the volatile 
nature of the current bidding market throughout the United States and especially 
California. It is estimated to be 15 percent of the subtotal cost of all above items. 

• Engineering, Management, and Legal are also included to determine the total project 
cost. This covers Engineering, Planning, design and construction oversight costs, 
legal fees, as well as City administration expenses to oversee the project from 
planning through construction. For this project, a factor of 30 percent of the total 
construction cost is used, including all above items. 

4.6 LIFE-CYCLE COSTS 
In order to evaluate different alternatives for upgrading or replacement of the RWQCP 
facilities, life-cycle cost analyses will be performed to distinguish which alternative is the 
best from an economic standpoint. Life-cycle cost analyses determine the present worth of 
both capital costs and annual O&M costs for each alternative. Factors considered in the 
life-cycle costs include the escalation rate, cost of capital (discount rate), and the life-cycle 
period. These values are as follows: 

• Escalation rate of 6 percent for years 1 through 5 of the life-cycle period and 
4 percent thereafter. 

• Discount rate of 6 percent for computing present worth values. 

• Life-cycle period of 19 years from 2006 till the end of 2025. 
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Chapter 1 

WASTEWATER COLLECTION SYSTEM 

1.1 PURPOSE 
The purpose of the wastewater collection system volume is to summarize the collection 
system master plans (CSMPs) that were completed by PBS&J between 2002 and 2006. 
The capital improvements and costs that were proposed in the CSMPs are updated in this 
volume to reflect completed projects, and future project costs are adjusted and scheduled 
out to 2025 based on detailed costs and projects provided by the City. The projects and 
costs were not laid out like a typical master plan, but reconfigured by the City to calculate 
rate schedules. 

1.2 RECOMMENDATIONS 
The following recommendations should be considered by the City to further develop the 
CSMPs and associated capital improvement projects: 

• Update the CSMPs by incorporating infiltration and inflow (I/I) into the collection 
system model and adjusting the capital improvement projects accordingly. The five 
CSMPs and the I/I Study provide a basis for estimating collection system costs for the 
City of Riverside. However, most CSMPs need to be updated approximately every 
five years. The Spruce Basin CSMP is already five years old. The five CSMPs also 
did not explicitly include I/I flows in the analysis. Depending on the City’s actual 
rehabilitation and replacement (R&R) plan, I/I could get worse in the future if 
deterioration of existing sewers, especially sewers older than 50 years, is not kept in 
check. It is recommended that the collection system model be updated to include I/I 
and calibrated to the two significant rain events measured during the I/I study. Since 
quantifying I/I using the monitored wet weather data may increase the scope and cost 
of certain capital improvements, future capital improvements should be adjusted 
based on these results. 

• Further investigate I/I in specific areas that suffer from significant I/I. Although I/I does 
not appear to be significant throughout the system, specific areas that suffer from 
significant I/I should be further investigated. 

• Use the Sewer System Management Plan (SSMP) as the basis for future updates of 
current collection system studies. For the System Evaluation and Capacity Assurance 
Plan (SECAP), one component of the SSMP, the City will need to utilize the results of 
the I/I study and project flows based on a design storm (e.g., 10-year storm) to 
update projects in the Capital Improvement Plan (CIP). This further analysis should 
be completed within a schedule defined by the SSMP. Since I/I is not excessive 
throughout the collection system, it is unlikely that extensive changes to the CIP will 



be needed. However, the scope of certain projects could be extended, as well as the 
need for some additional projects.  

• Complete a more detailed analysis of the City’s pipe R&R needs and costs. The R&R 
estimates made for this Integrated MP are a good start at determining the need and 
cost of system-wide pipeline upgrades due to pipelines exceeding their useful life. 
However, the costs associated with these initial estimates are based on a fairly simple 
analysis and could be improved with a more detailed analysis of the City’s R&R 
needs. Details from the City’s inspection programs should be coupled with 
probabilistic methods to comprehensively determine the most cost effective plan for 
R&R. A comprehensive R&R plan could significantly reduce the estimated costs of 
the current plan. 

• Document the calibration results for the CSMPs. The CSMPs for the five basins 
mention that dry weather flow (DWF) calibration was completed. However, these 
documents do not include tables, statistics, or figures that illustrate the results of 
calibration. It is recommended that the results of the calibration of the DWFs be 
documented. 

• Update the collection system model and capital projects with new flow metering data. 
The City should consider remonitoring the flows in the Basins on a rotating schedule 
or on a permanent basis. This effort does not have to start immediately, but the flows 
monitored for Spruce Basin are already five years old. Coupled with the flow metering 
problems detailed later in this chapter, the City could use the new flow metering data 
to update the model, update the CIP, and refine future projects. Better flow 
information along with more accurate model results will provide increased confidence 
in determining the need for projects and can avoid significant capital costs that may 
not be necessary. 

1.3 BACKGROUND 
The City of Riverside (City) has an extensive collection system that was divided into five 
basins for the purpose of master planning. PBS&J completed collection system master 
plans for each basin. Figure 1.1 illustrates the wastewater collection system layout with the 
five basins color-coded and labeled. The basins, the date of report completion, and the 
appendix in which these reports are documented are summarized below: 

• Spruce Basin, June 2002, Appendix A. 

• Tequesquite Basin, December 2003, Appendix B. 

• Arlanza Basin, August 2006, Appendix C. 

• Phoenix Basin, August 2006, Appendix D. 

• Northside Basin, September 2006, Appendix E.

February 2008 1-2 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\CH01.doc 



FIGURE 1.1

WASTEWATER COLLECTION
SYSTEM LAYOUT

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

Arlanza

Basin

Phoenix

Basin

Tequesquite

Basin

Spruce

Basin

Northside

Basin

20-Riverside2-08 Volume 3-F1.8-7472A00.CDR



A separate Infiltration and Inflow (I/I) study was also completed by PBS&J for all five basins 
in the collection system in May 2005. This report is included in Appendix F. The results of 
the I/I study were not incorporated into the collection system master plans.  

The City is currently completing a Sewer System Management Plan (SSMP). Components 
of the SSMP that directly influence the collection system studies include the requirements 
for a System Evaluation and Capacity Assurance Plan (SECAP) and a Rehabilitation and 
Replacement (R&R) Plan. A SECAP is basically a master plan with a detailed CIP, and 
requires the incorporation of I/I into the analysis to size future pipe improvements. To 
update projects in the collection system CIP, the City will need to utilize the results of the I/I 
study and project flows based on a design storm (e.g., 10-year storm).  

1.4 FLOW MEASUREMENTS 
Monitoring existing flows provides a basis for examining existing discharges from 
residential, commercial, and industrial customers. Calibration of the collection system 
model also requires measured flows. Flow metering was conducted throughout each basin 
to provide hourly flow data and hourly rainfall data (during the I/I study). Metering methods 
and monitoring periods are discussed below.  

1.4.1 Metering Methods 

Measurement of sewer flows can be accomplished using several methods. Most treatment 
plants use Parshall flumes to measure influent and effluent flows. However, permanent 
flumes are not cost effective for temporary metering programs. Therefore, portable meters 
that measure depth and velocity measurements were used for the CSMPs. 

Downstream Services (DS) measured flows throughout the collection system as a 
subcontractor to PBS&J. They installed portable flow meters that measured depth (to 
compute flow area) and velocity. Flow rates are typically calculated by multiplying flow area 
by velocity. However, DS and PBS&J found inconsistencies in many of the velocity 
measurements and decided to calculate flows using Manning’s equation. Manning’s 
equation is an empirical equation that allows flow calculations based on pipe diameter, pipe 
slope, and measured depth of flow. Pipe slope was calculated using record drawings of 
pipes upstream and downstream of the meter locations, and a Manning’s n of 0.013 was 
assumed. 

While the use of Manning’s equation is standard practice for designing pipes, this equation 
can produce inaccurate estimates of flow based on measured depths because it assumes 
the flow regime is uniform. Uniform flow is usually not the case in actual sewers (e.g., a 
single depth can produce different flow rates because the velocities will be different if the 
flow is subcritical or supercritical). Estimating Manning’s n for an existing sewer is also a 
best guess and may not represent the specific friction losses due to field conditions. 
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However, when velocity measurements are in error, the only option (other than 
remonitoring) is to use Manning’s equation. For the purposes of dry weather flow (DWF) 
measurements, Manning’s equation probably provides acceptable estimates of flow 
assuming there were no obstructions near the sensors. During the winter monitoring 
periods, as described in the I/I study, the majority of the flow calculations did use velocity 
measurements. Therefore, the dry weather flows measured during the I/I study could be 
compared to identify if the DWF’s estimated using Manning’s equation are in error.  

1.4.2 Monitoring Periods 

Flow metering was generally conducted during dry periods to capture DWF and during the 
winter to capture I/I. DWF monitoring in all but the Spruce Basin was completed during a 
period with minimal base infiltration. In total, 31 meters measured DWF. This monitoring 
period ranged from two to three weeks per basin.  

The I/I monitoring period was conducted over an eight and one-half week period using nine 
meters. Each basin included one to three meters. Table 1.1 summarizes the flow monitoring 
periods and statistics. 

Table 1.1 Flow Monitoring Periods 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Statistics 
Arlanza 
Basin 

Phoenix 
Basin 

Northside
Basin 

Spruce 
Basin 

Tequesquite
Basin 

Dry Weather Flow Monitoring Period 

Number of Sites 8 5 3 10 5 

Weeks Monitored 2.5 3 2 2 2 

Dates 10/3/05 - 
10/20/05 

10/1/05 - 
10/19/05 

9/30/04 - 
10/13/04 

11/20/01 -
12/4/01 

7/29/03 - 
8/5/03 

Infiltration/Inflow (I/I) Monitoring Period 

Number of Sites 2 2 1 1 3 

Weeks Monitored 8.5 8.5 8.5 8.5 8.5 

Dates 01/7/05 - 
02/28/05 

01/7/05 - 
02/28/05 

01/7/05 - 
02/28/05 

01/7/05 - 
02/28/05 

01/7/05 - 
02/28/05 

1.5 LAND USE AND FLOW ESTIMATES 
This section describes the unit flows and peaking factors reported in the CSMPs. Existing 
and future land use, ADWF, DWF calibration, and I/I are also discussed. This section 
concludes with a comparison of CSMP flows to flows at the RWQCP. 
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1.5.1 Unit Flows and Peaking Factors 

Unit flows and peaking factors are typically used to estimate the flows from new 
development. The City publishes guidelines for estimating these flows entitled, “Criteria for 
Sewer Facility Design, City of Riverside Public Works Department, Engineering Diversion” 
(updated May 2004). Specific guidelines for estimating flows from residential, commercial, 
and industrial sources are summarized below: 

• Flow estimates based on land use from the City’s General Plan. 

• Per capita living unit should be taken from recent census (no less than 2.75 capita 
per unit). 

• Unit flows of 65 gallons per capita per day (gpcd). 

• Peaking factors (PF) taken from curve based on population or average dry weather 
flow (ADWF) (range from 1.5 to 3.0). 

• Industrial peak flow (PF): 0.012 cfs/acre. 

• Commercial PF: 0.010 cfs/acre. 

• Offices and Schools unit flows: 30 gpcd. 

• Laundromat: 580 gal/machine/day. 

These numbers were used in the CSMPs. These factors provide a starting point for 
estimating existing flows and comparing to measured flows. More discussion on DWF 
calibration is included in section 1.4.4. 

1.5.2 Existing and Future Land Use Characteristics 

The five CSMPs reported both existing and future land use based on General Plan 
estimates. Existing land use was represented by the year 2005 and future land use as 2020 
for the Arlanza, Phoenix, and Northside basins. The Spruce and Tequesquite basins were 
completed several years earlier, so the existing estimates came from 2001 and 2003 
respectively. The future land use for these two basins were projected to 2015 and 2018 
respectively. Table 1.2 summarizes the land use statistics by basin and year.  

Table 1.2 Basin Land Use 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Statistics Arlanza Phoenix Northside Spruce Tequesquite

Existing Land Use (Year) 2005 2005 2005 2001 2003 
Single-Family Residential 
(acres) 

7,220 4,500 700 1,136 6,744 

Multi-Family Residential 
(acres) 

880 76 72 189 241 
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Table 1.2 Basin Land Use 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Statistics Arlanza Phoenix Northside Spruce Tequesquite

Commercial (acres) 2,735 1,100 108 284 849 

Industrial (acres) 190 190 738 170 54 

University of CA, Riverside 
(acres) 

- - - 471 - 

Total (acres) 11,025 5,866 1,618 2,250 7,671 

Future Land Use (Year) 2020 2020 2020 2015 2018 
Single-Family Residential 
(acres) 

12,240 6,230 2,250 1,294 7,530 

Multi-Family Residential 
(acres) 

960 78 157 203 274 

Commercial (acres) 3,190 1,210 213 377 2,191 

Industrial (acres) 215 215 1,512 170 60 

University of CA, Riverside 
(acres) 

- - - 706 - 

Total (acres) 16,605 7,733 4,132 2,750 10,055 

Total Basin Area (acres) 20,650 11,000 6,000 2,500 13,000 

Notes: 
(1) All statistic above provided by the City based on CSMPs. 

According to the future total acreage, and the total basin acreages estimated from the 
CSMP study areas, the City has additional area to expand beyond the 2020 estimates, 
except in the Spruce Basin. Details on the Spruce Basin expansion can be found in 
Appendix A. Figure 1.2 illustrates a summary of the land use statistics by basin. 

1.5.3 Existing and Future Average Dry Weather Flows 

The total population in the service area is estimated to increase by approximately 
28 percent from 2005 to 2025. The total ADWF in the service area is estimated to increase 
from 32.8 mgd in 2005 to 49.5 mgd in 2020, approximately a 51 percent increase. These 
statistics indicate a significant increase in commercial and/or industrial growth in the service 
area. Table 1.2 illustrates a significant anticipated increase in commercial acreage in the 
future which accounts for this flow increase (industrial acreage is estimated to change little 
in future years).  
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Table 1.3 summarizes the population and flow statistics by basin and in total for the service 
area. The statistics listed in Table 1.3 are not included in the individual CSMPs. These 
numbers were provided to Carollo by the City and are based on the CSMPs. 

Table 1.3 Existing and Future ADWFs 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Statistics 
Arlanza
Basin 

Phoenix
Basin 

Northside
Basin 

Spruce 
Basin 

Tequesquite
Basin Total 

Existing Flows (Year 2005)(1) 
Population 103,620 51,590 9,680 46,380 64,899 276,169 
ADWF (mgd)(3) 9.7 12.8 1.1 2.5 6.7 32.8 
Calculated(4) average 
gallons per capita per 
day (gpcd) 

94 248 114 54 103 119 

PHF (mgd)(5) 18.4 24.4 1.6 6.7 12.5 63.6 
PHF/ADWF 1.9 1.9 1.9 1.9 1.9 1.9 
Future Flows (Year 2020)(1) 
Population(2) 128,696 64,075 12,023 68,000 80,604 353,398 
ADWF (mgd)(3) 12.5 18.4 3.8 3.4 11.4 49.5 
Calculated(4) average 
gallons per capita per 
day (gpcd) 

97 287 316 50 141 140 

PHF (mgd)(5) 23.6 35.1 3.1 6.4 21.6 89.8 
PHF/ADWF 1.9 1.9 1.9 1.9 1.9 1.8 

Notes: 
(1) Flows do not include estimates for Inflow/Infiltration (I/I). 
(2) Population projected to year 2025. 
(3) ADWF = Average Dry Weather Flow. 
(4) Calculated gpcd = ADWF (gallons)/population. 
(5) PHF = Peak Hour Flow. 
(6) All data provide by the City based on CSMPs. 

1.5.4 Dry Weather Flow Calibration 

Calibration of a collection system model to measured DWFs is necessary to provide 
confidence in model results. Typical steps in the DWF calibration process include: 

• Compile existing and future land use and population. 

• Estimate unit flow factors for each type of land use and match model generated 
DWFs on an hourly basis with measured DWFs for existing conditions. 

• Adjust unit flow factors by basin to account for variations in basin land use. 
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• Report statistics of calibrations to evaluate fit between measured and modeled flows 
(e.g., tables comparing peaks, averages, R2, and hourly graphs). 

• Project future DWFs based on calibrated unit flow factors. 

The CSMPs for the five basins mention that DWF calibration was completed. However, 
these documents do not include tables, statistics, or figures that illustrate the results of 
calibration. It is recommended that the results of the calibration of DWFs be documented. 

1.5.5 Infiltration and Inflow 

PBS&J completed an I/I study for the City in May 2005, separate from the CSMPs. The 
monitoring effort captured four storms, two of which were significant. Based on the two 
large storm events, the report found I/I to be significant in certain areas of the system. Refer 
to the I/I Study in Appendix F for details. Because this study was done after the first of the 
CSMPs, it was decided that the results would not be included in the basin CSMPs at this 
time. No modeling of the I/I was completed as part of the I/I study or the CSMPs.  

I/I tends to be average to above average throughout most of the system, while specific 
areas suffer from significant I/I and should be further investigated. The City has taken an 
initial step to account for I/I in these areas by qualitatively examining I/I through historic 
inspections. The City has adjusted potential capital improvements based on this qualitative 
analysis. However, the system has not been examined using a design storm approach 
(e.g., 5-year storm event). Therefore, it is recommended that the model be updated to 
include the I/I and calibrated to the two significant events measured during the I/I study. 
Future capital improvements can then be adjusted based on these results, especially since 
quantifying I/I using the monitored wet weather data may increase the scope and cost of 
certain capital improvements.  

1.5.6 Flow Comparison at RWQCP 

A flow comparison was completed between the flows estimated in the CSMPs and those 
estimated by Carollo at the Regional Water Quality Control Plant (RWQCP) (see Volume 2, 
Chapter 3 - Population and Flow Projections). The flows from the collection system should 
correlate well with the flows measured at the RWQCP. Because the analyses were 
completed independently, some differences are expected. Table 1.4 summarizes the 
comparison of flows for 2006 and Table 1.5 summarizes the comparison flows for 2020. 

Table 1.4 Comparison of CSMP Flows to RWQCP Flows - 2006 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Statistics RWQCP Total from CSMPs Percent Difference(3) 

ADWF (mgd) 
AADF (mgd) 

- 
33.5 

32.8 
- 

 
2%(1) 
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Table 1.4 Comparison of CSMP Flows to RWQCP Flows - 2006 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Statistics RWQCP Total from CSMPs Percent Difference(3) 
PDWF (mgd) 60.3 63.6 -5% 

DWF Peaking Factor 
(PDWF/ADWF) 

1.8 1.9 - 

Peak Wet Weather Flow 
(mgd)(2) 

73.7 - - 

WWF Peaking Factor 
(PWWF/ADWF) 

2.2 - - 

Notes: 
(1) Percent difference between AADF and ADWF. 
(2) Based on historical flow analysis (Carollo, Vol. 2, Ch. 3). 
(3) Percent Difference = (RWQCP - CSMP)/(RWQCP) flows. 
 
Table 1.5 Comparison of CSMP Flows to RWQCP Flows - 2020 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Statistics RWQCP Total from CSMPs Percent Difference(3) 

ADWF (mgd) 
AADF (mgd) 

- 
45.8 

49.5 
- 

 
-8%(1) 

PDWF (mgd) 86.1 89.8 -4% 

DWF Peaking Factor 
(PDWF/ADWF) 

1.8 1.8 - 

Peak Wet Weather 
Flow (mgd)(2) 

105.2 - - 

WWF Peaking Factor 
(PWWF/ADWF) 

2.2 - - 

Notes: 
(1) Percent difference between AADF and ADWF. 
(2) Based on historical flow analysis (Carollo, Vol. 2, Ch. 3). 
(3) Percent Difference = (RWQCP - CSMP)/(RWQCP) flows. 

The ADWF for 2006 estimated in the CSMPs is 32.8 mgd, while the average annual daily 
flow (AADF) estimated at the RWQCP is 33.5 mgd. This is a difference of about 2 percent. 
The AADF contains I/I and should be greater than the ADWF since the ADWF is estimated 
during the dry season where little I/I should be present in the sewers. The ADWF for 2020 
is estimated at 49.5 mgd for the collection system, while the AADF is estimated at 45.8 mgd 
at the RWQCP. This is a difference of about -8 percent. These comparisons show that the 
compared flows, from different data sources, are relatively close. 
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The PDWF estimated for the collection system is approximately 5 percent higher than that 
estimated at the RWQCP for 2006, and approximately 4 percent higher for 2020. Since I/I 
was not accounted for in the collection system flow estimates, peak wet weather flows 
(PWWF) were not reported in the CSMPs. 

1.6 WASTEWATER COLLECTION SYSTEM MODEL 
A collection system model was constructed for each basin to route flows and analyze 
hydraulics within the system. The software XP SWMM version 9.1 was used. This software 
allows for dynamic simulation of flows to account for attenuation, time of travel, surcharge, 
etc. The specifics of the model structure as well as the performance criteria used to identify 
deficiencies are included in this section. 

1.6.1 Model Structure 

The collection system hydraulic model includes the main interceptors and trunk sewers in 
the system, but does not include every pipe in the system. This type of representation of the 
system is typical in collection system modeling to simplify the model results and reduce run 
times. The majority of the system improvements due to hydraulic deficiencies can usually 
be identified with this type of “backbone” system. 

The modeled system consists of 101.1 miles of gravity pipeline, 7.2 miles of force main, and 
1,795 manholes. The pipe diameters range from 8-inches to 51-inches. Two pump stations 
are simulated and include Pierce Street lift station in the Arlanza basin and Wood Road lift 
station in Tequesquite basin. There are a total of 121 subbasins where flows are input to 
the modeled system and average about 235 acres per subbasin. Table 1.6 summarizes the 
statistics for each basin. 

Table 1.6 Modeled Sewer System Statistics 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Statistics 
Arlanza 
Basin 

Phoenix 
Basin 

Northside
Basin 

Spruce 
Basin 

Tequesquite
Basin 

Gravity Sewer 
Length (miles) 

38.0 23.0 10.0 8.3 21.8 

Force Main 
Length (miles) 

5.6 - - - 1.6 

Sewer Diameters 
(inches) 

8 - 51 8 - 48 8 - 36 8 - 18 8 - 42 

No. of Manholes 691 379 176 152 397 

No. of Pump 
Stations 

1 - - - 1 
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Table 1.6 Modeled Sewer System Statistics 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Statistics 
Arlanza 
Basin 

Phoenix 
Basin 

Northside
Basin 

Spruce 
Basin 

Tequesquite
Basin 

Subbasins (flow 
input points) 

34 21 26 9 31 

Notes: 
(1) Total modeled gravity sewer length = 101.1 miles. 
(2) Total modeled force main length = 7.2 miles. 
(3) Total modeled manholes = 1,795. 

1.6.2 Performance Criteria 

The hydraulic model is used to analyze the hydraulics of existing and future flows. 
Performance criteria are used to judge the capacity deficiencies within pipelines. The 
assumptions for the CSMPs are summarized below: 

• “Deficient” if pipes flowing at greater than 90 percent full. 

• “Marginally Deficient” if pipes flowing between 75 percent and 90 percent full. 

• “Velocity Deficient” if velocities are less than 2 feet per second (fps) or greater then 
10 fps. 

These criteria were used to examine existing and future flow conditions, and identify the 
pipelines in need of upgrades. Deficient sewer lines were classified into three priority 
groups, as follows: 

• “Priority A” pipes were “deficient” at the time of the study: 2002 for Spruce, 2003 for 
Tequesquite, and 2005 for the remaining basins. 

• “Priority B” pipes were projected to be “deficient” by 2015. 

• “Priority C” pipes were projected to be “marginally deficient” by 2020. 

Pipeline improvement projects were identified in each CSMP according to these priorities, 
along with a schedule for replacement/rehabilitation of deficient pipes. 

1.7 CAPITAL IMPROVEMENT PLAN 
A CIP was developed in the CSMPs to identify pipeline projects that required upgrades 
based on the modeling and the above performance criteria. The CIP projects identified by 
the CSMPs are illustrated in Figures 1.3 through 1.7. The pipeline improvements are color 
coded for the three priorities defined above. The specifics on each project can be found in 
the accompanying reports included in the appendices.
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FIGURE 1.3
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FIGURE 1.4
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FIGURE 1.5
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FIGURE 1.6
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FIGURE 1.7

TEQUESQUITE BASIN
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Since the Spruce and Tequesquite CSMPs were completed several years ago, the City has 
already completed several of the proposed projects. These projects include: 

• Spruce Street East Kansas and Sewer Easement Northbend (Spruce Basin) 

• 13th Street (Tequesquite Basin). 

• 5th Street Upgrade and New Pipeline (Tequesquite Basin). 

• Brockton Avenue (Tequesquite Basin). 

Other projects identified in the CSMPs are assumed to be needed in the future, although 
further investigation is recommended before these projects go into design. 

1.8 CAPITAL IMPROVEMENT PLAN COST ESTIMATES 
CIP cost estimates are included in each of the CSMPs. This section compares the pipe unit 
costs and cost estimation methods, and reports the total year cost estimates for the 
collection system CIP, and rehabilitation and replacement (R&R). The cost estimates 
included in this section are based on information provided by the City based on the CSMPs. 

1.8.1 Unit Costs 

The pipeline unit costs developed for the CSMPs are included in Table 1.7. These unit 
costs were compared to those estimated by Carollo for the Riverside area. Generally, the 
unit costs are similar. Therefore, the direct costs estimated in the CSMPs were retained for 
the CIP cost estimates. 

Table 1.7 Unit Cost Estimates 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Item Unit Unit Cost(1) 

Pipe (Diameter) 

8-inch LF - 

10-inch LF $100 

12-inch LF $110 

15-inch LF $115 

18-inch LF $145 

21-inch LF $170 

24-inch LF $200 

27-inch LF $205 

30-inch LF $220 

33-inch LF $245 
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Table 1.7 Unit Cost Estimates 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Item Unit Unit Cost(1) 

36-inch LF $260 

39-inch LF $275 

42-inch LF $300 

45-inch LF $320 

48-inch LF $340 

51-inch LF $360 

54-inch LF $390 

Manhole EA $5,500 

Lateral (reconnection) EA $1,650 

Notes:  
(1) PBS&J unit cost estimates for year 2005, used for Arlanza, Northside and Phoenix 

CSMPs.  

1.8.2 Methods 

The cost estimation methods used for the CSMPs differed from the methods applied to 
projects that are evaluated for other volumes of the Integrated Master Plan. Table 1.8 
summarizes the items that are accounted for in each method. The cost estimates in the 
CSMPs ended at the construction costs and did not include site work, sales tax, bid market 
allowance, engineering, management, legal, escalation, R&R, and O&M, which are all 
included in the Integrated MP method. The Integrated MP method was therefore applied to 
the CSMP direct costs (based on unit costs described above) to determine total project 
costs. Costs were escalated to August 2006 dollars using the Engineering News Record 
Construction Cost Index (ENR CCI) for Los Angeles. 

Table 1.8 Cost Estimation Methods 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Item CSMP Method(1) Integrated MP Method 

Site Work None 10% 

General Conditions 15% 10% 

Contractor’s overhead and profit 15% 15% 

Construction contingency(2) 25% 30% 

Sales Tax None 7.75% 

Bid Market Allowance (of total 
construction costs) None 15% 
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Table 1.8 Cost Estimation Methods 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Item CSMP Method(1) Integrated MP Method 

Engineering, Mgmt, Legal (of total 
construction cost) None 30% 

Escalation(3) None 6% (first 5 yrs), 4% (after) 

R&R and O&M costs None Yes 

Notes: 
(1) Percentages applied to Arlanza, Northside and Phoenix CSMPs. 
(2) Does not include ROW acquisition, permits, soil remediation, and bypass pumping. 
(3) First 5 years are 2007 through 2011. 

1.8.3 Cost Estimates 

The total cost estimates for years 2008 through 2025 are included in Table 1.9. These 
estimates include costs derived from the projects listed in the CSMPs, costs for 
replacement and rehabilitation of pipes that are greater than 50 years old, and total costs by 
year. These costs were provided by the City. On the direction of the City, these costs were 
adjusted using the Integrated MP method detailed in Table 1.8. The costs that are derived 
from the projects listed in the CSMPs are distributed evenly over a 10-year period from 
2008 through 2017. These costs were escalated at a rate of 6 percent through 2011 and 
then 4 percent for the remaining years. The total estimated CSMP project costs over the 
10-year period are $53.35 million. Details on the cost estimates can be found in 
Appendix G. 

Table 1.9 Collection System Cost Estimates by Year 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Year 
CSMP Project Costs 

(millions) 

Replacement and 
Rehabilitation Project 

Costs (millions) Total Costs (millions) 
2008 $4.24 $8.85 $13.09  
2009 $4.49 $9.39 $13.88 
2010 $4.76 $9.95 $14.71 
2011 $5.05 $10.54 $15.59 
2012 $5.25 $10.97 $16.21 
2013 $5.46 $11.41 $16.86 
2014 $5.68 $11.86 $17.54 
2015 $5.90 $12.34 $18.25 
2016 $6.14 $12.83 $18.96 
2017 $6.39 $13.34 $19.73 
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Table 1.9 Collection System Cost Estimates by Year 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Year 
CSMP Project Costs 

(millions) 

Replacement and 
Rehabilitation Project 

Costs (millions) Total Costs (millions) 
2018 - $13.88 $13.88 
2019 - $14.43 $14.43 
2020 - $15.01 $15.01 
2021 - $15.61 $15.61 
2022 - $16.23 $16.23 
2023 - $16.88 $16.88 
2024 - $17.56 $17.56 
2025 - $18.26 $18.26 
Totals $53.35 $239.29 $292.64 

Notes:  
(1) Budgeted. 
(2) Costs beyond FY 2015 were not supplied by the City. 
(3) All costs provided the City. 

The rehabilitation and replacement costs summarized in Table 1.9 were provided by the 
City, using a replacement strategy based on pipe age. Pipes were categorized as either 
being constructed before 1943, or between 1944 and 1956 as documented in the City’s 
geographic information system (GIS). All pipes that are 50 years or older were assumed to 
be replaced. These pipes were sorted by diameter and the lengths were reported. Unit 
costs for the pipeline diameters and manholes documented in Table 1.7 were then applied. 
These construction costs were then increased according to the Integrated MP method 
detailed in Table 1.8. Costs were distributed evenly over 50 years, and were escalated at 
6 percent through 2011 and 4 percent thereafter. The total rehabilitation and replacement 
costs for the period from 2008 through 2025 are $239.29 million dollars. Details on the 
rehabilitation and replacement cost estimates can be found in Appendix G. 

The total cost of collection system projects over the next ten years (2008 through 2017) are 
estimated at $164.80 million. Since the CSMP project costs are only estimated over this 
10-year period, the total costs after 2017 may not be all inclusive.  
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June 15, 2002                                                                                                                                                              

Executive Summary 
 
  

 This report presents the results of a comprehensive Sewer System 
Capacity Study of the Spruce Street Trunk System prepared by PBS&J 
for the City of Riverside. The report contains recommendations regarding 
system deficiencies as identified by hydraulic model XP-SWMM (XP 
Software, Version 8.0). 

 
 The City of Riverside is located in the County of Riverside at the 

intersection of three major freeways; Route 91, Route 60 and Route 215. 
The study area encompasses approximately 2,500 acres of mixed land 
use development and is generally bounded by Spruce Street to the North, 
Watkins Drive to the East, Martin Luther King Boulevard to the South and 
Fairmount Boulevard to the West. The study area is essentially a fully 
developed community, comprising single family residential, multi family 
residential, commercial and light industrial areas with small pockets of 
vacant land to be developed in future. The University of Riverside, 
California (UCR) is one of the major contributors of wastewater flow to the 
sewer system. 

 
 The existing trunk sewer system within the study area is comprised of 

approximately 8.3 miles of sewer main ranging in size from 8 inches to 36 
inches in diameter, and 152 manholes. The sewers are essentially VCP 
and the manholes are typically brick lined. The City of Riverside owns and 
operates the sewer system. 

 
 For determination of current wastewater flows, flow monitoring was 

performed at ten strategic locations. These meter locations were chosen 
to observe actual flow characteristics for various sub areas with a distinct 
land use pattern within the study area. The flow monitoring was 
accomplished over a two-week period. The flow results were carefully 
evaluated for their accuracy and some adjustments have been made 
based on depth of flow at meter locations. 

 
 A theoretical estimate of current and future wastewater flow was 

estimated based on factors from the City of Riverside “Criteria for Sewer 
Facility Design”. Residential wastewater flow was determined by using 
current and future projected population, whereas commercial and 
industrial flow was determined based on acreage and City estimated flow 
coefficients. Flow from UCR was estimated using the Draft Long Range 
Development Plan of University of California, Riverside.  

 
 The Computer Model Simulation Analysis involved evaluation of available 

capacity in the existing collection system under present and future 
development conditions. Based on the results of model runs, system 
deficiencies were identified and a phased facility improvement plan was 
developed to allow for the projected growth within the study area.  

 

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxA-Spruce Report.pdf



______________________________________________________________________________________ 

 

Spruce Street Sewer Capacity Study                            EX- 2                                   

June 15, 2002                                                                                                                                                              

 Deficient and marginally deficient pipes were identified from the results of 
model runs. The pipes currently flowing more than 90% full under 
maximum flow conditions are grouped in priority “A”, pipes flowing more 
than 90% full in the future under maximum flow conditions are priority “B” 
and pipes flowing between 75% full and 90% full in future under 
maximum flow conditions are classified as priority “C”. Some adjustment 
of priorities and combining of improvements was done based on the need 
for continuity and efficiency of implementation. Within priority “A”, two 
alternatives were evaluated to identify the most feasible solution. 
Alternative 2 was recommended as the preferred alternative. 

 
 The time phased improvements for various priorities are listed in table 7-

2. The approximate cost of recommended improvements is summarized 
in tables 7-5, 7-6 and 7-7.  

 
 Under existing flow conditions, a total of 1,935 linear feet of priority “A” 

deficiencies were identified, requiring near term attention. Additional 
deficiencies predicted under ultimate flow conditions (Priority “B”) include 
an additional 9,660 linear feet of inadequate sewer lines. The estimated 
capital cost to remedy these identified deficiencies (in year 2000 $’s) is 
$686,500 for Priority “A” and $2,200,000 for priority “B”. However, it may 
be that not all of the priority “B” improvements will need to be actually 
implemented. Only those where surcharging and other problems are 
deemed imminent.   Periodic flow monitoring is also recommended to 
verify anticipated deficiencies and need for improvements. 
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1.0   INTRODUCTION 
 
 
 

1.1 Background 
 

On 10/16/2001 the City of Riverside retained PBS&J to prepare a 
Sewer System Capacity Study.  The study is necessitated by the 
fact that the City is experiencing sewer capacity issues along the 
Spruce Street Sewer Trunk Line and its adjoining areas.  
 
 

1.2 Study Area  
 

The City of Riverside is located in the northwest corner of the 
County of Riverside at the intersection of three major freeways; 
Route 91, Route 60 and Route 215.  Founded in 1870, the City is 
known for its citrus industry, world famous Mission Inn and other 
historical monuments.  Figure-1 is a Vicinity Map depicting the 
City’s location and its accessibility.  Figure 2 shows the study 
area.  The study area shown in Figure 2 encompasses 
approximately 2,500 acres and is generally bounded by Spruce 
Street to the North, Fairmount Boulevard to the West, Martin 
Luther King Boulevard to the South and Watkins Drive to the East.  
The area has been divided into nine tributary sub-areas, where 
downstream sub-areas intercept sewage flow from upstream sub-
areas.  To obtain “real” flow information for this study, sewage flow 
meters were placed at strategic locations to monitor flows 
contributed from the tributary sub-areas.   
 
In general, the study area is considered to be a mature community 
comprised of single family residential, multi-family residential, 
commercial and light industrial uses.  The University of California, 
Riverside (UCR) is one of the major contributors of the sewage 
flow within the study area. 
 
 

1.3 Objective 
 

The objective of this Sewer System Capacity Study is to provide a 
comprehensive evaluation of the capacity of the sewer system 
within the study area, identify deficiencies in the current system, 
and evaluate alternatives to enhance the conveyance capacity to 
accommodate ultimate wastewater flows anticipated to be 
generated in the study area. 
 
 
 

           1.4  Scope and Study Approach 
    Specific work tasks under this study are summarized as follows: 
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• Kickoff Meeting 
 

The initial meeting to introduce PBS&J personnel and sub-
contractors working on this project to the City, discussion of 
project scope, communication protocol, scheduling of flow 
monitoring dates and explanation of methodology involved, 
and field data and other digital files to be provided by the City. 

 

• Progress Meetings 
 

Monthly Project Progress Meetings to discuss on going issues 
and progress of study. 
 

• Flow Monitoring and Hydrograph Development 
 

The sub-consultant, Downstream Services is to install, 
maintain, and collect flow data from ten monitoring stations 
throughout the study area. They would then submit the 
collected raw data in electronic/hard copy format to PBS&J.  
PBS&J would then process this information and create a 
hydrologic database.  The City is to provide a copy of City’s 
General Plan for estimation of current and future flows.  Other 
information like Long Range Development Plan (LRDP) of 
University of California, Riverside and Traffic Analysis Zones 
(TAZ) data is to be considered for making future flow 
projections.  

 

• Model Development 
 

Model development includes input data collection, conversion 
of data and calibration.  The City’s GIS staff would make 
available data pertaining to roads, sewers, land use and other 
utilities in Arc/View format on a CD.  As built plans for trunk 
line sewer is to be reviewed.  Data available from GIS system 
and as built plans is placed in a database system (MS Access 
2000) as a pre-processor for XP-SWMM model development. 
Calibration of model is done after construction of the model 
and additional data input. 
 

• Draft Report 
 
Based on the calibrated model and City’s criteria for Sewer 
Facility Design, a Draft Report is to be prepared which would 
summarize existing and future capacity problems. Alternatives 
are to be suggested for additional or alternate sewer 
improvements along with probable costs.  The draft report is to 
be reviewed by the City personnel for their comments and 
suggestions.   
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• Final Report 
 
Draft Report review comments from the City are to be 
incorporated into the Final Report along with and additional 
information or research in order to reflect a final level of study 
completion.  The Final Report will include data and information 
assembled, alternatives evaluated, capital improvement 
recommendations to remediate anticipated deficiencies, and 
approximate cost.  
 

A comprehensive evaluation of the sewage collection system to 
accomplish the above summarized scope entails the following 
multi-step approach: 
 

• Review of as built plans provided by the City to determine 
system configuration, inverts, pipe sizes and slopes. 

• Use of detailed database provided by the City in Arcview 
format. 

• Creation of computer hydraulic model using existing sewer 
system to study project area. 

• Identification of flow monitoring station locations. 

• Identification of tributary areas contributing sewage flow to 
meter locations. 

• Installation of flow meters and monitoring of flows at the 
selected locations on continuous basis for two-week period. 

• Review of current land use in study area per GIS information 
from the City and determination of existing land use, 
population and vacant land. 

• Assessment of ultimate land use and projected population. 

• Review of current land use pattern for UCR, student 
population. 

• Review of Long - Range Development Plan, future land use 
pattern for UCR and student population. 

• Review and evaluation of metered data from flow monitoring 
stations. 

• Development of flow coefficients and representative diurnal 
flow patterns based on typical curves for various land uses 
and observed flows from monitored sub areas which are 
dominated by a specific land use. 

• Modeling of sewer system, deficiency identification, and model 
simulation of remedial alternatives using above -mentioned 
information as input data. 

• Evaluation of alternatives, optimization, cost comparison. 

• Prioritization of recommended improvements, including 
identification of critical pipelines which need immediate 
attention. 

• Draft Report and recommendations including phased 
improvements and costs. 

• Review by the City, comments and discussion. 

• Final Report 
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2.0 LAND USE 
 
 

2.1 Existing Land Use 
 
Land use is the basis for estimating sewage flow from the majority 
of the study area.  The land use pattern for this study (with the 
exception of UCR) was developed from the GIS information 
provided by the City. Figure 3 shows land use for the City (non-
UCR) portion of the study area based on the City’s “Ultimate Land 
Use” GIS layer.  For the purposes of this study, land uses in the 
study area have been broadly classified into five categories: 
Single Family Residential (SFR), Multi Family Residential (MFR), 
Commercial, Industrial and University of California Riverside 
(UCR) Academic and Residential. 
 
 

2.2 Proposed Land Use 
 
The study area is primarily a mature community. With the 
exception of UCR owned property, there is very little vacant land 
(approximately 265 acres).  The majority of the remaining growth 
is planned to take place as part of the UCR expansion.  UCR is 
currently developing a “Long Range Development Plan” (LRDP) 
projecting through year 2015.  Based on an estimate of student 
population (approximately 25,000 by 2015), the University remains 
a major contributor of sewage flow within the Spruce Street Sewer 
System. It is assumed that the majority of vacant lots within the 
study area would be fully developed by year 2015.  Wastewater 
generating (developed) land use within the study area is generally 
summarized in the following table: 
 

Table 2-A 
Summary of Wastewater 

Generation based on Land Use 
(Acres) 

 
Category Existing Future 

(Year 2015) 
Change 

Single-Family Residential 
(SFR) 

1,136 1,294 +158 

Multi-Family Residential (MFR) 189 203 +14 
Commercial 284 377 +93 
Industrial 170 170 0 
University of California (UCR) 471 706 +235 

 
 

 
2.3 UCR Existing Land Use 
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Existing land use within the UCR campus is a mixture of academic 
facilities (and related support), as well as, housing (including 
residence halls and apartments and related support).  UCR owns 
approximately 1,106 acres generally bounded by Chicago Street 
on the west, Watkins Drive on the east, Blaine Street on the north, 
and a line extending east from La Conte Drive on the south. As 
shown in table 2A, 471 acres is currently developed.  Most of the 
developed campus area is located east of I-215/Hwy 60, whereas 
large sections of UCR owned vacant land located west of the I-
215/Hwy 60 is slated to become part of the developed campus in 
the future. 
 
Existing campus population is approximately 23,000, of which 
14,000 are students and 9,000 are faculty and support personnel. 

 
 

2.4 Draft UCR Long Range Development Plan (LRDP) 
 

The UCR campus is experiencing rapid growth, which is expected 
to continue into the future.  Expected “build-out” or ultimate 
capacity is projected to occur in the year 2015 to 2020 timeframe. 
 
To accommodate the expected growth, UCR is in the process of 
updating its Long-Range Development Plan, which was last 
updated in 1990.  The LRDP planning process is a comprehensive 
evaluation of facility needs to support the objectives set forth in 
the UCR Academic Plan.  The previous 1990 LRDP addressed a 
projected student population of 18,050, while the current LRDP 
contemplates a population of 25,000.  Both versions acknowledge 
a possible ultimate student population of 30,000.  For purposes of 
this sewer capacity evaluation, a 2015 build-out population of 
25,000 students and 15,000 faculty and support personnel is 
used.  After interviews with UCR planning personnel and research 
of other similar universities, a 50/50 split was assumed for student 
on-campus housing and off-campus housing. Thus, approximately 
12,500 students would be living on-campus and approximately 
12,500 students would be living off campus, but within the study 
area.  
 
A preliminary land use plan for ultimate UCR development is 
shown in Figure 4.  Note that both academic and residential 
facilities are added west of the I-215/Hwy 60, while many of the 
existing older residential and academic facilities east of the I-
215/Hwy 60 are expanded or replaced.  No development is shown 
south of Martin Luther King Jr. Boulevard. Also, approximately 93 
acres of University-owned property west of Iowa Avenue is 
considered to be developed in future.  However, this acreage may 
one day become part of a future expansion, perhaps to support an 
LRDP amendment  which would bring the campus to a capacity of 
30,000 students. 
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3.0  EXISTING SEWER SYSTEM 
 
 
 

3.1 System Overview 
 

As previously described, the Spruce Street Trunk Sewer System 
serves approximately 2,500 acres, which, for this study, has been 
divided into nine tributary sub-areas (See Figure 5); each area 
contributing sewage flow to a meter location or multiple meter 
locations (accumulated sub-area flows). The modeled gravity 
conveyance system is approximately 44,000 linear feet (8.33 
miles), with pipe sizes varying from 8 inches to 18 inches in 
diameter (See Figure 6).  The majority of pipelines within the 
system are vitrified clay (VCP).  
 

3.2 Collection System 
 

The wastewater generated within the study area flows in a 
northerly or westerly direction depending on general topography.  
The major trunk lines are along Spruce Street, University Avenue, 
and Chicago Avenue.  The trunk line in Chicago Avenue picks up 
sewage flow from Single Family Residences in the Box Springs 
Area, UCR and some commercial/multi family residences along 
University Avenue.  The trunk lines in Spruce Street east of 
Chicago Avenue convey flow from single-family residences north- 
east of Watkins Avenue, multi family residences east of the I-
215/60 Freeway and some commercial/industrial areas south of 
Spruce Street.  The trunk line in Kansas Avenue conveys sewage 
flow generated by medium to high-density single-family 
residences north of Martin Luther King Boulevard and some 
commercial and industrial properties on both sides of Third Street.  
The majority of flow from the study area converges into two 
parallel trunk lines along Spruce Street west of Kansas Avenue.  
The sewer lines along University Avenue, Chicago Avenue and 
Kansas Avenue have parallel lines in some of the reaches and 
split flow situations at some manhole locations. Pipe size, length, 
and number of manholes have been tabulated for each major 
segment of the modeled trunk system (See Table 3-1). 
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Table 3-1 
 

City of Riverside 
Summary of Modeled Sewer Lines within Study Area 

 
   

Location Pipe Dia. 
(Inches) 

Length 
(Feet) 

Number of 
Manholes 

University Avenue 8 4,480 16 
 12 3,847 13 
 15 1,460 6 
    
Spruce Street 8 2,149 9 
 10 5,540 19 
 15 2,997 8 
 18 6,360 24 
    
Chicago Avenue 10 1,413 6 
 12 2,143 8 
 15 1,850 6 
 18 2,598 8 
    
Third Street 10 2,649 10 
    
Kansas Avenue 8 1,688 4 
 10 2,597 9 
 15 1,653 6 
    
TOTAL  43,784 152 

 
 
 3.3 System Hydraulics  
    

The existing trunk sewer system, which is the subject of this 
evaluation, is shown on Figure 6A and 6B.  The sewer collection 
system was constructed over a period of many years as needed; 
to accommodate increasing sewer flows.  The as-built plans 
provided by the City were studied to ascertain characteristics of 
the system.  The sewer system, from upstream to downstream 
end, is briefly described as follows: 
 

• University Avenue Study Area Sewer Line: The sewer lines 
along University Avenue begin just west of Canyon Crest 
Avenue with a 15-inch diameter UCR trunk line flowing 
from the east.  Two parallel sewer lines (15-inch on the 
northern side and 8-inch on the southern side) run along 
University Avenue.  They both then converge at manhole 
No. 1024 (east of Freeway I-215/60) where a single 15-
inch diameter sewer line picks up their flows and crosses 
the I-215/60 freeway.  Upon crossing the freeway, the 15-
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inch line connects to manhole No. 1022 where once again, 
the flow splits between two pipes (8-inch and 12-inch).   
Manhole No. 1022 has a split flow weir which diverts part 
of the flow into the 8-inch sewer line once the depth of flow 
reaches 3 inches in the 15-inch sewer line.  Metered flow 
at meter locations 9 and 10 indicate that approximately 
60% of total flow through manhole No. 1022 passes 
through the 12-inch sewer line, while about 40% passes 
through the 8-inch sewer line.  The two pipes then 
continue to parallel one another along University Avenue 
flowing towards the west with the 12-inch line on the north 
side and the 8-inch on the south side of the street.   

 

• Chicago Avenue Study Area Sewer Line: In Chicago 
Avenue, between University Avenue and Third Street, two 
parallel sewer lines flow to the north; however, there are 
two flow split situations – one at manhole No. 994 
(intersection of University Avenue and Chicago Avenue) 
and another at manhole No. 841 (intersection of Linden 
Street and Chicago Avenue).  From Linden Street, the 
flows continue north along Chicago Avenue, where they 
converge at manhole No. 605.  From manhole No. 605, 
flows continue north in a single 12-inch diameter pipe to 
manhole No. 499.  From manhole No. 499, the flows 
continue north in a 15-inch diameter pipe to Spruce Street, 
where they empty into the Spruce Street Trunk Sewer. 

 
 

• Third Street Study Area Sewer Line: The sewer line along 
Third Street between manhole Nos. 624 and 614 is a 10-
inch diameter VCP which collects wastewater flow from a 
commercial/light industrial area.  Flow is in a westerly 
direction. 

 

• Kansas Avenue Study Area Sewer Line: The sewer line 
along Kansas Street begins north of University Avenue at 
manhole No. 902.  The wastewater flows northerly in a 
pipe, which progressively increases in size from a 8-inch to 
10-inch to 12-inch to 15-inch diameter.  The 8-inch pipe is 
from manhole No. 902 to manhole No. 614; the 10-inch 
from manhole No. 614 to manhole No. 237; 12-inch from 
manhole No. 469 to manhole No. 384 and 15-inch in the 
reach 384-236.  There are three flow split situations at 
manhole Nos. 469, 386 and 236 respectively, thereby 
creating a parallel pipe scenario from approximately Lyman 
Street to Spruce Street.  

 
 

• Spruce Street Study Area Sewer Line: The line along 
Spruce Street begins just west of Watkins Avenue and 
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ends just east of Fairmount Boulevard.  The flow in this 
sewer line is generally in a westerly direction.  The sewer 
trunk line along Spruce Street collects the majority of its 
flows from the trunk lines along Chicago Avenue and 
Kansas Avenue.  The pipe sizes vary from 8-inch to 18-
inches in diameter.  The diameter of pipe from manhole 
No. 246 to manhole No. 234 is 8-inch; from manhole No. 
234 to manhole No. 225 is 10 inch; from manhole No. 225 
to manhole No. 215 is 15 inch, and from manhole No. 215 
to manhole No. 18 is 18 inch.  Parallel pipe conditions exist 
from Kansas Avenue to where the pipes converge at the 
intersection of Wilsher Street and the 60 Freeway (City has 
an easement adjacent and parallel to the freeway).  The 
pipe on the north of Spruce Street is 18 inches in diameter 
from manhole No. 210 to manhole No. 251, while the pipe 
on the south side is 10-inches in diameter and runs from 
manhole No. 236 to manhole No. 251. The 15-inch 
diameter pipe runs from manhole No. 51 to manhole No. 
35 (parallel to Freeway I-215/60).  The 18-inch diameter 
pipe runs from manhole No. 35 to manhole No. 18 (parallel 
to Freeway I-215/60). 

 
 

3.4 Tributary Areas 
 

The identified sewer tributary sub-areas are distinct areas 
characterized by the sewer system draining to a particular meter 
location (Meter locations were selected based on tributary areas) 
(See Figure 5).  However, some meter locations (meters 1,2,5, 
and 7) measure flows from several tributary sub-areas (cumulative 
flows). Because of their strategic locations, meters upstream of a 
cumulative meter can be subtracted out to deduct cumulative 
effects.  Following is a listing of tributary sub-areas contributing to 
each meter location, starting with the upstream sub areas. 
 

• Sub-area 8 is tributary to meter No. 8 at Spruce Street. 

• Sub-area 8 and 7 are tributary to meter No. 7 at Spruce Street. 

• Sub-area 9 is tributary to meter No. 9 and No. 10 at University 
Avenue (Split flow situation). 

• Sub-area 8, 9, 7 and 5 are tributary to meter No. 5 at Spruce 
Street. 

• Sub-area 6 is tributary to meter No. 6 at Third Street. (Split 
flow situation). 

• Sub-area 3, 4 and 6 are tributary to meter No. 3 at Spruce 
Street (Split flow situation). 

• Sub-area 2, 5, 7, 8 and 9 are tributary to meter No. 2 at 
Spruce Street. 

• Sub-area 1, 2, 3, 4, 5, 6, 7, 8, and 9 are tributary to meter  No. 
1 (parallel to freeway 215 on south side) 
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Within each sub-area is generally a distinct mixture of land uses, 
which generates a unique quantity and diurnal pattern of 
wastewater flows.   UCR has been characterized as a separate 
land use pattern based on its unique wastewater generation 
quality. For identification of land use patterns, data provided by 
the City of Riverside in GIS Arcview format was used. The 
following table summarizes land uses within each sub-basin. 
 

 
 

Table 3-2 
 

Tributary Areas and Current Land Use 
 
 

Sub Area 
 

SFR 
(Acres) 

MFR 
(Acres) 

Commercial 
(Acres) 

Industrial 
(Acres) 

UCR  
(Acres) 

Total 
(Acres) 

1 1,295 201 377 171 471 2,515 

       

2 1,124 165 291 141 471 2,192 

       

3 75 39 39 6  159 

       

4 75 39 4   118 

       

5 1,020 188 277 56 471 2,012 

       

6   6 6  12 

       

7 523 141 89   753 

       

8 189     189 

       

9 454 34   471 1,014 

 
SFR – Single Family Residential 
MFR – Multi Family Residential 
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4.0  DETERMINATION OF SEWER FLOWS 
 
 
 
 4.1 Flow Monitoring 
 

Flow Monitoring was conducted at ten sites in order to accomplish 
the following: (See Figures 5 and 6 for locations of Flow 
Monitoring Stations). 

 

• Establish current flow levels. 

• Verify or adjust flow coefficients. 

• Establish characteristic flow patterns (Diurnal Curves) for the 
model (See Figures 15, 16, 17, 18). 

• Confirm peak to average flow relationships. 

• Help prioritize recommend improvements. 
 

 
Meter locations were chosen to observe actual flow 
characteristics for the various sub-basins and to provide a 
continuous record of measured flows over a period of time (two 
weeks for this study).  Meter locations were also chosen in such 
a manner that current flow quantities along the Spruce Street 
Trunk Sewer could be quantitatively determined.  Following is an 
amplification of the logic for placement of each flow meter. 
 

• Meter No. 1 location (adjacent to I-215/60 Freeway, west of 
Main Street) - This location was chosen because it carries all 
of the flow generated within the study area. 

 

• Meter No. 2 and 3 location (South of Spruce Street Bridge, 
east of 91 Freeway) - These locations were chosen to 
measure all of flows within the sub area east of Freeway 91. 
Also, by subtracting flows for meter location No. 4 and No. 5 
from this flow, flow for the area generally bounded by north of 
Linden Street, south of Spruce Street, west of Chicago 
Avenue and east of Kansas Avenue could be determined. 

 

• Meter No. 4 location (On Kansas Ave. south of Third Street) -
This location was chosen to measure flow generated by the 
area generally bounded by south of Third Street, north of 
Martin Luther King Boulevard, east of Chicago Avenue east of 
Kansas Street and west of Chicago Avenue.  The land use 
within its tributary area is primarily medium to high density 
residential. 

 

• Meter No. 5 location (on Spruce Street just west of I-215/60 
Freeway) - This location was chosen to determine sewage 
flow generated by the area generally bounded by east of 
Chicago Avenue, west of I-215/60 Freeway and north of 

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxA-Spruce Report.pdf



 

Spruce Street Sewer Capacity Study 
June 15, 2002 12   

    

Seventh Street.  The land use within its tributary area is 
characterized by light and business park industrial, open 
space commercial and mixed use.  Very few residences are 
located within this sub-basin. 

 

• Meter No. 6 location (on Third Street west of Durahart Street) 
- This location was chosen to verify flow exchange from Meter 
Number 5 sub-basin west of Chicago Avenue.  The land use 
in this area is primarily industrial and commercial. 

 

• Meter No. 7 location (On Spruce Street, west of Atlanta 
Avenue) - This location was chosen to measure sewage flow 
generated by the area generally bounded by south of Spruce 
Street, east of 215/60 Freeway, north of Linden Avenue and 
west of Canyon Crest Drive.  The land use within its tributary 
area is primarily single family residential with some multi 
family residential and light commercials. 

 

• Meter No. 8 location (On Spruce Street, near Watkins Drive) - 
This location was chosen to determine flow generated by the 
area generally bounded by north of Massachusetts Avenue 
(extended Massachusetts Avenue east beyond Watkins), 
south of Spruce Street, west of Spruce Street.  The land use 
within this sub basin is primarily Single Family Residential. 

 

• Meter No. 9 and 10 locations (On University Avenue, west of 
Cranford Avenue) - These meter locations were chosen to 
measure sewage flow primarily generated by University of 
California, Riverside.  The area is generally bounded by 
Martin Luther King Boulevard on south side, Third Street on 
north side and Spruce Street on east side.  Although the sub-
basin is comprised mostly of UCR properties some City 
single-family residential acreages is served on the east side. 

 
 

 4.2 Results of Flow Monitoring 
 
  Measurement of sewer flows is an imprecise science, as the in-

line equipment is placed in a harsh environment and is subject to 
solids interference, calibration, solids, and turbulence and other 
problems, which can impede the accuracy.  Installed equipment 
must be frequently inspected and maintained, and monitoring 
results interpreted, evaluated for reasonableness, and sometimes 
adjusted.  In this particular application, metered flow information 
was generally quite good.  However, some flows at specific meter 
locations did not display consistent values.  Graphical results at 
each site were carefully reviewed for consistency and 
reasonableness, using the following general guidelines.   
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• Where the magnitude or daily pattern varies significantly from 
one non-holiday weekday to the next, the data is likely to be 
flawed. 

• Where the base (low) flows are rising during the flow monitoring 
period, the data is suspect. 

• Where the algebraic sum of flows from meters in series are 
significantly out of sync, the data from one or more meters may 
be faulty. 

• Where minimum (nighttime) flows are abnormally high or 
algebraically inconsistent, the data is suspect. 

 
Metered flows displaying one or more of the above flaws were 
purged or adjusted based on reasonable assumptions. 

 
  At each meter location the flow-monitoring device measures depth 

of flow and velocity.  Upon reviewing the report submitted by 
Downstream Services, and from discussions with their staff, it was 
determined that the depth-of-flow reading was more reliable than 
the velocity data.  By using depth of flow readings and inputting 
pipe characteristics (slope, size and roughness “n” values), 
sewage flow can be calculated using Manning’s equation.  These 
values more closely resemble theoretically sewage flows 
calculated using land use information and flow coefficients.  It was 
determined to perform additional flow monitoring for sub-area 2 at 
two different locations for a period of two days.  Flow data have 
been included in the Appendix. 

 
  The flow monitoring hydrographs at each meter site, adjusted 

based on the depth measurement, are shown in Figures 7 through 
14.  The following relevant observations were made from 
evaluation of the measured flows: 

 

• Flows from the study area are atypical in many ways, 
probably due to the dominating influence of UCR. 

 

• Weekend hydrographs show generally smaller flows and 
lesser peaks than weekday patterns, probably due to a 
slightly lesser study area population on weekends. 
Weekday flows  (with UCR in session) thus produce the 
critical modeling values in this area. 

 

• Holiday flows (i.e., Thanksgiving occurred during the 
metering period) generally exhibit increased values in most 
developed areas around the nation; however, in this study, 
the holiday and preceding week displayed depressed 
flows; again likely due to the net out-migration of the 
resident population (influenced by UCR) during the days 
surrounding the holiday. 
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Figure 7

Adjusted Flow at Meter 2
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Figure 8

Adjusted Flow at Meter 3
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Figure 9

Adjusted Flow at Meter 4
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Figure 10

Adjusted Flow at Meter 5
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Figure 11

Adjusted Flow at Meter 6
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Figure 12

Adjusted Flow at Meter 7
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Figure 13

Adjusted Flow at Meter 8
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Figure 14

Adjusted Flow at Meters 9 10

0

0.5

1

1.5

2

2.5

2
0
-N

o
v
-0

1

2
1
-N

o
v
-0

1

2
1
-N

o
v
-0

1

2
2
-N

o
v
-0

1

2
2
-N

o
v
-0

1

2
3
-N

o
v
-0

1

2
3
-N

o
v
-0

1

2
4
-N

o
v
-0

1

2
5
-N

o
v
-0

1

2
5
-N

o
v
-0

1

2
6
-N

o
v
-0

1

2
6
-N

o
v
-0

1

2
7
-N

o
v
-0

1

2
7
-N

o
v
-0

1

2
8
-N

o
v
-0

1

2
9
-N

o
v
-0

1

2
9
-N

o
v
-0

1

3
0
-N

o
v
-0

1

3
0
-N

o
v
-0

1

1
-D

e
c
-0

1

1
-D

e
c
-0

1

2
-D

e
c
-0

1

3
-D

e
c
-0

1

3
-D

e
c
-0

1

4
-D

e
c
-0

1

Date

F
lo

w
(m

g
d

)

Ave. Flow= 1.388 mgd

Min. Flow= 0.495 mgd
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• Diurnal flow patterns reveal a surprising duration and 
magnitude of nighttime flows, particularly for high density 
residential and UCR.  This can probably be explained by 
the general nocturnal habits of the student population in 
and around the UCR campus. 

 

• From the storm which occurred on November 24, a brief 
rainfall “spike” was evident at several of the meters (meter 
Nos. 3, 4, 5 and 10), indicating that there is some rainfall-
generated inflow to the system; possibly from inundated 
manhole covers or illicit connections (roof drains, etc.). 

 

• Observed flows at Meter No. 4 are significantly higher than 
expected from land use.  This is likely attributable to a 
higher than anticipated resident population, or 
“overcrowding” in this particular area.  The recent U.S. 
census data reveals somewhat greater numbers than 
would be expected in this zoning category.  Actual 
population may be even higher, due to residents who did 
not report.  An upward adjustment was made to the land 
use/population in this tributary area to account for the 
higher occupancy.  However, sub-area 4 is relatively minor 
in its contribution to flows in the trunk system. 
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5.0  ESTIMATED ULTIMATE FLOW 
 
 
 
 5.1 Methodology 

 
Future wastewater flows in the study area are estimated by 
applying unit (per acre or per capita) flow factors to the projected 
“ultimate” land use acreage or population in each sub area.  As 
discussed in Section 2, ultimate land uses within the study area 
are estimated based on the City’s current General Plan (which 
governs future development/redevelopment), and the UCR Long 
Range Plan (currently being updated).  As shown in Figure 5, the 
growth potential within the City (non UCR) portion of the study 
area is relatively small, limited by the available land, while the 
planned growth for UCR is substantial (See Figure 4). 
 
Since this study does not evaluate the internal collection system 
within the UCR campus, the composite flow at the point where 
UCR flows enter the City’s trunk system (on University Avenue) 
constitutes key input to the model.  Flows from on-campus uses 
are estimated based on population rather than land use.  This is 
appropriate since the ultimate specific facilities and locations have 
not been firmly established, but the student population and on-
campus resident numbers are essentially agreed upon. 
 
Thus, future wastewater flows are estimated based on a hybrid 
methodology which employs population-based coefficients for the 
UCR portion, and land use-based coefficients for the remainder of 
the study area. 
 
 

5.2 Flow Coefficients 
  
A review of commonly used flow coefficients (or unit factors) was 
made to arrive at preliminary criteria which would be an 
appropriate starting point for the study area. 
 
Flow coefficients are commonly expressed in terms of cubic feet 
per second (cfs) of average dry weather flow (ADWF) per acre of 
a specific land use type.  For population based estimates, flows 
are expressed in gallons per capita per day (gpcd).  Peak flow 
generation rates estimated by applying peaking factors to the 
average flow, (with factors often based on observed peak-to-
average ratios from previous studies) are of little value in 
simulating flows within the collection system, since peaks for 
various uses are not simultaneous, but rather staggered 
throughout the day.  Also, peaks are blended and attenuated by 
lag times and in-pipe storage as the flows move downstream.  
Notwithstanding the above, diurnal peaking factors are also 
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estimated for each land use type to estimate peak generation 
rates. 
For preliminary estimation of wastewater flow, the document 
“Criteria for Sewer Facility Design, Public Works Department, City 
of Riverside” was used. The following is a general guideline for 
estimation of theoretical wastewater flows within the study area: 
 
Flows from Land Use Categories: 
 
Residential sewage flows are determined by using the following 
sources of information and criteria: 
 

• Land use shown in the City’s General Plan. 

• Based on land use determine the number of living units per 
acre. 

• Persons per living unit determined from the latest census data 
for the study area. However, it should not be less than an 
average of 2.75 persons per living unit. 

• Average wastewater flow based on 65 gallons per capita per 
day. 

• Peak to average flows to be determined from the graphs. 
 

   Peak flows from non-residential developments shall be  
 

 determined using the following criteria: 
 

• Industrial Developments – 0.012 cfs/acre 

• Commercial Developments – 0.010 cfs/acre 

• Offices – 30 gallons per capita (employee on site) per day 

• Schools – 30 gallons per capita per day 

• Laundromat – 580 gallons per machine per day. 
 
The City of Riverside Criteria for Sewer Facility Design is attached 
as Appendix B. 
 
UCR Flows 
 
Per capita flow from student population living on campus is 65 
gallons per capita per day 
 
Per capita flow from faculty and visitors who reside off campus - 
30 gallons per capita per day 
 
Peaking Factor - City of Riverside, population vs. peaking factor 
chart 
 
As previously discussed, based on meetings with UCR Planning 
staff, a student population of 13,930 plus 8,700 faculty and visitors 
was assumed for year 2001.  According to the draft Long Range 
Development Plan for year 2015, a student population of 25,000 
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Table 5-1
Summary of Theoretical Flow 

METER CONTRIBUTORY                                LANDUSE FLOW Total 

AREA               Commercial                             UCR Peak Flow

(ac) Pop. Avg. flow PF Peak flow area Peak flow area Peak flow Pop. Avg. flow PF Peak flow

CURRENT FLOW:(Year 2001) (cfs) (cfs) (ac) (cfs) (ac) (cfs) (cfs) (cfs) (cfs)

8 164 922         0.093 3.0 0.278 0.00 0.000 0.00 0.000 0.278

7 645 9,694      0.975 2.3 2.242 87.74 0.877 0.00 0.000 3.119

9 &10 947 4,152      0.418 3.0 1.253 38.43 0.384 0.00 0.000 23,200      1.31 1.6 2.100 3.736

5 1,812                         14,938    1.502 1.9 2.854 235.47 2.355 56.18 0.674 23,200      1.31 1.6 2.100 7.982

2 1,971 14,938    1.502 1.9 2.854 229.91 2.299 141.18 1.694 23,200      1.31 1.6 2.100 8.947

3 145 4,485      0.451 3.0 1.353 37.84 0.378 6.25 0.075 1.81

4 104 4,055      0.408 3.0 1.223 2.71 0.027 0.00 0.000 1.250

6 11 0 0.000 3.0 0.000 5.13 0.051 6.25 0.075 0.13

1 2,249                         20,845    2.096 1.7 3.459 283.57 2.836 170.47 2.046 23,200      1.31 1.6 2.100 10.439

FUTURE FLOW:(Year 2015)

8 189                            1,097      0.110 3.0 0.331 0.00 0.000 0.00 0.000 0.331

7 753                            11,536    1.160 2.2 2.552 88.74 0.887 0.00 0.000 3.439

9 &10 1,014                         4,941      0.497 3.0 1.490 55.20 0.552 0.00 0.000 40,000      2.53 1.5 3.800 5.842

5 2,012                         17,776    1.787 1.8 3.217 277.30 2.773 56.18 0.674 40,000      2.53 1.5 3.800 10.464

2 2,192                         17,776    1.787 1.8 3.217 291.22 2.912 141.18 1.694 40,000      2.53 1.5 3.800 11.624

3 159                            5,337      0.537 3.0 1.610 38.53 0.385 6.25 0.075 2.070

4 118                            4,825      0.485 3.0 1.456 3.40 0.034 0.00 0.000 1.490

6 11                              0 0.000 3.0 0.000 5.13 0.051 6.25 0.075 0.13

1 2,500                         24,806    2.494 1.6 3.866 376.64 3.766 170.47 2.046 40,000      2.53 1.5 3.800 13.478

Notes:

   For flow calculation of SFR and MFR population count as per City of Riverside GIS has been used.

   For population growth a 12.65% growth for every ten year has been assumed based on population data for City of Riverside.

   Per capita sewage flow- 65 gpcd

   Commercial Peak Flow- 0.01 cfs/ac

   Industrial Peak Flow- 0.012 cfs/ac UCR Avg. Flow Calculation:

   Peaking Factor as per City of Riverside Population vs Peak to Average Ratio Chart.

   For calculation of sewage flow from UCR following assumptions have been made: Present:(Year 2001)

    Per capita average flow from student population on campus - 65 gpcd = 0.0001005 cfs/capita. Residential 0.44 cfs

    Average flow from faculty and visitors - 30 gpcd = 0.0000464 cfs/capita. Academics 0.87 cfs

    For year 2001, flow has been calculated based on student population of 

    14,500 students and 8,700 faculty and visitors. (30% students live on campus.) Future:(Year 2015)

    For year 2015 flow has been calculated based on 25,000 student population and 15,000

    faculty and visitors. 50% students live on campus. Residential 1.26 cfs

Academics 1.28 cfs

Abbreviations:

   Pop. - Population, Avg. - Average, PF - Peaking Factor, cfs - Cubic feet per second, ac - Acre, SFR - Single Family Residential, MFR - Multi Family Residential

   UCR - University of California, Riverside.

                            Residential (SFR & MFR)                                                  Industrial 

Table 5-1
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plus 15,000 faculty and visitors is assumed.  It is further assumed, 
based on input from UCR Planning, that 50% of the students will 
reside on campus. Official numbers received from UCR for 
student population is attached as Appendix –C. 
 
Table 5-1 summarizes present and future sewage flow quantities 
based on land use.  For Single Family and Multi-Family 
residential, sewage flow generated in a sub-area has been 
calculated based on land use converted to population. Flows for 
commercial/industrial are computed based on land use acreage 
and representative flow coefficients. 

  
 
 5.3 Representative Diurnal Hydrographs 

 
The study area is comprised of a variety of unique land uses. For 
the purpose of defining characteristic diurnal patterns, flow from 
each sub-basin was analyzed and percentage of flow contribution 
from each land use type was estimated. Tables 5-2 and 5-3 
summarize percentage of flow from each land use category 
contributing to each meter location for current and future 
conditions, respectively. Although none of the tributary sub areas 
flowing to the meter locations are comprised of a single land use 
category, several are dominated by one or two categories, and are 
thus selected as being representative to the diurnal flow patterns 
for those land uses.  Based on this table, the following diurnal 
patterns were used for the modeled peak flow evaluation. 
 

• Flow at meter location 8  :  Single Family Residential 
(SFR). 

 

• Flow at meter location 7  :  Multi-Family Residential (MFR). 
 

• Flow at meter location 6  :  Commercial / Industrial. 
 

• Flow at meter location 9  :  UCR. 
 
These representative diurnal hydrographs are shown in Figures 
15-18.  The flow patterns are used in the model to estimate for 
each land use type; the percentage of Average Dry Weather Flow 
(ADWF) contributed at specific times throughout the day. 
 
Figure 19 graphically depicts the existing and future conditions 
and illustrates the increasing influence of UCR-contributed flows. 
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METER LOCATION Current Trib. Vacant Total Current Peak

Area Area Area Flow

(ac) (ac) (ac) (cfs) (cfs) % (cfs) % (cfs) % (cfs) %

8 MH-245 AT SPRUCE STREET 164 24                     189 0.278 0.278 100 0.000 0 0.000 0 0.000 0

7 MH-224 AT SPRUCE STREET 645 108                   753 2.924 2.047 70 0.877 30 0.000 0 0.000 0

9 &10 MH-996 AT UNIVERSITY AVE. 947 67                     1,014 3.679 1.253 34 0.384 10 0.000 0 2.042 56

5 MH-213 AT SPRUCE STREET 1,812 201                   2,012 7.870 2.854 36 2.299 29 0.674 9 2.042 26

2 MH-203 AT SPRUCE STREET 1,971 221                   2,192 8.945 2.854 32 2.355 26 1.694 19 2.042 23

3 MH-200 AT SPRUCE STREET 145 14                     159 1.806 1.353 75 0.378 21 0.075 4 0.000 0

4 MH-702 AT KANSAS AVE. 104 14                     118 1.250 1.223 98 0.027 2 0.000 0 0.000 0

6 MH-620 AT THIRD STREET 11 -                    11 0.126 0.000 0 0.051 41 0.075 59 0.000 0

1 MH-35 AT SWR LINE 59-18 2,249                251                   2,500 10.382 3.459 33 2.836 27 2.046 20 2.042 20

METER LOCATION Current Trib. Vacant Future Trib Future Peak

Area Area Area Flow

(ac) (ac) (ac) (cfs) (cfs) % (cfs) % (cfs) % (cfs) %

8 MH-245 AT SPRUCE STREET 164 24                     189 0.331 0.331 100 0.000 0 0.000 0 0.000 0

7 MH-224 AT SPRUCE STREET 645 108                   753 3.207 2.320 72 0.887 28 0.000 0 0.000 0

9 &10 MH-996 AT UNIVERSITY AVE. 947 67                     1,014 5.842 1.490 26 0.552 9 0.000 0 3.800 65

5 MH-213 AT SPRUCE STREET 1,812 201                   2,012 10.464 3.217 31 2.773 26 0.674 6 3.800 36

2 MH-203 AT SPRUCE STREET 1,971 221                   2,192 11.624 3.217 28 2.912 25 1.694 15 3.800 33

3 MH-200 AT SPRUCE STREET 145 14                     159 2.070 1.610 78 0.385 19 0.075 4 0.000 0

4 MH-702 AT KANSAS AVE. 104 14                     118 1.490 1.456 98 0.034 2 0.000 0 0.000 0

6 MH-620 AT THIRD STREET 11 -                        11 0.126 0.000 0 0.051 41 0.075 59 0.000 0

1 MH-35 AT SWR LINE 59-18 2,249 251                   2,500 13.478 3.866 29 3.766 28 2.046 15 3.800 28

Note:

  Residential peak flow was determined by population rather than landuse because of demographics of the area.

Abbreviations:

  Trib. Area - Tributary Area

  ac - Acre

  cfs - Cubic feet per second.

  UCR - University of California, Riverside.

  SWR - Sewer

  AVE. - Avenue

Table 5-3

Future(2015) Peak Flow and Percentage Contribution from Different Land Use Categories

Table 5-2

Current(2001) Peak Flow and Percentage Contribution from Different Land Use Categories

Land Use Categories Peak Flows

Residential      Commercial      Industrial  UCR

Land Use Categories Peak Flows

     Residential       Commercial       Industrial   UCR

Table 5.2

Table 5.3
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Figure 15

Representative Diurnal Curve for Single Family Residential (SFR)

Meter Location 8
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Figure 16

Representative Diurnal Curve for Multi-Family Residential (MFR)

Meter Location 7
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Figure 17

Representative Diurnal for Commercial and Industrial

Meter Location 6

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour

P
e
a
k
 F

a
c
to

r

 

Nov. 26, 2001

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxA-Spruce Report.pdf



Figure 18

Representative Diurnal Curve for UCR

Meter Locations  9 and 10
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Figure 19

Existing and Ultimate Flow Contributions from Various Land Uses

Meter Location 1
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6.0  COMPUTER MODEL SIMULATION ANALYSIS 
 
 
 
 6.1 Methodology 
  

Capacity analysis involved evaluation of the available capacity in 
the existing collection system under present and future 
development conditions.  Based on results of the analysis, phased 
facility improvements were identified to allow for projected growth 
within the service area.  
 
This Section describes the analytical methodology and hydraulic 
model development, and summarizes the results of the analyses. 

 
The principal tool utilized in the capacity analysis was a hydraulic 
model that simulates flow conditions using demand and piping 
characteristic input data.  With this input information, the model is 
able to output sewage depth of flow, rate of flow, and velocity of 
flow, within selected pipes and manholes during different times of 
the day.  The model selected for use in this study is XP-SWMM 
(XP Software, Version 8.0); this modeling software belongs to a 
class of software referred to as “dynamic wave models”.  These 
types of models provide an accurate simulation of hydraulic flow 
conditions over an extended period of time. 
 
Data required to create the model include information describing 
the physical wastewater collection system, such as pipe diameters 
and reach lengths, manhole invert elevations, and estimated pipe 
roughness coefficients.  Additionally, data describing the sewage 
loading at selected manholes, expressed as a varying flow rate 
over time (i.e. a diurnal curve), must be provided.  Model output 
consists of a variety of hydraulic parameters, most importantly 
peak flow depths and discharge rates.  
 
Calibration of the model consisted of simulating existing sewer 
flow conditions and comparing the modeled and recorded flows at 
the meter locations.  The assumed diurnal curves that serve as 
input to the model were iteratively adjusted until the simulated and 
recorded sewage flow hydrographs achieved reasonable 
agreement.      

 
Simulations of future sewage flow conditions were performed by 
developing input data sets that included sewage generation 
projections for the assumed ultimate conditions.  Pipe reaches in 
which simulated peak flows exceeded a specified trigger criteria 
were identified as potential improvement reaches.  Improvements 
required to provide adequate capacity for projected flows are then 
determined through an iterative modeling process.  The process 

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxA-Spruce Report.pdf



 

Spruce Street Sewer Capacity Study 
June 15, 2002 19   

    

consists of simulating flow conditions after increasing the diameter 
of downstream portions of the identified reaches.  In subsequent 
iterations, additional lengths of pipe are increased in diameter until 
the projected peak flow can be conveyed through the reach 
without exceeding the specified design flow criteria. 

 
 
 6.2 Limitations of Modeling 

 
The hydraulic model, which was utilized as the primary planning 
tool for the sewer capacity analysis, provides an accurate 
simulation of actual flow conditions within a sanitary sewer system 
in response to existing and future sewage loading.  The accuracy 
of the simulation, however, is directly related to the accuracy of 
the model input data, including physical parameters and sewage 
loading projections.  For example, in a case where roots had 
entered the pipeline, thereby causing a restriction of flow, the 
model would be unable to predict the reduction in flow through this 
obstruction.  Consequently, a general understanding of the data 
sources is critical in interpreting the modeling results.   
 
The physical parameters of the model, including pipe diameter, 
slope, and roughness coefficients were based principally on City 
database information.  Where this data appeared to be inaccurate, 
construction drawings were reviewed and the input data corrected. 
Network connectivity refers to the flow path followed by sewage 
within the sewer system.  The connectivity is a function of the 
relative slope of each sewer pipe and the relative invert elevations 
of the incoming and outgoing sewer pipes at manholes.  For 
example, a manhole may have two or more sewer pipes, which 
could convey flow away from the manhole.  If the invert (bottom) 
of one of these pipes is lower than the other, the downstream flow 
path at this manhole would follow the lower pipe. 
 
Sewage loading projections were based on calibrated flow rates.  
As previously described, flow rates used for calibration were 
based on actual monitored flows at key points in the trunk system 
over a 2-week period in November 2001.  This period included the 
Thanksgiving holiday as well as two weekends.  Additional flow 
anticipated to enter the sewer system due to wet weather 
infiltration was not considered, and is assumed to be 
accommodated by surplus hydraulic capacity in the pipelines or 
temporary dampening in the manholes. 
 
Since a degree of uncertainty exists in both the physical data and 
the sewage loading projections used as model inputs, reaches 
identified by model simulations as near or at capacity should be 
subject to additional engineering evaluation prior to improvement.  
Such evaluation may include field inspection, video monitoring, 
and flow metering. 
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7.0  CONCLUSIONS 
 

 
 7.1  Deficient and Marginally Deficient Pipes 

 
The City’s design criteria for sewer lines allows pipes to flow at a 
ratio of 75% of “full” hydraulic capacity.  Assuming that “full” 
capacity is the maximum hydraulic capacity of a pipe flowing 
under gravity (non-pressure) conditions, Mannings equation 
shows that maximum flow occurs when a pipe reaches a flow 
depth ratio of about 95% d/D. 

 
Pipe reaches which fail the “75% full” criteria for both existing and 
future flow conditions are shown in Table 7-1 and Figures 20 and 
21.  It is seen that portions of the modeled trunk system are 
already flowing at greater than “75% full”, and several reaches are 
computed to be over 100% full (surcharge conditions).  At ultimate 
conditions, numerous additional reaches are shown to surcharge 
or exceed the “75% full” criteria. 
 
 

7.2  Project Prioritization Methodology 
    

The 75% full criteria is useful for analyzing deficient pipes and as 
a basis for sizing new facilities.  However, the criteria is not 
necessarily the trigger point for replacement or augmentation of 
an existing sewer line. 

 
In most cases, a sewer entity would not implement a relief project 
until capacity problems are actually observed or known to be 
imminent. 

 
 A recommended system of project prioritization is the 
categorization of deficient sewer lines in different priorities, where 
the “A” priority projects are imminently needed and the “B” and “C” 
projects require further considerations for replacement. Priority 
classifications are described as follows: 
 
Priority “A” – The pipes listed within this priority are currently 
deficient and are flowing more than 90% full under maximum flow 
condition. These pipes need immediate replacement. 
 
Priority “B” – The pipes listed in this priority would be flowing more 
than 90% full in the future under maximum flow condition. These 
pipes need evaluation as new development takes place in the 
tributary area. Flow monitoring of the pipes within 5 years might 
be considered and the priority ranking re-evaluated. 
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Priority “C” – The pipes listed under this priority would be flowing 
between 75% to 90% full in future under maximum flow condition. 
Periodic flow monitoring or visual inspection should be considered 
for these pipes every five years. 
 

7.3  Improvement Plan for Problem Areas 
 

Table 7-3 lists project priority, project location, problem, solution 
and approximate cost for problem reaches.  This table identifies 
immediate and future problems in the sewer lines and suggested 
solutions for that. The approximate project cost is in year 2002. 

 
 
 

7.4  Grouping of Projects 
 

Proposed improvements under different priorities have been 
combined or grouped into projects to improve deficient and 
marginally deficient pipes based on following criteria: 
 

• Pipes identified as either deficient (Priority A) or marginally 
deficient (Priority B), located geographically close to one 
another and requiring improvements within 1 to 5 years (year 
2002-2007) are grouped to reduce improvement costs. 

• Some pipe reaches identified as marginally deficient (Priority 
B) and marginally deficient in future (Priority C) are grouped 
together for the same reason as mentioned above. However, 
improvements of these reaches would not be required until 
approximately before year 2007. 

 
 
 
 

7.5  Construction Schedule  
 

A summary of proposed construction prioritization and 
recommended scheduling is shown in table 7-2. This table lists 
construction priorities and the year in which these pipes will flow 
90% full as per model run. The pipes falling under priority “A” need 
immediate replacement whereas priority “B” and “C” pipes would 
need re-evaluation before their replacement.  
 
 
 
 
 

 
7.6   Alternatives 

 
A surcharge condition exists in the pipes P25 and P35 for 
maximum flow conditions. The sewer lines within priority “A” need 
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Table 7-1

Sewer Analysis Results
Deficient Pipe Summary

(Existing and Ultimate Conditions)

Name
Diameter, 

ft

Slope 

(%)

Theoretical 

Full Flow 

Capacity 

(cfs)

Modeled 

Existing 

Max Flow 

(cfs)

Existing 

% Full

Modeled 

Future Max 

Flow (cfs)

Future % 

Full

Replacement 

Diameter (ft)

Theoretical 

New "Full" 

Flow Capacity 

(cfs
)1

Theoretical 

New % Full

            P25 1.50 0.53 7.63 7.45    98%    9.94      130%     1.67    15.80    63%    
            P35 1.50 0.53 7.66 7.45    97%    9.94      130%     1.67    15.87    63%    
            P36 3.00 0.23 31.78 7.45    23%    9.94      31%     
            P48 3.00 0.22 30.98 7.45    24%    9.94      32%     
            P51 1.25 4.25 13.27 8.02    60%    9.44      71%     
            P52 1.50 0.72 8.89 6.78    76%    9.15      103%     1.75    14.45    63%    
            P59 1.50 0.74 9.01 6.78    75%    9.15      101%     1.75    14.65    62%    
            P65 0.83 0.66 1.75 0.28    16%    0.30      17%     
            P73 0.83 0.36 1.30 0.28    21%    0.30      23%     
            P78 1.50 0.76 9.16 6.78    74%    9.15      100%     1.75    14.89    61%    
            P90 0.83 1.30 2.46 0.28    11%    0.30      12%     
            P93 1.50 0.72 8.90 6.78    76%    9.15      103%     1.75    14.46    63%    
            P94 0.83 0.61 1.69 0.28    16%    0.30      18%     
            P97 1.50 0.72 8.89 6.78    76%    9.15      103%     1.75    14.45    63%    
            P98 0.83 0.49 1.52 0.28    18%    0.30      20%     
           994a 1.25 2.00 9.11 2.03    22%    3.48      38%     
           P105 1.50 0.72 8.90 6.78    76%    9.15      103%     1.75    14.47    63%    
           P110 0.83 1.44 2.59 0.28    11%    0.30      12%     
           P123 1.50 1.48 12.75 6.78    53%    9.16      72%     
           P124 0.83 0.49 1.52 0.28    18%    0.30      20%     
           P135 0.83 1.44 2.59 0.28    11%    0.30      12%     
           P144 1.50 1.48 12.76 6.78    53%    9.15      72%     
           P147 0.83 1.43 2.58 0.28    11%    0.30      12%     
           P156 1.50 1.40 12.41 6.78    55%    9.15      74%     
           P158 0.83 1.44 2.59 0.28    11%    0.30      12%     
           P161 0.83 1.74 2.85 0.28    10%    0.30      11%     
           P166 1.50 2.18 15.47 6.78    44%    9.15      59%     
           P177 0.83 1.64 2.76 0.28    10%    0.30      11%     
           P190 0.83 1.53 2.67 0.28    10%    0.30      11%     
           P191 1.50 1.70 13.67 6.78    50%    9.15      67%     
           P193 1.50 1.79 14.00 6.78    48%    9.15      65%     
           P200 0.83 2.44 3.37 0.28    8%    0.30      9%     
           P203 1.50 2.67 17.12 6.78    40%    9.15      53%     
           P208 1.50 0.66 8.51 6.34    75%    8.50      100%     1.75    13.83    61%    
           P210 1.50 0.66 8.51 6.34    75%    8.50      100%     1.75    13.83    61%    
           P211 1.50 0.66 8.52 6.16    72%    8.31      97%     1.75    13.84    60%    
           P213 1.50 0.67 8.54 6.16    72%    8.31      97%     1.75    13.89    60%    
           P214 1.50 0.88 9.81 4.84    49%    6.84      70%     
           P215 1.50 0.89 9.89 4.84    49%    6.84      69%     
           P216 1.25 1.41 7.65 4.84    63%    6.85      89%     1.50    13.40    51%    
           P217 1.25 1.41 7.65 4.84    63%    6.84      89%     1.50    13.41    51%    
           P218 1.25 1.12 6.81 4.84    71%    6.85      100%     1.50    11.94    57%    
           P219 1.25 3.25 11.60 4.84    42%    6.84      59%     
           P222 1.25 0.88 6.03 2.11    35%    2.27      38%     
           P223 1.25 1.15 6.91 2.10    30%    2.27      33%     
           P224 1.25 1.74 8.50 2.10    25%    2.27      27%     
           P225 1.25 1.17 6.97 0.16    2%    0.18      3%     
           P226 0.83 2.66 3.52 0.16    4%    0.18      5%     
           P229 0.83 2.22 3.21 0.16    5%    0.18      5%     
           P231 0.83 2.72 3.56 0.16    4%    0.18      5%     
           P234 0.83 1.85 2.93 0.16    5%    0.18      6%     
           P235 0.67 2.31 1.85 0.16    8%    0.18      9%     
           P236 0.83 1.88 2.96 0.28    9%    0.30      10%     
           P237 0.67 6.55 3.12 0.18    6%    0.21      7%     
           P238 0.83 1.68 2.80 0.28    10%    0.30      11%     
           P239 0.67 2.30 1.85 0.16    8%    0.18      10%     
           P240 0.67 2.30 1.85 0.16    8%    0.18      10%     
           P241 0.67 2.26 1.83 0.16    9%    0.18      10%     
           P243 0.67 3.46 2.27 0.16    7%    0.18      8%     
           P244 0.67 3.61 2.31 0.16    7%    0.18      8%     
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Table 7-1

Sewer Analysis Results
Deficient Pipe Summary

(Existing and Ultimate Conditions)

Name
Diameter, 

ft

Slope 

(%)

Theoretical 

Full Flow 

Capacity 

(cfs)

Modeled 

Existing 

Max Flow 

(cfs)

Existing 

% Full

Modeled 

Future Max 

Flow (cfs)

Future % 

Full

Replacement 

Diameter (ft)

Theoretical 

New "Full" 

Flow Capacity 

(cfs
)1

Theoretical 

New % Full

           P245 0.67 3.30 2.21 0.16    7%    0.18      8%     
           P246 0.67 2.37 1.88 0.00    0%    0.00      0%     
           P260 0.83 0.53 1.57 0.18    12%    0.20      13%     
           P263 1.25 0.65 5.20 2.91    56%    4.80      92%     1.50    9.10    53%    
           P274 1.25 0.49 4.53 0.28    6%    0.30      7%     
           P278 0.83 0.56 1.62 0.18    11%    0.20      12%     
           P290 1.25 0.66 5.23 2.91    56%    4.81      92%     1.50    9.17    52%    
           P330 1.25 0.49 4.52 0.28    6%    0.30      7%     
           P341 0.83 0.51 1.54 0.18    12%    0.20      13%     
           P344 1.25 0.66 5.24 2.91    56%    4.84      92%     1.50    9.19    53%    
           P384 1.25 0.47 4.41 0.28    6%    0.30      7%     
           P386 0.83 5.69 5.15 0.18    4%    0.20      4%     
           P395 1.25 0.66 5.24 2.91    56%    4.86      93%     1.50    9.18    53%    
           P449 1.25 0.66 5.23 2.91    56%    4.86      93%     1.50    9.16    53%    
           P464 1.00 1.14 3.79 0.28    7%    0.30      8%     
           P465 0.83 1.10 2.26 0.18    8%    0.20      9%     
           P469 0.83 0.56 1.61 0.18    11%    0.20      13%     
           P499 1.25 0.66 5.24 2.91    56%    4.86      93%     1.50    9.19    53%    
           P526 0.83 0.94 2.09 0.46    22%    0.51      24%     
           P541 1.00 2.24 5.31 2.91    55%    4.86      92%     1.25    10.38    47%    
           P564 1.00 2.13 5.18 2.91    56%    4.86      94%     1.25    10.12    48%    
           P574 0.83 0.50 1.53 0.46    30%    0.51      33%     1.00    2.71    19%    
           P605 1.00 2.16 5.22 2.91    56%    4.86      93%     1.25    10.20    48%    
           P614 0.83 0.53 1.57 0.46    29%    0.51      32%     
           P615 0.83 1.37 2.52 0.10    4%    0.10      4%     
           P616 0.83 2.22 3.25 0.10    3%    0.10      3%     
           P617 0.83 2.00 3.08 0.10    3%    0.10      3%     
           P618 0.83 1.14 2.31 0.10    4%    0.10      4%     
           P619 0.83 1.14 2.30 0.10    4%    0.10      4%     
           P620 0.83 1.10 2.26 0.10    4%    0.10      4%     
           P621 0.83 1.64 2.79 0.00    0%    0.00      0%     
           P622 0.83 1.64 2.79 0.00    0%    0.00      0%     
           P623 1.00 1.83 4.79 0.44    9%    0.70      15%     
           P624 1.25 1.45 7.75 2.47    32%    4.16      54%     
           P687 0.83 0.60 1.67 0.44    26%    0.70      42%     
           P700 1.50 0.32 5.91 2.47    42%    4.17      71%     
           P702 0.67 1.80 1.63 0.38    24%    0.43      26%     
           P735 0.83 0.50 1.53 0.44    29%    0.70      46%     
           P769 1.50 0.32 5.94 2.47    42%    4.18      70%     
           P779 0.67 1.06 1.25 0.00    0%    0.00      0%     
           P799 1.00 0.20 1.59 0.44    28%    0.70      44%     
           P830 1.50 0.32 5.91 2.47    42%    4.18      71%     
           P839 1.50 0.25 5.24 2.47    47%    4.18      80%     1.75    8.51    49%    
           P841 1.00 0.20 1.59 0.44    28%    0.70      44%     
           P852 0.67 1.05 1.25 0.00    0%    0.00      0%     
           P900 1.00 0.20 1.59 0.88    56%    1.39      88%     1.25    3.10    45%    
           P902 0.67 0.53 0.88 0.00    0%    0.00      0%     
           P908 1.50 0.43 6.84 2.03    30%    3.48      51%     
           P933 1.00 0.20 1.59 0.88    56%    1.39      88%     1.25    3.10    45%    
           P934 1.00 0.20 1.57 0.88    56%    1.39      89%     1.25    3.10    45%    
           P969 1.50 0.45 6.99 2.03    29%    3.48      50%     
           P972 0.83 0.56 1.62 0.88    55%    1.39      86%     1.00    2.86    49%    
           P974 1.50 0.47 7.15 2.03    28%    3.48      49%     
           P993 1.50 0.44 6.96 2.03    29%    3.48      50%     
           P994 0.83 0.76 1.90 0.88    46%    1.39      73%     
           P995 1.00 1.85 4.83 2.46    51%    3.33      69%     
           P996 1.00 2.26 5.33 2.46    46%    3.32      62%     
           P997 1.00 1.50 4.35 2.46    57%    3.32      76%     1.25    8.50    39%    
           P998 1.00 1.85 4.83 2.46    51%    3.33      69%     
           P999 1.00 1.50 4.34 2.46    57%    3.32      76%     1.25    8.49    39%    
          P1000 1.00 1.50 4.35 2.46    57%    3.32      76%     1.25    8.50    39%    
          P1001 1.00 1.87 4.85 2.46    51%    3.33      69%     
          P1002 1.00 1.85 4.83 2.46    51%    3.33      69%     
          P1003 1.00 1.52 4.37 2.46    56%    3.32      76%     1.25    8.55    39%    
          P1013 1.00 1.85 4.83 2.46    51%    3.34      69%     
          P1014 1.00 1.85 4.83 2.46    51%    3.34      69%     
          P1015 0.83 1.56 2.69 0.46    17%    1.57      58%     
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Table 7-1

Sewer Analysis Results
Deficient Pipe Summary

(Existing and Ultimate Conditions)

Name
Diameter, 

ft

Slope 

(%)

Theoretical 

Full Flow 

Capacity 

(cfs)

Modeled 

Existing 

Max Flow 

(cfs)

Existing 

% Full

Modeled 

Future Max 

Flow (cfs)

Future % 

Full

Replacement 

Diameter (ft)

Theoretical 

New "Full" 

Flow Capacity 

(cfs
)1

Theoretical 

New % Full

          P1016 0.67 10.52 3.95 0.46    12%    1.57      40%     
          P1017 0.67 1.38 1.43 0.46    32%    1.57      110%     0.83    2.73    57%    
          P1018 0.67 1.45 1.47 0.46    32%    1.57      107%     0.83    2.80    56%    
          P1019 0.67 1.45 1.47 0.46    32%    1.57      107%     0.83    2.80    56%    
          P1020 0.67 1.46 1.47 0.46    31%    1.57      106%     0.83    2.81    56%    
          P1021 0.67 1.45 1.47 0.46    32%    1.57      107%     0.83    2.80    56%    
          P1022 1.00 1.08 3.69 2.46    67%    3.34      90%     1.25    7.21    46%    
          P1023 0.67 1.69 1.58 0.32    20%    1.42      90%     0.83    3.02    47%    
          P1024 1.25 0.50 4.53 2.78    61%    4.82      106%     1.50    7.94    61%    
          P1025 0.67 1.68 1.58 0.32    20%    1.42      90%     0.83    3.02    47%    
          P1026 1.25 1.42 7.68 2.66    35%    4.67      61%     
          P1027 1.25 0.51 4.60 2.66    58%    4.43      96%     1.50    8.06    55%    
          P1028 0.67 1.71 1.59 0.32    20%    1.43      90%     0.83    3.04    47%    
          P1029 1.25 0.51 4.60 2.66    58%    4.41      96%     1.50    8.06    55%    
          P1030 1.25 0.54 4.73 2.66    56%    4.40      93%     1.50    8.30    53%    
          P1031 0.67 1.69 1.58 0.32    20%    1.44      91%     0.83    3.02    48%    
          P1032 1.25 0.51 4.60 2.66    58%    4.38      95%     1.50    8.06    54%    
          P1033 0.67 1.66 1.57 0.32    20%    1.45      92%     0.83    3.00    48%    
          P1034 0.67 1.67 1.58 0.32    20%    1.46      93%     0.83    3.01    49%    
          P1035 0.67 1.66 1.57 0.32    20%    1.47      93%     0.83    3.00    49%    
          P1036 0.67 3.43 2.25 0.12    5%    0.43      19%     
          P1037 0.67 1.13 1.29 0.12    9%    0.38      29%     
          P1040 0.67 0.25 0.61 0.12    20%    0.38      62%     
          P469a 1.00 1.39 4.18 0.28    7%    0.30      7%     
          P841a 1.00 0.20 1.59 0.44    28%    0.70      44%     
         P1022a 0.67 3.13 2.16 0.32    15%    1.68      78%     0.83    4.11    41%    
         P1040a 0.67 1.15 1.31 0.12    9%    0.38      29%     

1.  n value in Manning's equation for a PVC pipe is assumed 0.013 , per manufacturer's request.
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Table 7-2

Proposed Construction Prioritization and Schedule

Pipe Name Existing % Full Future % Full Priority

Approximate 

Replacement Year 

(Flowing 90% Full)
            P25 98%    130%     A 2002
            P35 97%    130%     A 2002
            P36 23%    31%     
            P48 24%    32%     
            P51 60%    71%     

            P52 76%    103%     B 20021

            P59 75%    101%     B 20021

            P65 16%    17%     
            P73 21%    23%     

            P78 74%    100%     B 20021

            P90 11%    12%     

            P93 76%    103%     B 20021

            P94 16%    18%     

            P97 76%    103%     B 20021

            P98 18%    20%     
           994a 22%    38%     

           P105 76%    103%     B 20021

           P110 11%    12%     
           P123 53%    72%     
           P124 18%    20%     
           P135 11%    12%     
           P144 53%    72%     
           P147 11%    12%     
           P156 55%    74%     
           P158 11%    12%     
           P161 10%    11%     
           P166 44%    59%     
           P177 10%    11%     
           P190 10%    11%     
           P191 50%    67%     
           P193 48%    65%     
           P200 8%    9%     
           P203 40%    53%     
           P208 75%    100%     B 2010
           P210 75%    100%     B 2010
           P211 72%    97%     B 2010
           P213 72%    97%     B 2010
           P214 49%    70%     
           P215 49%    69%     

           P216 63%    89%     C 20102

           P217 63%    89%     C 20102

           P218 71%    100%     B 2010
           P219 42%    59%     
           P222 35%    38%     
           P223 30%    33%     
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Table 7-2

Proposed Construction Prioritization and Schedule

Pipe Name Existing % Full Future % Full Priority

Approximate 

Replacement Year 

(Flowing 90% Full)

           P224 25%    27%     
           P225 2%    3%     
           P226 4%    5%     
           P229 5%    5%     
           P231 4%    5%     
           P234 5%    6%     
           P235 8%    9%     
           P236 9%    10%     
           P237 6%    7%     
           P238 10%    11%     
           P239 8%    10%     
           P240 8%    10%     
           P241 9%    10%     
           P243 7%    8%     
           P244 7%    8%     
           P245 7%    8%     
           P246 0%    0%     
           P260 12%    13%     
           P263 56%    92%     B 2015
           P274 6%    7%     
           P278 11%    12%     
           P290 56%    92%     B 2015
           P330 6%    7%     
           P341 12%    13%     
           P344 56%    92%     B 2015
           P384 6%    7%     
           P386 4%    4%     
           P395 56%    93%     B 2015
           P449 56%    93%     B 2015
           P464 7%    8%     
           P465 8%    9%     
           P469 11%    13%     
           P499 56%    93%     B 2015
           P526 22%    24%     
           P541 55%    92%     B 2015
           P564 56%    94%     B 2015
           P574 30%    33%     
           P605 56%    93%     B 2015
           P614 29%    32%     
           P615 4%    4%     
           P616 3%    3%     
           P617 3%    3%     
           P618 4%    4%     
           P619 4%    4%     
           P620 4%    4%     
           P621 0%    0%     
           P622 0%    0%     
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Table 7-2

Proposed Construction Prioritization and Schedule

Pipe Name Existing % Full Future % Full Priority

Approximate 

Replacement Year 

(Flowing 90% Full)

           P623 9%    15%     
           P624 32%    54%     
           P687 26%    42%     
           P700 42%    71%     
           P702 24%    26%     
           P735 29%    46%     
           P769 42%    70%     
           P779 0%    0%     
           P799 28%    44%     
           P830 42%    71%     
           P839 47%    80%     C
           P841 28%    44%     
           P852 0%    0%     
           P900 56%    88%     C
           P902 0%    0%     
           P908 30%    51%     
           P933 56%    88%     C
           P934 56%    89%     C
           P969 29%    50%     
           P972 55%    86%     C
           P974 28%    49%     
           P993 29%    50%     
           P994 46%    73%     
           P995 51%    69%     
           P996 46%    62%     
           P997 57%    76%     C
           P998 51%    69%     
           P999 57%    76%     C
          P1000 57%    76%     C
          P1001 51%    69%     
          P1002 51%    69%     
          P1003 56%    76%     C
          P1013 51%    69%     
          P1014 51%    69%     
          P1015 17%    58%     
          P1016 12%    40%     
          P1017 32%    110%     B 2015
          P1018 32%    107%     B 2015
          P1019 32%    107%     B 2015
          P1020 31%    106%     B 2015
          P1021 32%    107%     B 2015
          P1022 67%    90%     B 2015
          P1023 20%    90%     B 2015
          P1024 61%    106%     B 2010
          P1025 20%    90%     B 2015
          P1026 35%    61%     
          P1027 58%    96%     B 2015

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxA-Spruce Report.pdf



Table 7-2

Proposed Construction Prioritization and Schedule

Pipe Name Existing % Full Future % Full Priority

Approximate 

Replacement Year 

(Flowing 90% Full)

          P1028 20%    90%     B 2015
          P1029 58%    96%     B 2015
          P1030 56%    93%     B 2015
          P1031 20%    91%     B 2015
          P1032 58%    95%     B 2015
          P1033 20%    92%     B 2015
          P1034 20%    93%     B 2015
          P1035 20%    93%     B 2015
          P1036 5%    19%     
          P1037 9%    29%     
          P1040 20%    62%     
          P469a 7%    7%     
          P841a 28%    44%     

         P1022a 15%    78%     C 20102

         P1040a 9%    29%     

Project Priorities

Priority A >90% Full Flow in Existing Model
Priority B >90% Full Flow in Future Model
Priority C >75% Full and <90% Full Flow in Future Model

Note:

1. Although pipes P52, P59, P78, P93, P97 and P105 are flowing more than 75% full but not more than 90% 
full, it would be advantageous to replace these pipes in conjunction with adjacent priority "A" pipes.
2. Although pipes P216, P217, P1022a would not be flowing 90% full, these are proposed to be under priority 
"B" to maintain continuity and maintain efficiency of improvements.
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Table 7-3

Improvement Plan for Problem Areas

Priority No. Location From / To Problem Solution

Total Project 

Cost (2002$'s)

A Spruce Street 
East of Kansas 
Ave., Sewer 
easement east 
of Northbend St.

Manhole 105-48 Immediate Capacity 
Problem in the reach 35-
18 due to flat slopes, 
Future Capacity Problem 
in reach 105-51 due to 
flat slopes and 
increasing flow from 
UCR , surcharge within 
manholes 35,25 and 18

Replace existing pipes P105 and P97 with a 
21" PVC pipe, new 21" PVC pipe in the reach 
93-84, replace pipes P84, P77,P69, P61 and 
P56 with an 18" PVC pipe and connect 
reaches 45-48 with a 21" PVC pipe.

$686,500

B Spruce Street, 
Chicago Ave., 
University Ave.

Manhole 218-215, 
Manhole 213-203, 
Manhole 624- 219, 
Manhole 1032-1022, 
Manhole 1022-1014, 
Manhole 1022-1016

Future Capacity Problem 
due to increased flow in 
the system. Main 
contributor will be UCR.

Replace future deficient pipes with PVC 
pipes. See table 7-6 for replacement 
diameter of pipes. A flow monitoring within 5 
years should be considered to re-evaluate 
the system.

$2,199,200

C Chicago Ave., 
University Ave.

Manhole 1003-996, 
Manhole 972-839

Future Capacity Problem 
due to increased flow in 
the system. Main 
contributor will be UCR.

Replace future deficient pipes with PVC 
pipes. See table 7-7 for replacement 
diameter of pipes. Visual inspection of the 
system and inspection every five years 
should be done. 

$450,000
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replacement at the earliest possible time. Two alternatives were 
considered to replace these currently deficient pipes. Alternative 1 
features replacement of pipes P25 and P35 by pipe bursting and 
replacement of pipes P105, P97, P93, P78, P59 and P52 by open 
trench cutting. Pipe bursting was considered for reach 35-18 due 
to its proximity to freeway, access problems and pipeline running 
close to back yard fences of houses in that reach. Total cost of 
this alternative is $822,200. See figure 22 for pipe layout exhibit 
and table 7-4 for approximate cost estimate. Alternative 2 features 
diversion of wastewater flow from Spruce Street Trunk Sewer 
along Spruce Street, the sewer easement and finally connecting to 
the 36-inch trunk sewer line along Fairmount Boulevard. These 
pipes are proposed to be replaced by conventional open trench 
cutting. Additional sewer easement would be required in the reach 
69-56 to accommodate new sewer line. See figure 23 for pipe 
layout exhibit and table 7-5 for approximate cost estimate. 

 
7.7   Cost Estimate  

Unit costs of pipes are based on rates obtained from the 
contractors over telephone, bid prices for similar projects and from 
web site www.get-a-quote.net. The cost of construction includes 
labor, materials, excavation, backfill and all other items associated 
with pipe laying. To estimate total cost, cost of mobilization / 
demobilization (7%), traffic control (7%), bond (1%), contractor’s 
profit (15%) and construction contingency (20%) is added to the 
cost of construction. For priorities “B” and “C”, the cost estimate is 
based on current year prices and no escalation has been added to 
estimate future cost.  Following is the summary of cost for the 
various priorities. See tables 7-4, 7-5, 7-6 and 7-7 for a breakdown 
of these costs. 
 

• Priority “A”, Alternative 1 -  $822,200 

• Priority “A”, Alternative 2 -  $686,500 

• Priority “B”                        - $2,200,000 

• Priority “C”                        - $450,000 
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Table 7-4

Cost Estimate For Priority "A" Projects (Alternative 1)

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
Approx Total 

Cost(2002 $'s)

Reach 35-18 Replace Pipe P35 by pipe bursting 18 20 LF 440 $400 $176,000
(Parallel to Fwy) Replace Pipe P25 by pipe bursting 18 20 LF 447 $400 $178,800

Reach 105-51 Replace pipe P105 18 21 LF 248 $110 $27,280
(Spruce St./Main St) Replace pipe P97 18 21 LF 62 $110 $6,820

Replace pipe P93 18 21 LF 326 $110 $35,860
Replace pipe P78 18 21 LF 218 $110 $23,980
Replace pipe P59 18 21 LF 169 $110 $18,590
Replace pipe P52 18 21 LF 25 $110 $2,750

Replace Manholes EA 10 $3,000 $30,000
Drainage Ditch Rehabilitation LS $25,000

Reconnect sewer laterals EA 4 $500 $2,000

Total = $527,080

Mobilization / Demobilization (7%) $36,896
Traffic Control (7%) $36,896
Bond (1%) $5,271
Contractor's Profit(15%) $79,062

Subtotal: $685,204

Construction Contingency(20%) $137,041

Total Cost $822,245
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Table 7-5

Cost Estimate For Priority "A" Projects (Alternative 2)

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
Approx Total 

Cost(2002 $'s)

Reach 105-48 Replace pipe P105 18 21 LF 248    $110 $27,280
(Spruce St.) Replace pipe 97 18 21 LF 62    $110 $6,820

New Pipe (MH93 - MH84) 21 LF 430    $110 $47,300
Replace pipe P84 8 18 LF 201    $95 $19,095
Replace pipe P77 8 18 LF 218    $95 $20,710
Replace pipe P69 8 18 LF 220    $95 $20,900
Replace pipe P61 8 18 LF 127    $95 $12,065
Replace pipe P56 8 18 LF 297    $95 $28,215

New pipe (MH45 - MH48) 21 LF 38    $110 $4,180
Rehab / Replace Manhole EA 12 $3,000 $36,000
Reconnect Sewer Laterals EA 35 $500 $17,500
Land Acquisition for Sewer 

Easement LS $200,000

Total = $440,065

Mobilization / Demobilization (7%) $30,805
Traffic Control (7%) $30,805
Bond (1%) $4,401
Contractor's Profit(15%) $66,010

Subtotal: $572,085

Construction Contingency(20%) $114,417

Total Cost $686,501
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Table 7-6

Cost Estimate For Priority "B" Projects (Replace Future Deficient Pipe)

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
Approx Total 

Cost (2002$'s)

Spruce Street Replace Pipe P208 18 21 LF 138    $110 $15,180

Replace Pipe P210 18 21 LF 177    $110 $19,470

Replace Pipe P211 18 21 LF 348    $110 $38,280

Replace Pipe P213 18 21 LF 400    $110 $44,000

Replace Pipe P216 15 18 LF 388    $95 $36,860

Replace Pipe P217 15 18 LF 269    $95 $25,555

Replace Pipe P218 15 18 LF 269    $95 $25,555

Rehab / Replace Manhole EA. 12 $3,000 $36,000

Reconnect Sewer Laterals EA. 6 $500 $3,000

Jack and bore for railroad crossing -Pipe211 LF 348    $900 $313,200

Chicago Ave. Replace Pipe P263 15 18 LF 315    $95 $29,925

Replace Pipe P290 15 18 LF 315    $95 $29,925

Replace Pipe P344 15 18 LF 330    $95 $31,350

Replace Pipe P395 15 18 LF 366    $95 $34,770

Replace Pipe P449 15 18 LF 274    $95 $26,030

Replace Pipe P499 15 18 LF 250    $95 $23,750

Replace Pipe P541 12 15 LF 238    $90 $21,420

Replace Pipe P564 12 15 LF 162    $90 $14,580

Replace Pipe P605 12 15 LF 367    $90 $33,030

Rehab / Replace Manhole EA. 17 $3,000 $51,000

Reconnect Sewer Laterals EA. 18 $500 $9,000

University Ave. Replace Pipe P1017 8 10 LF 311    $80 $24,880

Replace Pipe P1018 8 10 LF 347    $80 $27,760

Replace Pipe P1019 8 10 LF 249    $80 $19,920

Replace Pipe P1020 8 10 LF 89    $80 $7,120

Replace Pipe P1021 8 10 LF 253    $80 $20,240

Replace Pipe P1022 12 15 LF 105    $90 $9,450

Replace Pipe P1023 8 10 LF 449    $80 $35,920

Replace Pipe P1024 15 18 LF 400    $95 $38,000

Replace Pipe P1025 8 10 LF 478    $80 $38,240

Replace Pipe P1027 15 18 LF 215    $95 $20,425

Replace Pipe P1028 8 10 LF 374    $80 $29,920

Replace Pipe P1029 15 18 LF 221    $95 $20,995

Replace Pipe P1030 15 18 LF 37    $95 $3,515

Replace Pipe P1031 8 10 LF 333    $80 $26,640

Replace Pipe P1032 15 18 LF 323    $95 $30,685

Replace Pipe P1033 8 10 LF 309    $80 $24,720

Replace Pipe P1034 8 10 LF 58    $80 $4,640

Replace Pipe P1035 8 10 LF 465    $80 $37,200

Replace Pipe P1022a 8 10 LF 39    $80 $3,120

Rehab / Replace Manhole EA. 35 $3,000 $105,000

Reconnect Sewer Laterals EA. 39 $500 $19,500

Total = $1,409,770
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Table 7-6

Cost Estimate For Priority "B" Projects (Replace Future Deficient Pipe)

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
Approx Total 

Cost (2002$'s)

Mobilization / Demobilization (7%) $98,684

Traffic Control (7%) $98,684

Bond (1%) $14,098

Contractor's Profit(15%) $211,466

Subtotal: $1,832,701

Construction Contingency(20%) $366,540

Total Cost $2,199,241
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Table 7-7

Cost Estimate For Priority "C" Projects (Replace Future Deficient Pipe)

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
ApproxTotal 

Cost(2002$'s)

Chicago Ave. Replace Pipe P839 18 21 LF 76    $110 $8,360
Replace Pipe P900 12 15 LF 330    $90 $29,700
Replace Pipe P933 12 15 LF 330    $90 $29,700
Replace Pipe P934 12 15 LF 17    $90 $1,530
Replace Pipe P972 10 12 LF 269    $85 $22,865
Rehab / Replace Manhole EA 9 $3,000 $27,000
Reconnect Sewer Laterals EA 28 $500 $14,000

University Ave. Replace Pipe P997 12 15 LF 389    $90 $35,010
Replace Pipe P999 12 15 LF 526    $90 $47,340
Replace Pipe P1000 12 15 LF 254    $90 $22,860
Replace Pipe P1003 12 15 LF 405    $90 $36,450
Rehab / Replace Manhole EA 7 $3,000 $21,000
Reconnect Sewer Laterals EA 28 $500 $14,000

Total = $295,815

Mobilization / Demobilization (7%) $20,707
Traffic Control (7%) $20,707
Bond (1%) $2,958
Contractor's Profit(15%) $20,707

Subtotal: $374,894

Construction Contingency(20%) $74,979

Total Cost of Construction $449,873
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Executive Summary  
 

ES.1 Introduction    
 
 This report presents the results of the Tequesquite Trunk Sewer System 

Capacity Study prepared by PBS&J for the City of Riverside. The report 
contains recommendations regarding system deficiencies as identified by 
hydraulic model XP-SWMM (XP Software, Version 2000). 

 
 The City of Riverside is located in the County of Riverside at the 

intersection of three major freeways; Route 91, Route 60 and Route 215. 
The study area encompasses approximately 13,000 acres of mixed land 
use development and is generally bounded by University of California 
(UCR) to the North, Tequesquite Avenue to the West, Van Buren 
Boulevard to the South and Freeway 215 to the East.  The study area is 
essentially a fully developed community, comprising single family 
residential, multi family residential, commercial and light industrial areas 
with vacant lands to be developed in the future. The areas not falling 
under the City’s jurisdiction are not part of this study. The vacant area 
designated as Industrial Business Park (IBP) in Sycamore Canyon Park 
Neighborhood would be one of the major contributors of future sewage 
flow to the system. 

 
ES.2     Existing Sewer System 
 
 
 The existing trunk sewer system within the study area is comprised of 

approximately 21.8 miles of gravity sewer main and 1.6 miles of force 
main. The gravity sewer main lines range in sizes from 8-inch to 42-inch 
in diameter and there are 397 manholes. These sewer lines are 
essentially VCP and the manholes are typically brick lined. The force 
main line is a 16-inch ductile iron pipe. The City of Riverside owns and 
operates the sewer system. 

 
ES.3     Methodology 
 
 For determination of current wastewater flows, flow monitoring was 

performed at five (5) strategic locations. These meter locations were 
chosen to observe actual flow characteristics for various sub areas with a 
distinct land use pattern within the study area. The flow monitoring was 
accomplished over a two-week period. The flow results were carefully 
evaluated for their accuracy and some adjustments were made based on 
depth of flow at meter locations. The readings at meter no. 2 were 
discarded for inconsistencies. The flow data received from the City for the 
Pepsi Plant, Ralph Storage Facility and Edgemont Community were also 
evaluated and used for flow calculation. 

 
 A theoretical estimate of current and future wastewater flow was 

estimated based on factors from the City of Riverside “Criteria for Sewer 
Facility Design”. Residential wastewater flow was determined by using 
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current and future projected population, whereas commercial and 
industrial flow was determined based on acreage and City estimated flow 
coefficients.  

 
 The Computer Model Simulation Analysis involved evaluation of available 

capacity in the existing collection system under present and future 
development conditions. Based on the results of model runs, system 
deficiencies were identified on a priority basis and a phased facility 
improvement plan was developed to allow for the projected growth within 
the study area.  

 
ES.4     Project Priorities and Cost 
 
 Deficient and marginally deficient pipes were identified from the results of 

model runs and were prioritized for replacement / re-habilitation purpose.  
The pipes that are currently flowing more than 90% full under modeled 
existing maximum flow conditions and needing near term (2004-2007) 
replacement / re-habilitations are grouped under priority “A”. The pipes 
that would flow more than 90% full in modeled years 2008-2013 under 
anticipated maximum future flow conditions are classified as priority “B”.  

 
The future development of IBP in the Sycamore Canyon Park Community 
would be a prominent source of wastewater generation. The existing 
trunk sewer system would require major replacement / re-habilitation to 
accommodate this anticipated flow. So, an alternative system was studied 
and recommended to divert flow through a “new” proposed trunkline 
system.  
 
This system would begin at the Central Avenue and Canyon Crest Drive 
intersection, move along Canyon Crest Drive, Martin Luther King 
Boulevard, Pennsylvania Avenue, Victoria Avenue and Cridge Street 
before joining the existing trunk sewer system west of Hwy 91. The future 
pipelines within this alternative, and existing pipes flowing more than 75% 
full under future maximum flow conditions are grouped under priority “C”. 
Some adjustment of priorities and combining of improvements was done 
for continuity and efficiency of improvements. 

 
 The time phased improvements for various priorities are listed in  

Table 7-2. The approximate cost of recommended improvements is 
summarized in Tables 7-7-A, 7-7-B and 7-7-C.  

 
 Under existing flow conditions, a total of 8,000 linear feet of priority “A” 

deficiencies were identified, requiring near term (2004-2007) attention. 
Additional deficiencies predicted under ultimate flow conditions (Priority 
“B”) include an additional 17,000 linear feet of inadequate sewer lines. 
The estimated capital cost to remedy these identified deficiencies (in year 
2003 $’s) is approximately $2,757,000 for Priority “A” and approximately 
$6,734,000 for Priority “B”. The total length of pipelines under Priority “C” 
would be approximately 24,000 feet and the cost of Priority “C” projects 
would be approximately $8,400,000. However, it may be that not all of the 
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Priority “B” and Priority “C” improvements will need to be actually 
implemented. Only those where surcharging (within manhole) and other 
problems are deemed imminent should be considered for improvement.  
Periodic flow monitoring is also recommended to verify anticipated 
deficiencies and need for improvements. The priorities are summarized in 
the table Ex-1: 

 
 
 
 

Table Ex-1 
Summary of Priorities  

  
Priority Approximate 

Pipeline 
Length (feet) 

Location Replacement 
Year 

Total 
Project 

Cost (year 
2003$’s) 

“A” 8,000 Tequesquite Avenue, Near Hwy 91, 
Victoria Country Club, Eastridge 
Avenue, 13th Street, 5th Street 

2004-2007 $2,757,000 

“B” 17,000 Tequesquite Avenue, Riverside 
Community College, Victoria 
Country Club, Trautwein Road, 
Eastridge Avenue 

2008-2013 $6,734,000 

“C” 24,000 Canyon Crest Drive, Martin Luther 
King Boulevard, Pennsylvania 
Avenue, Victoria Avenue, Cridge 
Avenue, Wood Road, Brockton 
Avenue 

2014-2018 $8,400,000 
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1.0 INTRODUCTION 
 
 
 
 
 

1.1 Background 
 

On May 12, 2003 the City of Riverside (City) retained PBS&J to 
prepare a Trunk Sewer System Study.  The study is necessitated 
by the fact that the City is experiencing sewer capacity issues 
along the Tequesquite Avenue Trunk Sewer Line and its other 
tributary sewers.  
 
 

1.2 Study Area  
 

The City of Riverside is located in the northwest corner of the 
County of Riverside at the intersection of three major freeways; 
Route 91, Route 60 and Route 215.  Founded in 1870, the City is 
known for its citrus industry, world famous Mission Inn and other 
historical monuments.  Figure-1 is a Vicinity Map depicting the 
City’s location and its accessibility.  Figure 2 shows the study 
area.  The study area shown in Figure 2 encompasses 
approximately 13,000 acres and is generally bounded by 
University of California (UCR) to the North, Tequesquite Avenue 
to the West, Van Buren Boulevard to the South and Freeway 215 
to the East. The areas not falling within City’s jurisdiction are not 
part of this study. For purpose of this study, the area has been 
divided into 29 tributary sub-areas, where downstream sub-areas 
intercept sewage flow from upstream sub-areas.  To obtain “real” 
flow information for this study, sewage flow meters were placed at 
strategic locations to monitor cumulative flows contributed from 
the tributary sub-areas.   
 
In general, the study area is considered to be a mature community 
comprised of single family residential, multi-family residential, 
commercial and light industrial uses.  The vacant area designated 
as Industrial Business Park in Sycamore Canyon Neighborhood 
would be one of the major contributors of future sewage flow 
within the study area.  Another area marked as Sycamore Canyon 
Park is a reserved area. 
 
 

1.3 Objective 
 

The objective of this Sewer System Capacity Study is to provide a 
comprehensive evaluation of the capacity of the sewer system 
within the study area, identify deficiencies in the current system, 
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and evaluate alternatives to enhance the conveyance capacity to 
accommodate ultimate wastewater flows anticipated to be 
generated in the study area. 
 
 
 

1.4 Scope and Study Approach 
 

Specific work tasks undertaken for this study are summarized as 
follows: 
 

• Kickoff Meeting 
 

An initial meeting was held between PBS&J and the City to 
discuss project scope, communication protocol, scheduling of 
flow monitoring dates and explanation of methodology 
involved, and field data and other digital files to be provided by 
the City. 

 

• Progress Meetings 
 

Informal Project Progress Meetings were held to discuss on 
going issues and progress of study. 
 

• Flow Monitoring and Hydrograph Development 
 

The sub-consultant, Downstream Services Inc, installed, 
maintained, and collected flow data from five (5) monitoring 
stations throughout the study area. They submitted the 
collected raw data in electronic/hard copy format to PBS&J.  
PBS&J then processed and reviewed this information and 
created a hydraulic database.  The City provided a copy of 
City’s General Plan for estimation of current and future flows.  
Other information like as-built plans of wastewater facilities 
were provided by the City as and when requested by PBS&J. 

 

• Model Development 
 

Model development included input data collection, conversion 
of data and calibration.  The City’s GIS staff made available 
data pertaining to roads, sewers, land use and other utilities in 
ArcView format on a CD.  As built plans for trunk line sewer 
were reviewed.  Data available from GIS system and as built 
plans were placed in a database system (MS Excel) as a pre-
processor for XP-SWMM model development. Calibration of 
model was done after construction of the model and additional 
data input. 
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• Draft Report 
 
Based on the calibrated model and City’s criteria for Sewer 
Facility Design, a Draft Report was prepared that summarizes 
existing and future capacity problems. Alternatives were 
suggested for additional or alternate sewer improvements 
along with probable costs.  The draft report was reviewed by 
the City personnel for their comments and suggestions.   
 

• Final Report 
 
Draft Report review comments from the City were incorporated 
into the Final Report along with any additional information or 
research in order to reflect a final level of study completion.  
The Final Report includes data and information assembled, 
alternatives evaluated, capital improvement recommendations 
to remediate anticipated deficiencies, and approximate cost.  
 

A comprehensive evaluation of the sewage collection system to 
accomplish the above-summarized scope entailed the following 
multi-step approach: 
 

• Review of as built plans provided by the City to determine 
system configuration, inverts, pipe sizes and slopes. 

• Use of detailed database provided by the City in Arcview 
format. 

• Creation of computer hydraulic model using existing sewer 
system to study project area. 

• Identification of flow monitoring station locations. 

• Identification of tributary areas contributing sewage flow to 
meter locations. 

• Installation of flow meters and monitoring of flows at the 
selected locations on continuous basis for two-week period. 

• Review of current land use in study area per GIS information 
from the City and determination of existing land use, 
population and vacant land. 

• Assessment of ultimate land use and projected population. 

• Review and evaluation of metered data from flow monitoring 
stations. 

• Development of flow coefficients and representative diurnal 
flow patterns based on typical curves for various land uses 
and observed flows from monitored sub areas which are 
dominated by a specific land use. 

• Modeling of sewer system, deficiency identification, and model 
simulation of remedial alternatives using above -mentioned 
information as input data. 

• Evaluation of alternatives, optimization, cost comparison. 

• Prioritization of recommended improvements, including 
identification of critical pipelines which need immediate 
attention. 
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• Draft Report and recommendations including phased 
improvements and costs. 

• Review by the City, comments and discussion. 

• Final Report 
 

2.0 LAND USE 
 
 

2.1 Existing Land Use 
 
Land use is the basis for estimating sewage flow from the majority 
of the study area.  The land use pattern for this study was 
developed from the GIS information provided by the City. Figure 3 
shows land use for the City portion of the study area based on the 
City’s “Land Use” GIS layer.  For the purpose of this study, land 
uses in the study area have been broadly classified into four 
categories: Single Family Residential (SFR), Multi Family 
Residential (MFR), Commercial and Industrial. Sycamore Canyon 
Park, which is marked as Public Facilities and Open Space is a 
non -flow generating area. Table 2-1 summarizes the areas within 
the study area that would generate wastewater flow. 
 
 

2.2 Industrial Business Park (IBP) 
 

The City has designated approximately 800 Acres of land to be 
developed as Industrial Business Park in Sycamore Canyon Park 
Community.  This area is north of Alessandro Boulevard and west 
of Freeway 215.  This area was designated to house a large 
shopping mall in addition to many business developments.  When 
fully developed, it would be a major contributor of sewage flow in 
the Tequesquite Trunk Sewer System. 

 
 

2.3 Proposed Land Use 
 
The study area is primarily a mature community. With the 
exception of the area designated as Industrial Business Park near 
the 215 Freeway, there is little vacant land remaining for future 
development.  The majority of the remaining growth is planned to 
take place as part of the Industrial Business Park development 
north of Alessandro Boulevard, along Sycamore Canyon 
Boulevard. It is assumed that the majority of vacant lots within the 
study area would be fully developed by year 2018.   
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Table 2-1 
Land Use that would produce Wastewater Flow within the Study Area 

(Acres) 
 
Category Existing 

(Year 
2003) 

Future 
(Year 
2018) 

Change 

Single-Family Residential 
(SFR) 

6,744 7,530 786 (11.7%) 

Multi-Family Residential 
(MFR) 

241 274 33 (13.9%) 

Commercial (Includes IBP) 849 2,191 1,342(158%) 
Industrial 54 60 6 (10.4%) 

    
The areas that are marked as reserved areas or open space public 
facilities in Figure 3 are not included in Table 2-1because of zero 
wastewater flow generation. Sycamore Canyon Park is a reserved area. 

 
. 
 
 

3.0  EXISTING SEWER SYSTEM 
 
 
 

3.1 System Overview 
 

As previously described the Tequesquite Trunk Sewer System 
Study covers approximately 13,000 acres, which has been divided 
into 31 tributary sub-areas (See Figure 8). The wastewater flow 
generated from a sub-area can be measured at a meter location 
or can be reasonably assessed based on land use plan of that sub 
area. The location of meter locations can be seen on Figure-4. 
The modeled gravity conveyance system is approximately 
115,000 linear feet (21.8 miles) of gravity sewer system, with pipe 
sizes varying from 8 inches to 42 inches in diameter (See Figure 
5).  The most of the gravity sewer lines within the system are 
vitrified clay (VCP). The force main sewer system, located in 
Trautwein Road and Alessandro Boulevard is a 16-inch ductile 
iron pipe and is approximately 8,200 feet (1.55 miles) in length. 
 

3.2 Collection System 
 

The wastewater generated within the study area flows in a 
northerly or westerly direction depending on general topography.  
The major trunk lines are along Wood Road, Trautwein Road, 
Alessandro Boulevard, Sycamore Canyon Boulevard, Central 
Avenue, Canyon Crest Country Club, Victoria Country Club, 
Market Street, Brockton Avenue and Tequesquite Avenue.  The 
trunk line in Wood Road accepts sewage flow from Single Family 
Residences north of Van Buren Boulevard.  The trunk line in 

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxB-Tequesquite Report.pdf



 

Tequesquite Trunk Sewer Study 
December, 2003 6   

    

Trautwein Road picks up flow from Orangecrest area north of Van 
Buren Boulevard. The trunk sewer line in Alessandro Boulevard 
conveys sewage flow generated by single-family residences north 
and south of Alessandro Boulevard and some multi family 
residences and commercial establishments at the intersection of 
Alessandro Boulevard and Mission Grove Parkway. The trunk 
sewer line in Sycamore Canyon Boulevard conveys almost all 
wastewater generated from the area between Alessandro 
Boulevard and Van Buren Boulevard, and from commercial and 
business park areas on both sides of Freeway 215. The trunk 
sewer line in Central Avenue conveys wastewater flow from 
Sycamore Highlands and Canyon Crest areas. Another trunk 
sewer line parallel to Central Avenue trunk lines runs through 
Canyon Crest Country Club and it re-joins the main trunk sewer 
line near Chicago Avenue. The trunk line in Victoria Country Club 
runs through a sewer easement inside the Golf Course and it 
conveys sewage flow coming out of Victoria Neighborhood. The 
sewer line in Riverside Community College (RCC) conveys 
sewage generated from RCC and other adjoining commercial and 
residential areas. The downtown sewer line along Market Street 
convey sewage flow from Riverside downtown area. Finally, the 
Tequesquite trunk sewer line accumulates total sewage flow 
generated from the entire study area and conveys it to the 
Wastewater Treatment Plant.    Pipe sizes, lengths, and number of 
manholes have been tabulated for major segments of the modeled 
trunk system (See Table 3-1). 

 
 
 

Table 3-1 
 

City of Riverside 
Summary of Modeled Sewer Lines within Study Area 

 
   

Location Pipe Dia. 
(Inches) 

Length 
(Feet) 

Number of 
Manholes 

Wood Road 8 705 4 
 10 806 3 
 12 4,716 13 
 18 2,656 11 
    
Trautwein Road 8 1,550 7 
 10 2,553 8 
 12 5,922 20 
 15 690 2 
 16 3,254 (Force Main) 
 18 565 2 
    
Alessandro Bl. 16 4,924 (Force Main) 
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Location Pipe Dia. 
(Inches) 

Length 
(Feet) 

Number of 
Manholes 

 18 6,665 16 
 24 521 1 
    
Sycamore Canyon Bl. 2-20 200 2 
 21 2,445 6 
 24 3,266 7 
 27 2,221 6 
 30 2,621 8 
 42 6,660 16 
    
Eastridge Avenue 10 733 3 
 12 1,352 4 
 15 1,738 6 
    
Central Avenue 21 3,424 9 
 24 7,953 14 
 33 172 1 
    
Canyon Crest 
Country Club 

12 392 3 

 15 2,734 14 
 18 3,467 9 
 21 677 3 
 24 501 2 
 27 4,767 23 
    
Chicago Avenue 8 1,000 2 
 10 546 2 
    
Victoria Country Club 18 1,251 8 
 21 7,221 20 
 24 1,205 6 
 27 739 3 
 33 2,253 6 
    
Riverside Community 
College 

18 372 2 

 24 1,478 9 
 27 2,858 15 
    
Downtown Area 8 7,296 34 
 10 1,615 8 
 12 3,275 14 
 14 33  
 15 4,453 22 
 18 248 3 
 21 761 3 
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Location Pipe Dia. 
(Inches) 

Length 
(Feet) 

Number of 
Manholes 

Tequesquite Avenue 15 97 2 
 21 654 3 
 24 314 2 
 27 3,717 15 
 30 73 1 
    

TOTAL  1,23,200 
(23.3 

miles) 

397 

       Approximate Gravity System Length: 115,000 feet 
       Approximate Force Main System Length: 8,200 feet 
 
 
 3.3 System Hydraulics  
    

The existing trunk sewer system, which is the subject of this 
evaluation, is shown on Figure-5. The sewer collection system 
was constructed over a period of years (possibly 60 plus years) as 
needed; to accommodate development within the City.  The GIS 
data and as-built plans provided by the City were studied to 
ascertain characteristics of the system.  The existing sewer 
manholes and sewer lines can be see in Figure-6 and Figure-7 
respectively. The sewer system, from upstream to downstream 
end, is briefly described as follows: 
 

• Wood Road Study Area Sewer Lines: The sewer line along 
Wood Road begins just north of Van Buren Boulevard with 
an 8-inch diameter line flowing north.  At manhole No. 232 
(M232) it picks up flow coming from a 10-inch sewer line 
flowing northwest along reach M238 to M232.  Beginning 
at M232 a 12-inch line picks up flow from these two sewer 
reaches and continues north of John Kennedy Drive at 
M218.  North of M218 the size of sewer line changes to 18-
inch till M207 where it joins another trunk line north of 
Zomora Way.  Sewage flow in Wood Road sewer line is in 
northerly direction till M206, which is a lift station.  From 
this location, sewage is pumped through a force main line, 
that is described seperately. 

 

• Trautwein Road Study Area Sewer Line: Trautwein Road 
sewer lines may broadly be divided in two parts, one 
flowing in northwesterly direction beginning north of Van 
Buren Boulevard and other flowing in southeasterly 
direction beginning north of Alessandro Boulevard.  An 8-
inch sewer line beginning north of Van Buren Boulevard at 
M277 picks up flow from the Orangecrest neighborhood.  
The size of this line changes to a 10-inch line north of 
M271.  This line meets another 12-inch line coming in 
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southeasterly direction at M241.  Thereafter, the flow is in 
westerly direction to the lift station at M206. 

 
The second 12-inch trunk sewer line in Trautwein Road 
begins at M253 at Alessandro Boulevard and continues 
west till the intersection of Trautwein Road and Alessandro 
Boulevard (M250).  Then a 12-inch line continues in 
southeasterly direction till M241, which is the confluence 
point of these two study sewers in Trautwein Road.  From 
M241, an 18-inch sewer line continues in westerly direction 
to M206, which is a lift station. 

 
 

• Alessandro Boulevard Study Area Sewer Line: The 18-inch 
gravity sewer lines along Alessandro Boulevard begins at 
M205 at Barton Street and continues in easterly direction 
towards the intersection of Alessandro Boulevard and 
Sycamore Canyon Boulevard.  The sewage flow from 16-
inch force main line along Alessandro Boulevard 
discharges into M205 and thereafter it flows by gravity in 
easterly direction.  The sewer line along Alessandro 
Boulevard is generally in the southern portion of the street 
except after M195 where it turns north and continues in 
northern portion of street.  It meets the trunk sewer line at 
M189. 

 

• Sycamore Canyon Boulevard Study Area Sewer Line: This 
portion of sewer line begins at M189, continues in northerly 
direction and generally follows the alignment of Sycamore 
Canyon Boulevard.  A 24-inch sewer line begins at M189 
and continues till M182 where it turns into a 30-inch sewer 
line.  This 30-inch sewer line continues to M174 at the 
intersection of Sycamore Canyon Boulevard and Eastridge 
Avenue.  A 42-inch sewer line beginning at M174 
continues in northwesterly direction.  It splits into two 20-
inch CIP sewer lines at M173.  In between M173 and M172 
reach California Aqueduct crosses over the sewer line.  
Two 20-inch CIP lines join at M172 and a 42-inch sewer 
line continues northeast of this manhole location till M157, 
northwest of Fair Isle Drive and Sycamore Canyon 
Boulevard intersection. The whole reach of 42-inch sewer 
line passes through flat terrain, so the pipe slopes in this 
reach are at a minimum possible value.  The pipeline 
between M162 and M158 is not within the street right of 
way; it passes through a sewer easement between 
Sycamore Canyon Boulevard and Freeway 60/215.  
Beginning M157, a 27-inch sewer line continues along 
Sycamore Canyon Boulevard down to M151.  Beyond 
M151, a 21-inch sewer line continues up to M146 at the 
intersection of Sycamore Canyon Boulevard and Central 
Avenue. 
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• Eastridge Avenue Study area Sewer Lines: There are two 
segments of contributory sewer lines to the main trunk 
sewer line along Sycamore Canyon Boulevard; one 
coming from the east and another from the west.  The east 
segment of the sewer line along Eastridge Avenue begins 
at M284, east of Freeway 215.  A 15-inch line continues 
westerly, crosses the freeway and joins the trunk sewer 
line at M174.  This sewer line picks up flow from the 
Edgemont/Canyon Springs area.  The west segment of 
sewer line begins at M290; a 10-inch sewer line continues 
east till M288 where the line size changes into a 12-inch 
sewer.  Thereafter, a 12-inch sewer line continues in an 
easterly/northeasterly direction parallel to the California 
Aqueduct to M171 of the trunk sewer line along Sycamore 
Canyon Boulevard.  The western segment of Eastridge 
Avenue sewer line picks up wastewater flow from 
industrial/light commercial area west of Freeway 215, 
which includes Pepsi Bottling Plant and Ralphs Grocery 
Company. 

 
 
 

• Central Avenue Study Area Sewer Line: The trunk sewer 
line along Central Avenue begins at M145 at the 
intersection of Central Avenue and Sycamore Canyon 
Boulevard.  The sewer line along Central Avenue is at a 
relatively steep slope and has been laid at minimum cover 
following finished surface profile of the street.  A 21-inch 
sewer line begins at M145 and continues westerly to M139 
where the size increases 24-inches.  After M138 the size 
changes to 21-inches and continues to M134.  The sewer 
size remains 24-inches in the reach between M139 and 
M297. The trunk sewer line in Central Avenue picks up 
wastewater flow from part of Canyon Crest area, multi 
family residential and commercial areas near Canyon 
Crest and Central Avenue intersection. 

 
 

 

• Canyon Crest Country Club Study Area Sewer Line: This 
sewer line begins at Central Avenue, east of Canyon Crest 
Drive at M408.  A 12-inch line continues through the 
apartment complex building, crosses Via La Paloma and 
joins the trunk line at M120.  The size of the sewer line 
changes from 12-inch to 18-inch in the reach M408 to 
M390.  After M120, the sewer line continues along Canyon 
Crest Drive up to M118 and then it generally traverses 
through Canyon Crest Country Club.  The size of the 
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sewer line ranges from 24-inch to 27-inch in the reach from 
M120 to M96.  After M96 the sewer line continues in 
northwesterly direction, crosses Central Avenue and joins 
Central Avenue trunk sewer line at M86.  This trunk sewer 
line picks up wastewater flow from Canyon Crest area. 

 
 

• Chicago Avenue Study Area Sewer Line: This study trunk 
sewer line along Chicago Avenue begins at M413 near the 
intersection of Country Club Drive and Chicago Avenue. 
These sewer lines are laid at relatively steeper slopes. An 
8-inch sewer line begins at M413 and continues in 
northerly direction to M410 where the size changes to10-
inch and continues to M92. This sewer line picks up 
wastewater flow from single family residential areas on the 
east and west sides of Alessandro Boulevard and south of 
Chicago Avenue.  

 
    

• Victoria Country Club Study Area Sewer Line: The trunk 
sewer line in Victoria Country Club passes through a sewer 
easement and generally, is parallel to Tequesquite Canyon 
passing through Victoria Golf Course.  An 18-inch sewer 
line begins at M86 and continues westerly to M81.  Beyond 
M81 a 21-inch line continues in westerly direction to M60.  
It turns into a northerly direction after M59 and a 24-inch 
line continues north to M56.  North of M56, a 27-inch line 
continues to M52 where it turns west.  A 24-inch 
sewer line continues to the east side of Hwy 91 at M51.  
Beyond M51, an 18-inch CIP sewer line continues in 
westerly direction under Hwy 91 to M50.  The sewage flow 
at this location is under siphon action.  This trunk sewer 
line generally picks up wastewater flow from Victoria area.  

 
 

• Riverside Community College (R.C.C.) Study Area Sewer 
Line: A 24-inch study sewer line begins at M50 west of 
Hwy 91 and continues along Brooks Street to the 
intersection of Olivewood Avenue and City College Drive.  
Thereafter, it traverses within the boundary of RCC 
generally parallel to Saunders Street.  The size of the 
sewer line within the RCC campus is 27-inch.  The 
wastewater flow is in northwesterly direction.  Pipe P48 
(M49 to M48) has a steep slope to avoid excessive 
earthwork in that reach. This trunk sewer line continues 
westerly till M26. This trunk sewer line picks up flow from 
RCC and adjoining residential and commercial areas. 
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• Downtown Area Sewer Line: The study sewer lines in 
downtown area include trunk and tributary sewer lines 
along Brockton Avenue, 13th street, Market Street, 11th 
Street, Mission Inn Avenue, 5th Street and 3rd Street.  The 
sewer sizes range from 8-inch to 21-inch.  In general, the 
wastewater flow is in the southwesterly direction except for 
the tributary sewer lines in 3rd Street, 5th Street, Mission Inn 
Avenue and 11th Street, which flow, in northwesterly 
direction. 

          

• The study sewer line along 3rd Street begins at M389 
just east of Hwy 91.  The size of sewer line is 8-inch 
and the flow is in northwesterly direction.  The sewer 
line joins trunk sewer line along Market Street at M344.  
This sewer line picks up wastewater flow from 
commercial and multi-family residential areas along 3rd 
Street.   

 

• The Fifth Street sewer line begins at M372 east of Hwy 
91.  An 8-inch size sewer line continues in 
northwesterly direction to the M340 at the intersection 
of 5th Street and Market Street. This contributory sewer 
line picks up flow from commercial/high density 
residential areas along 5th Street. 

 

• The study sewer line along Mission Inn Avenue begins 
at M365 at Vine Street, east of Hwy 91 and continues 
northwestwards towards Market Street.  The size of 
sewer line is 8-inch and the direction of flow is in 
northwesterly direction.  This contributory sewer line 
picks up wastewater flow from generally commercial 
areas in the vicinity of Mission Inn Avenue. 

 

• The 11th Street study sewer line begins at M356 east of 
Hwy 91 near Vine Street.  It crosses Hwy 91 and 
continues in northwesterly direction to M332 at the 
intersection of 11th Street and Market Street.  The size 
of the sewer line is 15-inch in between M356 and 
M350, 18-inch in between M350 and M348 and 15-inch 
in between M348 and M332.  This sewer line picks up 
sewage flow from commercial area along 11th Street in 
downtown, and residential area east of Hwy 91, up to 
Chicago Avenue. 

 

• The trunk sewer line along Market Street begins at 
M344 at the intersection of 3rd and Market Street.  It 
continues in southwesterly direction till M339.  From 
M339 a 12-inch sewer line continues along Market 
Street till M330 where a split flow situation occurs.  A 
15-inch VCP line branches off at M330 to re-join the 
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trunk sewer line at M329.  A 12-inch line continues till 
M328 at the intersection of Market Street and 13th 
Street. 

 

• 13th Street trunk line begins at M328 and continues in 
northwesterly direction.  This sewer line has two split 
flow situations.  A 12-inch line begins at M328 and 
continues to M325.  Another 10-inch line, which begins 
at M328, converts into a 15-inch sewer line after M327 
and re-joins 12-inch at M325.  From M325, a 12-inch 
line continues in northwesterly direction till M323.  A 
10-inch sewer line branches off at M323 to re-join at 
M319.  A 21-inch line continues after M317 to M316 at 
the intersection of 13th Street and Brockton Avenue. 

 

• Brockton Avenue study sewer lines begin at M316 and 
continue in southwesterly direction to M315. At M315, 
there is a split flow situation.  A 15-inch line begins at 
this manhole and continues till M311.  Another 10-inch 
line branches off and joins the main line at M311.  
Beyond M311 a 15-inch line continues to the trunk 
sewer line at M19 at the intersection of Tequesquite 
Avenue and Brockton Avenue. 

 
 

• Tequesquite Avenue Study Area Sewer Line: The 
Tequesquite Avenue sewer lines begin at M26, west of 
Magnolia Avenue.  A 27-inch sewer line continues 
southwest of Riverside Community Hospital Campus along 
a sewer easement to M21.  Beyond M21 a 24-inch line 
continues to M20 where it splits into two 15-inch pipes.  
The reach between M20 and M19 has siphon action.  Two 
15-inch sewer lines branch off at M20 and rejoin at MH-19.  
Thereafter a 24-inch sewer line continues westwards to 
M18.  The sewer lines between M18 and M15 are 21-
inches in size and flow in northwesterly direction.  In the 
reach between M12 M10, the flow is in southwesterly 
direction and the size of pipe is 30-inches.  Beyond M10 
the size of pipe is 27-inch and the flow is in southwesterly 
direction to M1. The trunk sewer line in Tequesquite 
Avenue picks up wastewater flow from the areas southeast 
of Mount Rubidoux Park and commercial and residential 
areas around Riverside Community Hospital. 

 
 
 
 

 
 

 
  

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxB-Tequesquite Report.pdf



 

Tequesquite Trunk Sewer Study 
December, 2003 14   

    

3.4 Tributary Areas 
 

The study area was divided into 31 sub-areas; each area having 
its distinct land use pattern.  These sub-areas are tributary to a 
particular meter location either individually or collectively.  
Because of their strategic locations, meters upstream to a 
cumulative meter can be subtracted out to deduct cumulative 
effect.  See Figure-8 for details of tributary sub-areas.  Following 
is the listing of tributary sub-areas and their contribution to a 
particular meter location. 
 
1. Sub-areas A-14, A-12, A-11, A-10, A-9, A-8 are tributary to 

meter No. 1, located in Alessandro Boulevard, east of Barton 
Street. 

2. All the sub-areas mentioned above and sub-areas A-7, A-13, 
A-6-1, A-6-3, A-6-4, A-6-5, A-5-1 and A-5-2 are tributary to 
meter No. 2 located in Central Avenue. 

3. All the sub-areas as mentioned in (1) and (2) and sub-areas A-
4-1, A-4-2, A-4-3 are tributary to meter No. 3 located in 
Victoria Country Club area. 

4. Sub-areas No. A-2-1, A-2-2, A-2-3, A-2-4, A-2-5, A-2-6 and A-
2-7 are tributary to meter No. 4, located in Brockton Avenue. 

5. All the sub-areas as mentioned in (1) to (4) and sub-areas A-1-
1, A-1-2, A-2-8 and A-3 are tributary to meter No. 5, located in 
Tequesquite Avenue.  This meter picks up almost entire flow 
from the study area. 

 
 
Within each sub-area there is generally a distinct mixture of land 
uses, which generates a unique quantity and diurnal pattern of 
wastewater flows. For identification of land use patterns, data 
provided by the City of Riverside in GIS Arcview format was used. 
The following table summarizes land uses within a particular sub-
area.   
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Table 3-2 
 

Developed Tributary Areas and Current Wastewater Generating Land Use 
 
 

Sub Area 
 

SFR 
(Acres) 

MFR 
(Acres) 

Commercial 
(Acres) 

Industrial 
(Acres) 

School 
(Acres) 

Total 
(Acres) 

A-1-1 261 40 - 1 - 302 

A-1-2 - - 31 - 98 129 

A-2-1 - 39 10 - - 49 

A-2-2 20 - 37 - - 57 

A-2-3 44 2 33 - - 79 

A-2-4  - 27 - - 27 

A-2-5 418 23 53 - - 494 

A-2-6 248 5 53 43 - 349 

A-2-7 145 42 - - - 187 

A-2-8 319 - 44 - - 363 

A-3 96 - 11 - - 107 

A-4-1 1205 11 - - - 1216 

A-4-2 225 2 - - 3 230 

A-4-3 61 32 - - - 93 

A-4-4 845 - 68 - - 913 

A-4-5 221 6 23   250 

A-5-1 111 - - - - 111 

A-5-2 292 29 14 - - 335 

A-6-1 - - 44 - - 44 

A-6-3 - - 110 - - 110 

A-6-4 - - 70 - - 70 

A-6-5 - - 94 - - 94 
A-7 146 - 3 1 - 150 

A-8 363 - - 5 - 368 

A-9 269 10 36 - - 315 

A-10 119 - - - - 119 

A-11 169 - - - - 169 

A-12 393 - 2 - 17 412 

A-13 490 - 20 - - 510 

A-14 - - 3 4 - 7 

 
SFR – Single Family Residential 
MFR – Multi Family Residential 
The areas do not include undeveloped and reserved areas. Sub Area A-6-2 is a 

Reserved Area (Sycamore Canyon Park). 
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4.0  DETERMINATION OF SEWER FLOWS 
 
 
 
4.1 Flow Monitoring 
 

Flow Monitoring was conducted at five (5) sites in order to 
accomplish the following: (See Figures 4 for locations of Flow 
Monitoring Stations). 

 

• Establish current flow levels. 

• Verify or adjust flow coefficients. 

• Establish characteristic flow patterns (Diurnal Curves) for the 
model (See Figures 13-16). 

• Confirm peak to average flow relationships. 

• Help prioritize recommend improvements. 
 

 
Meter locations were chosen to observe actual flow 
characteristics for the various sub-areas and to provide a 
continuous record of measured flows over a period of time (two 
weeks for this study).  Meter locations were also chosen in such 
a manner that current flow quantities along the Tequesquite 
Avenue Trunk Sewer could be quantitatively determined.  
Following is an amplification of the logic for placement of each 
flow meter. 
 

• Meter No. 1; location on Alessandro Boulevard east of Barton 
Street – This location was chosen because it carries all the 
flow generated from Orangecrest area which is primarily a 
residential area.  Also, the flow being pumped through the 
force main line from the sewage lift station at Wood Road can 
be measured at this location. 

 

• Meter No. 2; location on Central Avenue west of Lochmoor 
Avenue – This location was chosen to observe flow 
generated from the area north and south of Alessandro 
Avenue and west of Freeway 215.  The City of Riverside has 
flow data for Pepsi and Ralph commercial units and 
Edgemont community.  This data, along with data from meter 
No. 1 and 2 can be manipulated to assess flow coming to the 
system at strategic locations. 

 

• Meter No. 3; location Victoria Country Club west of Chicago 
Avenue – This location was chosen to measure the flow from 
the area generally bounded by Chicago Avenue on west, 
Martin Luther King Boulevard on north, Freeway 60/215 on 
east and Van Buren Boulevard on south.  The land use within 
this area is mixture of residential and commercial.  A typical 
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diurnal pattern for this mixed-use land pattern would be 
derived from the flow monitoring data at this meter location. 

 
 

• Meter No. 4; location Brockton Avenue north of Tequesquite 
Avenue – This location was chosen to measure the flow 
generated from the downtown area of the City of Riverside.  
The area covers a multiple land use patterns comprising 
residential (medium to high density), commercial, and office 
buildings.  The maintenance and operation staff of the City 
indicated that some flow-surcharging problem is being 
experienced in the Market Street sewer line north of 13th 
Street.  The flow data from meter location No. 4 would be 
evaluated for possible cause of flow problems in the Market 
Street sewer line.  

 
 

• Meter No. 5; location Tequesquite Avenue west of Brockton 
Avenue  - This location was chosen because the trunk sewer 
line at this location carries almost the entire flow generated 
from the study area. 

 
 

4.2 Results of Flow Monitoring 
 
  Measurement of sewer flows is an imprecise science, as the in-

line equipment is placed in a harsh environment and is subject to 
solids interference, calibration, turbulence and other problems, 
which can impede the accuracy.  Installed equipment must be 
frequently inspected and maintained, and monitoring results 
interpreted, evaluated for reasonableness, and sometimes 
adjusted.  In this particular application, metered flow information 
was generally quite good.  However, some flows at specific meter 
locations did not display consistent values.  Graphical results at 
each site were carefully reviewed for consistency and 
reasonableness, using the following general guidelines.   

 
 

• Where the magnitude or daily pattern varies significantly from 
one non-holiday weekday to the next, the data is likely to be 
flawed. 

• Where the base (low) flows are rising during the flow monitoring 
period, the data is suspect. 

• Where the algebraic sum of flows from meters in series are 
significantly out of sync, the data from one or more meters may 
be faulty. 

• Where minimum (nighttime) flows are abnormally high or 
algebraically inconsistent, the data is suspect. 

• Where the measured depth data and velocity data are 
inconsistent the data is suspect. 
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Metered flows displaying one or more of the above flaws were 
purged or abandoned adjusted based on reasonable assumptions. 

 
  At each meter location the flow-monitoring device measures depth 

of flow and velocity.  Upon reviewing the report submitted by 
Downstream Services, and from discussions with their staff, it was 
determined that the depth-of-flow reading was more reliable than 
the velocity data.  By using depth of flow readings and inputting 
pipe characteristics from record drawings (slope, size and 
roughness “n” values), sewage flow can be calculated using 
Manning’s equation.  These values more closely resemble 
theoretically sewage flows calculated using land use information 
and flow coefficients. The flow data for meter No. 2 is inconsistent 
so it was not used for estimation of wastewater flow. Flow data 
have been included in the Appendix A. 

 
  The flow monitoring hydrographs at each meter site, adjusted 

based on the depth measurement, are shown in Figures 9A 
through 12. The following relevant observations were made from 
evaluation of the measured flows: 

 

• Flows from the Orangecrest / Alessandro study area are 
atypical because of the major lift station in the system.  
Meter No. 1 shows an inconsistent flow pattern due to 
pumping action at the lift station. 

 

• Weekend hydrographs show generally smaller flows and 
lesser peaks than weekday patterns, for the Downtown 
area, usually due to closure of offices during the 
weekends. 

 

• Diurnal flow patterns reveal a consistent high flow during 
night - time hours due to mixed land use pattern in the 
study area.  This can be explained by the general 
nocturnal habits of people living in high-density residential 
areas. The people working in these areas usually work in 
multiple shifts and use the wastewater facilities in 
inconsistent ways. 

 

• Observed flows at meter No. 5 show slightly higher values 
than the land use.  This may be attributed to higher 
occupancy of people than the census data predicts. This 
happens in the high-density areas where census data is 
typically flawed. 
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Figure 9A

Flows at Meter 1
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Figure 9B

Flows at Meter 1
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Figure 10

Flows at Meter 3
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Figure 11

Flows at Meter No. 4
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Figure 12

Flows at Meter 5
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5.0 ESTIMATED ULTIMATE FLOW 
 
 
 
5.1 Methodology 

 
Future wastewater flows in the study area are estimated by 
applying unit (per acre or per capita) flow factors to the projected 
“ultimate” land use acreage or population in each sub area.  As 
discussed in Section 2, ultimate land uses within the study area 
are estimated based on the City’s current General Plan (which 
governs future development/redevelopment). The major 
contributor of the wastewater flow in the future would be 
undeveloped industrial business park area in the eastern portion 
of study areas.  For purpose of this study it has been assumed 
that this area would most likely be developed by the year 2015.  
Future wastewater flows are estimated using land used base 
coefficients for the City. 
 
 

5.2 Flow Coefficients 
  
A review of commonly used flow coefficients (or unit factors) was 
performed to arrive at preliminary criteria, which would be an 
appropriate starting point for the study area. 
 
Flow coefficients are commonly expressed in terms of cubic feet 
per second (cfs) of average dry weather flow (ADWF) per acre of 
a specific land use type.  For population based estimates, flows 
are expressed in gallons per capita per day (gpcd).  Peak flow 
generation rates estimated by applying peaking factors to the 
average flow, (with factors often based on observed peak-to-
average ratios from previous studies) are of little value in 
simulating flows within the collection system, since peaks for 
various uses are not simultaneous, but rather staggered 
throughout the day.  Also, peaks are blended and attenuated by 
lag times and in-pipe storage as the flows move downstream.  
Notwithstanding the above, diurnal peaking factors are also 
estimated for each land use type to estimate peak generation 
rates. 
For preliminary estimation of wastewater flow, the document 
“Criteria for Sewer Facility Design, Public Works Department, City 
of Riverside” was used, a copy can be found in Appendix “B”. The 
following is a general guideline for estimation of theoretical 
wastewater flows within the study area: 
 
Flows from Land Use Categories: 
 
Residential sewage flows are determined by using the following 
sources of information and criteria: 
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• Land use shown in the City’s General Plan. 

• No. of dwelling units per acre within a certain land use. 

• Persons per living unit determined from the latest census data 
for the study area. However, it should not be less than an 
average of 2.75 persons per living unit. 

• Average wastewater flow based on 65 gallons per capita per 
day. 

• Peak to average flows to be determined from the graphs. 
 

   Peak flows from non-residential developments shall be  
 determined using the following criteria: 
 

• Industrial Developments – 0.012 cfs/acre 

• Commercial Developments – 0.010 cfs/acre 

• Offices – 30 gallons per capita (employee on site) per day 

• Schools – 30 gallons per capita per day 

• Laundromat – 580 gallons per machine per day. 

• For Multi Family Residential a flow co-efficient of 0.014 
cfs/acre has been assumed (The City of Anaheim uses a 
coefficient of 0.014 cfs per acre). 

• For Industrial Business Parks a coefficient of 0.010 cfs/acre 
(same as commercial developments) has been used. 

 
The City of Riverside Criteria for Sewer Facility Design is attached 
as Appendix “B”. 
 
. 

  
 
 5.3 Representative Diurnal Hydrographs 

 
The study area is comprised of a variety of unique land uses. For 
the purpose of defining characteristic diurnal patterns, flow from 
each sub-basin was analyzed and percentage of flow contribution 
from each land use type was estimated. Tables 5-1 summarizes 
flows from different land use categories contributing to each meter 
location for current and future conditions, respectively. Table 5-2 
and 5-3 summarize theoretical wastewater percentage flow 
contributions to each meter locations. Figure 13 shows 
percentage of flow contribution from different land categories at 
meter location 5. Although none of the tributary sub areas flowing 
to the meter locations are comprised of a single land use 
category, several are dominated by one or two categories, and are 
thus selected as being representative to the diurnal flow patterns 
for those land uses. In addition Spruce Street Sewer Capacity 
Study (June 2002) was used to determine flow pattern for Single 
Family Residential (SFR) units. Based on this table, the following 
diurnal patterns were used for the modeled peak flow evaluation. 
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Figure 13

Existing and Future Flow Contributions from Various Land Uses

Meter Location 5
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• Flow at meter location 1:   Lift station pattern (SFR) 
 

• Flow at meter location 3:  Mixed used 
Commercial/Residential. 

 

• Flow at meter location 4:  Downtown. 
 

• Flow at meter location 5: Mixed-use pattern. 
 

• Flow at meter location 8  :  SFR (From Spruce Study)  
 
These representative diurnal hydrographs are shown in Figures 
14-17.  The flow patterns are used in the model to estimate for 
each land use type; the percentage of Average Dry Weather Flow 
(ADWF) contributed at specific times throughout the day. 
 
Figure 13 graphically depicts the existing and future conditions 
and illustrates the increasing influence of proposed industrial 
business park development near Fwy 215. 
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Table 5-1

Summary of Theoretical Flow 

METER CONTRIBUTORY        LANDUSE FLOW Total 

AREA Peak Flow

(ac) Pop. Avg. flow PF Peak flow area Peak flow area Peak flow

CURRENT FLOW:(Year 2003) (cfs) (cfs) (ac) (cfs) (ac) (cfs) (cfs)

1 2698 13,609  1.368 2.0 2.737 61.00 0.610 10.00 0.120 3.47
2 6584 22,545  2.267 1.6 3.514 359.00 3.590 10.00 0.120 7.22
3 8289 36,941  3.715 1.5 5.572 361.00 3.610 10.00 0.120 9.30

4 1,296                  13,341  1.342 2.1 2.817 214.00 2.140 43.00 0.516 5.47

5 12,968 62,432  6.278 1.5 9.417 796.00 7.960 55.00 0.660 18.04

FUTURE FLOW:(Year 2018)

1 2,698                  16,107  1.620 1.9 3.077 207.00 2.070 15.00 0.180 5.33

2 6,584                  28,010  2.817 1.5 4.225 1649.00 16.490 15.00 0.180 20.89
3 8,289                  42,656  4.289 1.5 6.434 1651.00 16.510 15.00 0.180 23.12

4 1,296                  13,419  1.349 1.9 2.564 214.00 2.140 43.00 0.516 5.22

5 12,968                71,434  7.183 1.5 10.775 2168.00 21.680 60.00 0.720 33.17

Notes:

   For flow calculation of SFR and MFR population a 2.75 capita per dwelling unit has been used as per City of Riverside guidelines.

   For population growth a 12.65% growth for every ten year has been assumed based on population data for City of Riverside.

   Per capita sewage flow- 65 gpcd

   Commercial Peak Flow- 0.01 cfs/ac

   Industrial Peak Flow- 0.012 cfs/ac

   Peaking Factor as per City of Riverside Population vs Peak to Average Ratio Chart.

Abbreviations:

   Pop. - Population, Avg. - Average, PF - Peaking Factor, cfs - Cubic feet per second, ac - Acre, SFR - Single Family Residential

  MFR - Multi Family Residential

                            Residential (SFR & MFR)                                              Industrial           Commercial
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METER LOCATION Total Current Trib. Vacant Current Peak

Area Area Area Flow

(ac) (ac) (ac) (cfs) (cfs) % (cfs) % (cfs) %

1 MH-203 AT ALESSANDRO BL. 2,698 1,540          1,158          3.467 2.737 79 0.610 18 0.120 3
2 MH-138 AT CENTRAL AVENUE 6,584 2,687          3,897          7.224 3.514 49 3.590 50 0.120 2
3 MH-83 AT VICTORIA COUNTRY CLUB 9,600 4,849          4,751          9.302 5.572 60 3.610 39 0.120 1
4 MH-310 AT BROCKTON AVE. 1,296 1,225          71               5.473 2.817 51 2.140 39 0.516 9
5 MH-9 AT TEQUESQUITE AVE. 12,992 7,888          5,104          18.037 9.417 52 7.960 44 0.660 4

METER LOCATION Future Total Future Trib. Vacant Future Peak

Area Area Area Flow

(ac) (ac) (ac) (cfs) (cfs) % (cfs) % (cfs) %

1 MH-203 AT ALESSANDRO BL. 2,698 1,995 703             5.327 3.077 58 2.070 39 0.180 3
2 MH-138 AT CENTRAL AVENUE 6,584 4,592 1,992          20.895 4.225 20 16.490 79 0.180 1
3 MH-83 AT VICTORIA COUNTRY CLUB 9,600 6,785 2,815          23.124 6.434 28 16.510 71 0.180 1
4 MH-310 AT BROCKTON AVE. 1,296 1,233 63               5.220 2.564 49 2.140 41 0.180 3
5 MH-9 AT TEQUESQUITE AVE. 12,992 10,055 2,936          33.175 10.775 32 21.680 65 0.720 2

Note:

  Residential peak flow was determined by population rather than landuse because of demographics of the area.
  Commercial flow includes flow from Industrial Business Park.

Abbreviations:

  Trib. Area - Tributary Area
  ac - Acre
  cfs - Cubic feet per second.
  SWR - Sewer
  AVE. - Avenue
BL. - Boulevard

Land Use Categories Peak Flows

     Residential       Commercial       Industrial

Table 5-3

Future(2018) Peak Flow and Percentage Contribution from Different Land Use Categories

Table 5-2

Current(2003) Peak Flow and Percentage Contribution from Different Land Use Categories

Land Use Categories Peak Flows

Residential      Commercial      Industrial

Table 5.2

Table 5.3
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Figure 14

Representative Diurnal Curve for Lift Station Flow, Meter Location 1
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Figure 15

Representative Diurnal Curve for Mixed Land Use (Residential and Commercial), 

Meter Location 3
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Figure 16

Representative Diurnal Curve for Downtown Area, Meter Location 4
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Figure 17

Note:

This diurnal curve was originally developed from the Spruce Street Sewer Study dated June 2002.

Representative Diurnal Curve for Single Family Residential (SFR)
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6.0 COMPUTER MODEL SIMULATION ANALYSIS 
 
 
 
 6.1 Methodology 
  

Capacity analysis involved evaluation of the available capacity in 
the existing collection system under present and future 
development conditions.  Based on results of the analysis, phased 
facility improvements were identified to allow for projected growth 
within the service area.  
 
This Section describes the analytical methodology and hydraulic 
model development, and summarizes the results of the analyses. 

 
The principal tool utilized in the capacity analysis was a hydraulic 
model that simulates flow conditions using demand and piping 
characteristic input data.  With this input information, the model is 
able to output sewage depth of flow, rate of flow, and velocity of 
flow, within selected pipes and manholes during different times of 
the day.  The model selected for use in this study is XP-SWMM 
(XP Software, Version 2000); this modeling software belongs to a 
class of software referred to as “dynamic wave models”.  These 
types of models provide an accurate simulation of hydraulic flow 
conditions over an extended period of time. 
 
Data required to create the model include information describing 
the physical wastewater collection system, such as pipe diameters 
and reach lengths, manhole invert elevations, and estimated pipe 
roughness coefficients.  Additionally, data describing the sewage 
loading at selected manholes, expressed as a varying flow rate 
over time (i.e. a diurnal curve), must be provided.  Model output 
consists of a variety of hydraulic parameters, most importantly 
peak flow velocity and discharge rates.  
 
Calibration of the model consisted of simulating existing sewer 
flow conditions and comparing the modeled and recorded flows at 
the meter locations.  The assumed diurnal curves that serve as 
input to the model were iteratively adjusted until the simulated and 
recorded sewage flow hydrographs achieved reasonable 
agreement.      

 
Simulations of future sewage flow conditions were performed by 
developing input data sets that included sewage generation 
projections for the assumed ultimate conditions.  Pipe reaches in 
which simulated peak flows exceeded a specified trigger criteria 
were identified as potential improvement reaches.  Improvements 
required to provide adequate capacity for projected flows are then 
determined through an iterative modeling process.  The process 
consists of simulating flow conditions after increasing the diameter 
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of downstream portions of the identified reaches.  In subsequent 
iterations, additional lengths of pipe are increased in diameter until 
the projected peak flow can be conveyed through the reach 
without exceeding the specified design flow criteria. 

 
 
 6.2 Limitations of Modeling 

 
The hydraulic model, which was utilized as the primary planning 
tool for the sewer capacity analysis, provides an accurate 
simulation of actual flow conditions within a sanitary sewer system 
in response to existing and future sewage loading.  The accuracy 
of the simulation, however, is directly related to the accuracy of 
the model input data, including physical parameters and sewage 
loading projections.  For example, in a case where roots had 
entered the pipeline, thereby causing a restriction of flow, the 
model would be unable to predict the reduction in flow through this 
obstruction.  Consequently, a general understanding of the data 
sources is critical in interpreting the modeling results.   
 
The physical parameters of the model, including pipe diameter, 
slope, and roughness coefficients were based principally on City 
database information.  Where this data appeared to be inaccurate, 
construction drawings were reviewed and the input data corrected. 
Network connectivity refers to the flow path followed by sewage 
within the sewer system.  The connectivity is a function of the 
relative slope of each sewer pipe and the relative invert elevations 
of the incoming and outgoing sewer pipes at manholes.  For 
example, a manhole may have two or more sewer pipes, which 
could convey flow away from the manhole.  If the invert (bottom) 
of one of these pipes is lower than the other, the downstream flow 
path at this manhole would follow the lower pipe. 
 
Sewage loading projections were based on calibrated flow rates.  
As previously described, flow rates used for calibration were 
based on actual monitored flows at key points in the trunk system 
over a 2-week period in July-August 2003.  This period included 
the two weekends.   
 
Since a degree of uncertainty exists in both the physical data and 
the sewage loading projections used as model inputs, reaches 
identified by model simulations as near or at capacity should be 
subject to additional engineering evaluation prior to improvement.  
Such evaluation may include field inspection, video monitoring 
and flow metering. 
 
The results of model run for existing and ultimate conditions are 
summarized in Tables 7-1-A and 7-1-B respectively.  
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Table 7-1-A

Sewer Analysis Results (Existing Conditions)

Name Diameter, ft
Slope 

(ft/ft)

Theoretical 

"Full" Flow (cfs)

Existing 

Modeled 

Peak Flow 

(cfs)

Existing 

% Full

P01 2.25 0.008 27.98 19.66 70%
P02 2.25 0.008 28.40 19.66 69%
P03 2.25 0.009 29.83 19.66 66%
P04 2.25 0.010 30.82 19.66 64%
P05 2.25 0.009 29.68 19.66 66%
P06 2.25 0.007 25.66 19.66 77%
P07 2.25 0.007 26.50 19.66 74%
P08 2.25 0.007 25.30 19.66 78%
P09 2.25 0.007 26.37 18.66 71%
P10 2.50 0.004 27.35 18.66 68%
P11 2.50 0.004 26.72 18.66 70%
P12 2.25 0.008 28.40 18.66 66%
P13 2.25 0.010 30.77 18.66 61%
P14 2.00 0.013 25.84 18.66 72%
P15 1.75 0.005 11.04 17.56 159%
P16 1.75 0.006 12.38 17.56 142%
P17 1.75 0.006 12.42 17.56 141%
P18 2.00 0.002 11.00 17.56 160%
P19 1.25 0.007 11.01 13.21 120%
P20 2.25 0.003 15.66 13.22 84%
P21 2.25 0.003 17.84 13.22 74%
P22 2.25 0.004 18.41 13.23 72%
P23 2.25 0.003 17.92 13.23 74%
P24 2.00 0.009 21.72 13.23 61%
P25 2.25 0.002 13.16 13.23 101%
P26 2.25 0.003 18.04 13.23 73%
P27 2.25 0.006 23.23 12.17 52%
P28 2.25 0.003 18.06 12.17 67%
P29 2.25 0.003 18.03 12.17 67%
P30 2.25 0.003 17.97 12.17 68%
P31 2.25 0.003 17.63 12.17 69%
P32 2.25 0.003 17.27 12.17 70%
P33 2.25 0.004 19.90 12.17 61%
P34 2.25 0.003 17.80 12.17 68%
P35 2.25 0.003 17.37 12.17 70%
P36 2.25 0.004 20.56 12.16 59%
P37 2.25 0.004 20.57 12.18 59%
P38 2.00 0.008 20.25 12.16 60%
P39 2.25 0.004 20.45 12.16 59%
P40 2.25 0.004 20.23 12.16 60%
P41 2.25 0.006 23.07 12.16 53%
P42 2.25 0.017 40.24 12.16 30%
P43 2.00 0.007 19.19 12.16 63%
P44 2.00 0.008 20.45 12.16 59%
P45 2.00 0.007 19.14 12.16 64%
P46 2.00 0.007 18.88 12.16 64%
P47 2.00 0.028 37.94 12.16 32%
P48 2.00 0.214 104.45 12.16 12%
P49 2.00 0.004 14.74 12.16 83%
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Table 7-1-A

Sewer Analysis Results (Existing Conditions)

Name Diameter, ft
Slope 

(ft/ft)

Theoretical 

"Full" Flow (cfs)

Existing 

Modeled 

Peak Flow 

(cfs)

Existing 

% Full

P50 1.50 0.002 4.73 12.16 257%
P51 2.00 0.012 24.35 12.16 50%
P52 2.25 0.003 15.91 11.95 75%
P53 2.25 0.002 13.29 11.95 90%
P54 2.25 0.002 13.21 11.95 90%
P55 2.25 0.002 13.28 11.95 90%
P56 2.00 0.004 13.75 11.96 87%
P57 2.00 0.003 12.90 11.98 93%
P58 2.00 0.003 12.77 11.99 94%
P59 2.00 0.003 12.80 12.03 94%
P60 1.75 0.006 12.23 12.06 99%
P61 1.75 0.006 12.35 12.05 98%
P62 1.75 0.006 12.34 12.06 98%
P63 1.75 0.006 12.34 12.06 98%
P64 1.75 0.006 12.38 12.06 97%
P65 1.75 0.006 12.36 12.07 98%
P66 1.75 0.006 12.30 12.07 98%
P67 2.00 0.004 15.06 12.07 80%
P68 1.75 0.009 15.35 10.72 70%
P69 1.75 0.007 13.30 10.72 81%
P70 1.75 0.008 13.85 10.72 77%
P71 1.75 0.007 13.36 10.72 80%
P72 1.75 0.008 13.80 10.72 78%
P73 1.75 0.006 12.71 10.72 84%
P74 1.75 0.006 12.64 10.72 85%
P75 1.75 0.007 13.42 10.72 80%
P76 1.75 0.008 13.78 10.72 78%
P77 1.75 0.010 15.81 10.72 68%
P78 1.75 0.010 15.81 10.72 68%
P79 1.75 0.010 15.81 10.72 68%
P80 1.75 0.010 15.57 10.72 69%
P81 1.50 0.012 11.31 10.72 95%
P82 1.50 0.012 11.34 10.72 95%
P83 1.50 0.012 11.34 10.72 95%
P84 1.50 0.012 11.41 10.72 94%
P85 1.50 0.012 11.34 10.72 95%
P86 1.50 0.012 11.60 10.72 92%
P87 1.50 0.012 11.34 3.35 30%
P88 1.50 0.014 12.22 2.68 22%
P89 1.50 0.013 11.85 2.68 23%
P90 1.50 0.012 11.29 2.68 24%
P91 1.50 0.012 11.28 2.68 24%
P92 1.75 0.011 16.47 0.90 5%
P93 1.75 0.014 18.76 0.90 5%
P94 1.75 0.014 18.67 0.90 5%
P95 1.25 0.301 35.31 0.90 3%
P96 2.25 0.002 13.75 0.90 7%
P97 2.25 0.002 13.83 0.90 6%
P98 2.25 0.002 13.95 0.90 6%
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Table 7-1-A

Sewer Analysis Results (Existing Conditions)

Name Diameter, ft
Slope 

(ft/ft)

Theoretical 

"Full" Flow (cfs)

Existing 

Modeled 

Peak Flow 

(cfs)

Existing 

% Full

P99 2.25 0.002 13.77 0.90 7%
P100 2.25 0.002 13.91 0.90 6%
P101 2.25 0.002 13.83 0.90 6%
P102 2.25 0.002 13.65 0.90 7%
P103 2.25 0.002 13.89 0.90 6%
P104 2.25 0.002 13.90 0.90 6%
P105 2.25 0.002 14.97 0.44 3%
P106 2.25 0.002 13.66 0.47 3%
P107 2.25 0.002 13.80 0.49 4%
P108 2.25 0.002 13.95 0.49 4%
P109 2.25 0.002 13.83 0.45 3%
P110 2.25 0.002 13.79 0.48 3%
P111 2.25 0.002 13.69 0.44 3%
P112 2.25 0.002 13.92 0.45 3%
P113 2.25 0.002 13.83 0.45 3%
P114 2.25 0.002 13.83 0.44 3%
P115 2.25 0.002 13.87 0.44 3%
P116 2.25 0.002 13.89 0.44 3%
P117 2.25 0.002 13.93 0.44 3%
P118 2.25 0.002 13.79 0.44 3%
P119 2.00 0.002 10.17 0.44 4%
P120 2.00 0.002 10.51 0.44 4%
P121 0.83 0.055 5.13 0.00 0%
P130 2.00 0.028 37.51 8.02 21%
P131 2.00 0.030 39.33 8.02 20%
P132 2.00 0.030 39.37 8.02 20%
P133 2.00 0.030 39.37 8.02 20%
P134 2.00 0.068 58.80 8.02 14%
P135 2.75 0.033 96.62 7.86 8%
P136 1.75 0.069 41.49 7.86 19%
P137 1.75 0.048 34.64 7.86 23%
P138 2.00 0.026 36.73 7.86 21%
P139 1.75 0.059 38.35 7.86 21%
P140 1.75 0.060 38.62 7.86 20%
P141 1.75 0.060 38.61 7.86 20%
P142 1.75 0.034 29.12 7.86 27%
P143 1.75 0.051 35.63 7.86 22%
P144 1.75 0.041 31.88 7.86 25%
P145 1.75 0.036 30.00 7.86 26%
P146 1.75 0.044 32.99 7.86 24%
P147 1.75 0.046 33.95 7.86 23%
P148 1.75 0.051 35.63 7.86 22%
P149 1.75 0.046 33.92 7.87 23%
P150 1.75 0.037 30.31 7.86 26%
P151 2.25 0.009 29.01 7.86 27%
P152 2.25 0.016 39.05 7.87 20%
P153 2.25 0.016 39.09 7.87 20%
P154 2.25 0.009 29.02 7.87 27%
P155 2.25 0.021 44.95 7.87 17%
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Table 7-1-A

Sewer Analysis Results (Existing Conditions)

Name Diameter, ft
Slope 

(ft/ft)

Theoretical 

"Full" Flow (cfs)

Existing 

Modeled 

Peak Flow 

(cfs)

Existing 

% Full

P156 2.25 0.021 44.71 7.87 18%
P157 3.50 0.001 30.77 7.87 26%
P158 3.50 0.001 27.58 7.12 26%
P159 3.50 0.001 28.61 7.12 25%
P160 3.50 0.001 28.39 7.13 25%
P161 3.50 0.001 28.47 7.13 25%
P162 3.50 0.001 28.47 7.13 25%
P163 3.50 0.001 28.47 7.14 25%
P164 3.50 0.001 28.47 6.63 23%
P165 3.50 0.001 28.47 6.64 23%
P166 3.50 0.001 28.47 6.64 23%
P167 3.50 0.001 28.47 6.65 23%
P168 3.50 0.001 28.47 6.65 23%
P169 3.50 0.001 28.47 6.65 23%
P170 3.50 0.001 28.19 6.66 24%
P171 3.50 0.001 38.23 5.85 15%
P172 1.67 0.012 30.38 5.85 19%
P173 3.50 0.001 28.44 5.85 21%
P174 2.50 0.001 13.50 5.59 41%
P175 2.50 0.001 13.52 5.59 41%
P176 2.50 0.001 13.44 5.59 42%
P177 2.50 0.001 13.18 5.59 42%
P178 2.50 0.001 13.68 5.60 41%
P179 2.50 0.001 13.44 5.60 42%
P180 2.50 0.001 13.48 5.60 42%
P181 2.50 0.001 13.48 5.61 42%
P182 2.00 0.002 10.10 5.29 52%
P183 2.00 0.002 10.11 5.29 52%
P184 2.00 0.002 10.04 5.29 53%
P185 2.00 0.002 10.10 5.30 52%
P186 2.00 0.002 10.10 5.30 52%
P187 2.00 0.054 52.29 5.30 10%
P188 2.00 0.002 9.81 5.30 54%
P189 1.50 0.010 10.43 3.89 37%
P190 1.50 0.010 10.48 3.89 37%
P191 1.50 0.010 10.48 3.89 37%
P192 1.50 0.012 11.37 3.78 33%
P193 1.50 0.014 12.47 3.78 30%
P194 1.50 0.019 14.57 3.78 26%
P195 1.50 0.020 14.91 3.78 25%
P196 1.50 0.020 14.82 4.07 27%
P197 1.50 0.020 14.82 3.78 26%
P198 1.50 0.010 10.49 3.78 36%
P199 1.50 0.020 14.82 3.78 26%
P200 1.50 0.009 10.05 3.78 38%
P201 1.50 0.009 10.05 3.79 38%
P202 1.50 0.010 10.47 3.79 36%
P203 1.50 0.010 10.48 3.79 36%
P204 1.50 0.011 11.21 3.79 34%
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Table 7-1-A

Sewer Analysis Results (Existing Conditions)

Name Diameter, ft
Slope 

(ft/ft)

Theoretical 

"Full" Flow (cfs)

Existing 

Modeled 

Peak Flow 

(cfs)

Existing 

% Full

P205 1.33 Force Main
P206 1.75 0.004 10.54 4.54 43%
P207 1.50 0.002 5.20 2.51 48%
P208 1.50 0.002 5.12 2.51 49%
P209 1.50 0.002 5.17 1.94 37%
P210 1.50 0.002 5.12 1.94 38%
P211 1.50 0.002 5.11 1.94 38%
P212 1.50 0.003 5.92 1.94 33%
P213 1.50 0.073 28.27 1.94 7%
P214 1.50 0.002 5.08 1.94 38%
P215 1.50 0.002 5.15 1.94 38%
P216 1.50 0.032 18.74 1.94 10%
P217 1.50 0.032 18.74 1.94 10%
P218 1.50 0.002 5.14 1.84 36%
P219 1.00 0.083 10.20 1.46 14%
P220 1.00 0.013 3.98 1.46 37%
P221 1.00 0.009 3.44 1.46 42%
P222 1.00 0.009 3.44 1.46 42%
P223 1.00 0.009 3.44 1.46 42%
P224 1.00 0.009 3.44 1.46 42%
P225 1.00 0.015 4.34 1.46 34%
P226 1.00 0.015 4.36 1.46 33%
P227 1.00 0.015 4.35 1.46 33%
P228 1.00 0.006 2.74 1.46 53%
P229 1.00 0.006 2.75 1.46 53%
P230 1.00 0.006 2.75 1.46 53%
P231 1.00 0.006 2.75 1.46 53%
P232 0.67 0.018 1.63 0.77 47%
P233 0.67 0.049 2.65 0.08 3%
P234 0.67 0.042 2.44 0.08 3%
P235 0.83 0.010 2.16 0.69 32%
P236 0.83 0.010 2.16 0.69 32%
P237 0.83 0.010 2.16 0.69 32%
P238 1.50 0.017 13.81 2.03 15%
P239 1.50 0.017 13.74 2.03 15%
P240 1.50 0.017 13.72 2.03 15%
P241 1.00 0.004 2.24 0.60 27%
P242 1.00 0.004 2.24 0.60 27%
P243 1.00 0.032 6.39 0.60 9%
P244 1.00 0.032 6.39 0.60 9%
P245 1.00 0.032 6.39 0.60 9%
P246 1.00 0.032 6.40 0.60 9%
P247 1.00 0.026 5.72 0.60 10%
P248 1.00 0.002 1.74 0.60 34%
P249 1.00 0.002 1.74 0.60 34%
P250 1.00 0.002 1.74 0.60 34%
P251 1.00 0.008 3.22 0.60 19%
P252 1.00 0.002 1.73 0.60 35%
P253 1.25 0.026 10.36 1.43 14%
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Table 7-1-A

Sewer Analysis Results (Existing Conditions)

Name Diameter, ft
Slope 

(ft/ft)

Theoretical 

"Full" Flow (cfs)

Existing 

Modeled 

Peak Flow 

(cfs)

Existing 

% Full

P254 1.25 0.011 6.68 1.43 21%
P255 1.00 0.023 5.41 0.73 13%
P256 1.00 0.009 3.33 0.73 22%
P257 1.00 0.044 7.44 0.73 10%
P258 1.00 0.018 4.76 0.73 15%
P259 1.00 0.012 3.89 0.73 19%
P260 1.00 0.008 3.17 0.73 23%
P261 1.00 0.007 2.89 0.73 25%
P262 1.00 0.007 2.88 0.73 25%
P263 0.83 0.032 3.90 0.73 19%
P264 0.83 0.023 3.33 0.73 22%
P265 0.83 0.034 4.04 0.73 18%
P266 0.83 0.020 3.08 0.73 24%
P267 0.83 0.025 3.46 0.73 21%
P268 0.83 0.027 3.57 0.73 20%
P269 0.83 0.019 3.03 0.73 24%
P270 0.83 0.007 1.88 0.73 39%
P271 0.67 0.013 1.38 0.73 53%
P272 0.67 0.009 1.16 0.73 63%
P273 0.67 0.010 1.17 0.73 62%
P274 0.67 0.010 1.17 0.73 62%
P275 0.67 0.009 1.16 0.73 63%
P276 0.67 0.004 0.76 0.73 96%
P277 1.25 0.014 7.75 0.32 4%
P278 1.25 0.008 5.83 0.32 5%
P279 1.25 0.008 5.91 0.32 5%
P280 1.25 0.004 4.18 0.32 8%
P281 1.25 0.007 5.53 0.32 6%
P282 1.25 0.023 9.83 0.32 3%
P283 1.25 0.005 4.74 0.32 7%
P284 1.00 0.002 1.51 1.00 66%
P285 1.00 0.002 1.50 1.00 67%
P286 1.00 0.002 1.50 1.00 67%
P287 1.00 0.002 1.51 1.01 67%
P288 0.83 0.002 0.97 1.01 104%
P290 2.75 0.008 46.66 8.01 17%
P291 2.75 0.008 47.45 8.01 17%
P292 2.75 0.008 47.06 8.01 17%
P293 2.75 0.016 67.47 8.01 12%
P294 2.75 0.009 51.38 8.01 16%
P295 2.25 0.028 52.07 8.01 15%
P296 2.00 0.025 35.68 8.01 22%
P297 2.00 0.036 42.92 8.01 19%
P298 2.00 0.058 54.35 8.01 15%
P299 2.00 0.058 54.41 8.01 15%
P300 2.00 0.028 37.57 8.01 21%
P301 2.00 0.041 45.46 8.02 18%
P302 2.00 0.046 48.23 8.02 17%
P303 2.00 0.009 21.22 8.02 38%
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Table 7-1-A

Sewer Analysis Results (Existing Conditions)

Name Diameter, ft
Slope 

(ft/ft)

Theoretical 

"Full" Flow (cfs)

Existing 

Modeled 

Peak Flow 

(cfs)

Existing 

% Full

P304 2.00 0.028 37.49 8.02 21%
P305 2.00 0.012 24.83 8.02 32%
P306 2.00 0.009 21.44 8.02 37%
P307 2.00 0.014 26.82 8.02 30%

P307A 2.00 0.015 27.45 8.02 29%

P308 1.25 0.009 6.01 5.33 100%1

P309 1.25 0.009 6.16 5.33 100%1

P310 1.25 0.010 6.28 5.33 100%1

P311 1.25 0.013 7.45 2.99 100%1

P311A 1.25 0.012 7.16 2.51 100%1

P311B 1.25 0.012 7.01 2.46 100%1

P311C 1.25 0.022 9.52 2.46 26%
P311D 1.25 0.009 6.26 2.46 39%

P312 1.00 0.011 3.71 2.17 100%1

P313 1.00 0.026 5.68 2.13 100%1

P314 0.83 0.025 3.43 2.13 100%1

P315 1.75 0.006 12.63 4.51 36%
P316 1.75 0.006 12.59 4.51 36%
P317 1.75 0.005 11.57 4.51 39%

P318A 1.75 0.005 11.26 4.51 40%
P319 1.00 0.016 4.50 2.93 65%

P319A 1.00 0.022 5.31 1.58 30%

P320 0.83 0.018 2.93 2.93 100%1

P321 0.83 0.020 3.09 2.93 100%1

P322 1.00 0.037 6.80 1.58 23%
P323 1.00 0.042 7.24 4.51 62%
P324 1.00 0.042 7.30 4.51 62%
P325 1.25 0.024 10.06 1.58 16%
P326 1.25 0.015 7.83 1.58 20%
P327 0.83 0.021 3.15 1.58 50%

P327A 1.00 0.018 4.70 2.93 62%
P328 1.00 0.018 4.81 2.87 60%

P329 1.17 0.004 3.46 2.03 100%1

P329A 1.00 0.003 1.98 1.29 100%1

P330 1.25 0.003 3.77 2.03 100%1

P331 1.25 0.003 3.59 2.03 100%1

P332 1.00 0.003 1.88 1.86 100%1

P333 1.00 0.003 1.88 1.85 100%1

P334 1.00 0.003 1.89 1.85 100%1

P335 1.00 0.003 1.92 1.59 100%1

P336 1.00 0.003 1.93 1.59 100%
1

P337 1.00 0.003 1.94 1.59 100%1

P338 1.00 0.003 2.03 1.17 100%1

P339 0.83 0.003 1.18 1.17 100%1

P340 0.83 0.002 1.02 0.64 100%
1

P341 0.83 0.003 1.15 0.64 100%1
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Table 7-1-A

Sewer Analysis Results (Existing Conditions)

Name Diameter, ft
Slope 

(ft/ft)

Theoretical 

"Full" Flow (cfs)

Existing 

Modeled 

Peak Flow 

(cfs)

Existing 

% Full

P342 0.83 0.002 1.05 0.64 100%1

P343 0.83 0.003 1.25 0.64 100%1

P344 1.25 0.003 3.64 1.26 34.51%
P345 1.25 0.003 3.62 1.02 28.24%
P346 1.25 0.003 3.63 1.02 28.20%
P347 1.25 0.003 3.56 1.02 28.75%
P348 1.50 0.002 4.80 1.02 21.33%
P349 1.50 0.003 5.41 1.02 18.94%
P350 1.50 0.002 4.76 1.02 21.49%
P351 1.25 0.002 2.94 0.79 26.93%
P352 1.25 0.011 6.62 0.79 11.96%
P353 1.25 0.012 6.96 0.79 11.38%
P354 1.25 0.008 5.84 0.79 13.57%
P355 1.25 0.010 6.44 0.79 12.31%

P356 0.67 0.011 1.26 0.29 100%1

P357 0.67 0.011 1.23 0.29 100%1

P358 0.67 0.011 1.23 0.25 20.50%
P359 0.67 0.010 1.23 0.26 21.27%
P360 0.67 0.011 1.23 0.25 20.49%
P361 0.67 0.010 1.20 0.09 7.57%
P362 0.67 0.011 1.27 0.09 7.16%
P363 0.67 0.011 1.27 0.09 7.13%
P364 0.67 0.010 1.17 0.09 7.77%

P365 0.67 0.003 0.65 0.52 100%1

P366 0.67 0.006 0.97 0.60 100%1

P367 0.67 0.022 1.78 0.52 29.06%
P368 0.67 0.007 1.00 0.26 25.77%
P369 0.67 0.012 1.32 0.26 19.56%
P370 0.67 0.012 1.34 0.26 19.35%
P371 0.67 0.013 1.37 0.26 18.94%

P372 0.67 0.005 0.81 0.52 100%1

P373 0.67 0.005 0.82 0.52 62.56%
P374 0.67 0.004 0.74 0.52 70.02%
P375 0.67 0.004 0.80 0.52 64.60%
P376 0.67 0.008 1.08 0.26 23.84%
P377 0.67 0.008 1.04 0.26 24.78%
P378 0.67 0.017 1.57 0.26 16.42%
P379 0.67 0.014 1.44 0.26 17.91%
P380 0.67 0.012 1.29 0.26 20.04%
P381 0.67 0.010 1.20 0.26 21.44%
P382 0.67 0.010 1.21 0.26 21.41%
P383 0.67 0.010 1.22 0.26 21.17%
P384 0.67 0.010 1.20 0.26 21.55%
P385 0.67 0.010 1.22 0.26 21.23%

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxB-Tequesquite Report.pdf



Table 7-1-A

Sewer Analysis Results (Existing Conditions)

Name Diameter, ft
Slope 

(ft/ft)

Theoretical 

"Full" Flow (cfs)

Existing 

Modeled 

Peak Flow 

(cfs)

Existing 

% Full

P386 0.67 0.010 1.18 0.26 21.78%
P387 0.67 0.010 1.21 0.26 21.40%
P388 0.67 0.009 1.15 0.26 22.45%
P389 1.50 0.013 12.03 0.44 3.63%
P390 1.25 0.020 9.11 0.44 4.80%
P391 1.25 0.019 8.85 0.44 4.94%
P392 1.25 0.018 8.62 0.44 5.07%
P393 1.50 0.007 8.86 0.44 4.93%
P394 1.50 0.007 8.72 0.44 5.01%
P395 1.50 0.001 2.63 0.44 16.62%
P396 1.00 0.033 6.45 0.44 6.78%
P397 1.00 0.247 17.64 0.22 1.24%
P398 1.25 0.010 6.56 0.22 3.34%
P399 1.25 0.010 6.51 0.22 3.37%
P400 1.25 0.010 6.58 0.22 3.33%
P401 1.25 0.028 10.69 0.22 2.05%
P402 1.25 0.014 7.73 0.22 2.84%
P403 1.25 0.033 11.78 0.22 1.86%
P404 1.25 0.022 9.51 0.22 2.31%
P405 1.25 0.335 37.25 0.22 0.59%
P406 1.25 0.209 29.45 0.22 0.75%
P407 1.25 0.040 12.93 0.22 1.70%
P408 0.83 0.034 4.04 1.80 44.56%
P409 0.83 0.190 9.49 1.80 18.95%
P410 0.67 0.066 3.07 1.80 58.54%
P411 0.67 0.074 3.26 1.80 55.19%
P412 0.67 0.077 3.33 1.80 54.12%

1. Due to back-up in sewer system.

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxB-Tequesquite Report.pdf



Table 7-1-B

Sewer Analysis Results (Ultimate Conditions)

Name
Diameter, 

ft

Slope 

(%)

Theoretical 

"Full" Flow (cfs)

Future 

Modeled Peak 

Flow (cfs)

Future % 

Full

P01 2.25 0.008 27.98 33.43 119%     
P02 2.25 0.008 28.40 33.43 118%     
P03 2.25 0.009 29.83 33.43 112%     
P04 2.25 0.010 30.82 33.43 108%     
P05 2.25 0.009 29.68 33.43 113%     
P06 2.25 0.007 25.66 33.43 130%     
P07 2.25 0.007 26.50 33.43 126%     
P08 2.25 0.007 25.30 33.43 132%     
P09 2.25 0.007 26.37 32.42 123%     
P10 2.50 0.004 27.35 32.42 119%     
P11 2.50 0.004 26.72 32.42 121%     
P12 2.25 0.008 28.40 32.42 114%     
P13 2.25 0.010 30.77 32.42 105%     
P14 2.00 0.013 25.84 32.42 125%     
P15 1.75 0.005 11.04 31.36 284%     
P16 1.75 0.006 12.38 31.37 253%     
P17 1.75 0.006 12.42 31.37 253%     
P18 2.00 0.002 11.00 31.37 285%     
P19 1.25 0.007 11.01 25.82 235%     
P20 2.25 0.003 15.66 25.82 165%     
P21 2.25 0.003 17.84 25.83 145%     
P22 2.25 0.004 18.41 25.83 140%     
P23 2.25 0.003 17.92 25.83 144%     
P24 2.00 0.009 21.72 25.83 119%     
P25 2.25 0.002 13.16 25.83 196%     
P26 2.25 0.003 18.04 25.83 143%     
P27 2.25 0.006 23.23 24.72 106%     
P28 2.25 0.003 18.06 24.72 137%     
P29 2.25 0.003 18.03 24.72 137%     
P30 2.25 0.003 17.97 24.71 138%     
P31 2.25 0.003 17.63 24.72 140%     
P32 2.25 0.003 17.27 24.72 143%     
P33 2.25 0.004 19.90 24.72 124%     
P34 2.25 0.003 17.80 24.72 139%     
P35 2.25 0.003 17.37 24.71 142%     
P36 2.25 0.004 20.56 24.71 120%     
P37 2.25 0.004 20.57 24.71 120%     
P38 2.00 0.008 20.25 24.72 122%     
P39 2.25 0.004 20.45 24.71 121%     
P40 2.25 0.004 20.23 24.72 122%     
P41 2.25 0.006 23.07 24.72 107%     
P42 2.25 0.017 40.24 24.72 61%     
P43 2.00 0.007 19.19 24.72 129%     
P44 2.00 0.008 20.45 24.71 121%     
P45 2.00 0.007 19.14 24.72 129%     
P46 2.00 0.007 18.88 24.72 131%     
P47 2.00 0.028 37.94 24.72 65%     
P48 2.00 0.214 104.45 24.72 24%     
P49 2.00 0.004 14.74 24.72 168%     
P50 1.50 0.002 4.73 24.71 522%     
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Table 7-1-B

Sewer Analysis Results (Ultimate Conditions)

Name
Diameter, 

ft

Slope 

(%)

Theoretical 

"Full" Flow (cfs)

Future 

Modeled Peak 

Flow (cfs)

Future % 

Full

P51 2.00 0.012 24.35 24.72 101%     
P52 2.25 0.003 15.91 24.50 154%     
P53 2.25 0.002 13.29 24.51 184%     
P54 2.25 0.002 13.21 24.55 186%     
P55 2.25 0.002 13.28 24.57 185%     
P56 2.00 0.004 13.75 24.58 179%     
P57 2.00 0.003 12.90 24.58 191%     
P58 2.00 0.003 12.77 24.58 192%     
P59 2.00 0.003 12.80 24.58 192%     
P60 1.75 0.006 12.23 24.58 201%     
P61 1.75 0.006 12.35 24.58 199%     
P62 1.75 0.006 12.34 24.58 199%     
P63 1.75 0.006 12.34 24.58 199%     
P64 1.75 0.006 12.38 24.58 199%     
P65 1.75 0.006 12.36 24.58 199%     
P66 1.75 0.006 12.30 24.58 200%     
P67 2.00 0.004 15.06 24.58 163%     
P68 1.75 0.009 15.35 22.22 145%     
P69 1.75 0.007 13.30 22.22 167%     
P70 1.75 0.008 13.85 22.22 160%     
P71 1.75 0.007 13.36 22.22 166%     
P72 1.75 0.008 13.80 22.22 161%     
P73 1.75 0.006 12.71 22.22 175%     
P74 1.75 0.006 12.64 22.22 176%     
P75 1.75 0.007 13.42 22.22 166%     
P76 1.75 0.008 13.78 22.22 161%     
P77 1.75 0.010 15.81 22.22 141%     
P78 1.75 0.010 15.81 22.22 141%     
P79 1.75 0.010 15.81 22.22 141%     
P80 1.75 0.010 15.57 22.22 143%     
P81 1.50 0.012 11.31 22.22 197%     
P82 1.50 0.012 11.34 22.22 196%     
P83 1.50 0.012 11.34 22.22 196%     
P84 1.50 0.012 11.41 22.22 195%     
P85 1.50 0.012 11.34 22.22 196%     
P86 1.50 0.012 11.60 22.22 192%     
P87 1.50 0.012 11.34 3.41 30%     
P88 1.50 0.014 12.22 2.74 22%     
P89 1.50 0.013 11.85 2.74 23%     
P90 1.50 0.012 11.29 2.74 24%     
P91 1.50 0.012 11.28 2.74 24%     
P92 1.75 0.011 16.47 0.90 5%     
P93 1.75 0.014 18.76 0.90 5%     
P94 1.75 0.014 18.67 0.90 5%     
P95 1.25 0.301 35.31 0.90 3%     
P96 2.25 0.002 13.75 0.90 7%     
P97 2.25 0.002 13.83 0.90 6%     
P98 2.25 0.002 13.95 0.90 6%     
P99 2.25 0.002 13.77 0.90 7%     

P100 2.25 0.002 13.91 0.90 6%     
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Table 7-1-B

Sewer Analysis Results (Ultimate Conditions)

Name
Diameter, 

ft

Slope 

(%)

Theoretical 

"Full" Flow (cfs)

Future 

Modeled Peak 

Flow (cfs)

Future % 

Full

P101 2.25 0.002 13.83 0.90 6%     
P102 2.25 0.002 13.65 0.90 7%     
P103 2.25 0.002 13.89 0.90 6%     
P104 2.25 0.002 13.90 0.90 6%     
P105 2.25 0.002 14.97 0.44 3%     
P106 2.25 0.002 13.66 0.47 3%     
P107 2.25 0.002 13.80 0.49 4%     
P108 2.25 0.002 13.95 0.49 4%     
P109 2.25 0.002 13.83 0.45 3%     
P110 2.25 0.002 13.79 0.48 3%     
P111 2.25 0.002 13.69 0.44 3%     
P112 2.25 0.002 13.92 0.45 3%     
P113 2.25 0.002 13.83 0.46 3%     
P114 2.25 0.002 13.83 0.44 3%     
P115 2.25 0.002 13.87 0.44 3%     
P116 2.25 0.002 13.89 0.44 3%     
P117 2.25 0.002 13.93 0.44 3%     
P118 2.25 0.002 13.79 0.44 3%     
P119 2.00 0.002 10.17 0.44 4%     
P120 2.00 0.002 10.51 0.44 4%     
P121 0.83 0.055 5.13 0.00 0%     
P130 2.00 0.028 37.51 19.01 51%     
P131 2.00 0.030 39.33 19.01 48%     
P132 2.00 0.030 39.37 19.01 48%     
P133 2.00 0.030 39.37 19.01 48%     
P134 2.00 0.068 58.80 19.01 32%     
P135 2.75 0.033 96.62 18.48 19%     
P136 1.75 0.069 41.49 18.48 45%     
P137 1.75 0.048 34.64 18.49 53%     
P138 2.00 0.026 36.73 18.49 50%     
P139 1.75 0.059 38.35 18.49 48%     
P140 1.75 0.060 38.62 18.48 48%     
P141 1.75 0.060 38.61 18.49 48%     
P142 1.75 0.034 29.12 18.49 63%     
P143 1.75 0.051 35.63 18.49 52%     
P144 1.75 0.041 31.88 18.49 58%     
P145 1.75 0.036 30.00 18.49 62%     
P146 1.75 0.044 32.99 18.49 56%     
P147 1.75 0.046 33.95 18.49 54%     
P148 1.75 0.051 35.63 18.49 52%     
P149 1.75 0.046 33.92 18.51 55%     
P150 1.75 0.037 30.31 18.98 63%     
P151 2.25 0.009 29.01 18.57 64%     
P152 2.25 0.016 39.05 18.57 48%     
P153 2.25 0.016 39.09 18.57 48%     
P154 2.25 0.009 29.02 18.57 64%     
P155 2.25 0.021 44.95 18.57 41%     
P156 2.25 0.021 44.71 18.57 42%     
P157 3.50 0.001 30.77 18.57 60%     
P158 3.50 0.001 27.58 17.61 64%     
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Table 7-1-B

Sewer Analysis Results (Ultimate Conditions)

Name
Diameter, 

ft

Slope 

(%)

Theoretical 

"Full" Flow (cfs)

Future 

Modeled Peak 

Flow (cfs)

Future % 

Full

P159 3.50 0.001 28.61 17.61 62%     
P160 3.50 0.001 28.39 17.61 62%     
P161 3.50 0.001 28.47 17.61 62%     
P162 3.50 0.001 28.47 13.75 48%     
P163 3.50 0.001 28.47 13.74 48%     
P164 3.50 0.001 28.47 13.75 48%     
P165 3.50 0.001 28.47 13.76 48%     
P166 3.50 0.001 28.47 13.77 48%     
P167 3.50 0.001 28.47 13.78 48%     
P168 3.50 0.001 28.47 13.79 48%     
P169 3.50 0.001 28.47 13.79 48%     
P170 3.50 0.001 28.19 13.80 49%     
P171 3.50 0.001 38.23 12.27 32%     
P172 1.67 0.012 30.38 12.28 40%     
P173 3.50 0.001 28.44 12.28 43%     
P174 2.50 0.001 13.50 9.87 73%     
P175 2.50 0.001 13.52 9.87 73%     
P176 2.50 0.001 13.44 9.88 73%     
P177 2.50 0.001 13.18 9.88 75%     
P178 2.50 0.001 13.68 9.88 72%     
P179 2.50 0.001 13.44 9.89 74%     
P180 2.50 0.001 13.48 9.89 73%     
P181 2.50 0.001 13.48 9.90 73%     
P182 2.00 0.002 10.10 7.47 74%     
P183 2.00 0.002 10.11 7.48 74%     
P184 2.00 0.002 10.04 7.48 74%     
P185 2.00 0.002 10.10 7.48 74%     
P186 2.00 0.002 10.10 7.49 74%     
P187 2.00 0.054 52.29 7.49 14%     
P188 2.00 0.002 9.81 7.49 76%     
P189 1.50 0.010 10.43 5.76 55%     
P190 1.50 0.010 10.48 5.76 55%     
P191 1.50 0.010 10.48 5.76 55%     
P192 1.50 0.012 11.37 5.29 47%     
P193 1.50 0.014 12.47 5.29 42%     
P194 1.50 0.019 14.57 5.64 39%     
P195 1.50 0.020 14.91 5.29 36%     
P196 1.50 0.020 14.82 5.29 36%     
P197 1.50 0.020 14.82 5.30 36%     
P198 1.50 0.010 10.49 5.29 50%     
P199 1.50 0.020 14.82 5.30 36%     
P200 1.50 0.009 10.05 5.30 53%     
P201 1.50 0.009 10.05 5.30 53%     
P202 1.50 0.010 10.47 5.31 51%     
P203 1.50 0.010 10.48 5.31 51%     
P204 1.50 0.011 11.21 5.31 47%     
P205 1.33 Force Main
P206 1.75 0.004 10.54 6.34 60%     
P207 1.50 0.002 5.20 3.32 64%     
P208 1.50 0.002 5.12 3.32 65%     
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Table 7-1-B

Sewer Analysis Results (Ultimate Conditions)

Name
Diameter, 

ft

Slope 

(%)

Theoretical 

"Full" Flow (cfs)

Future 

Modeled Peak 

Flow (cfs)

Future % 

Full

P209 1.50 0.002 5.17 2.66 51%     
P210 1.50 0.002 5.12 2.66 52%     
P211 1.50 0.002 5.11 2.66 52%     
P212 1.50 0.003 5.92 2.66 45%     
P213 1.50 0.073 28.27 2.66 9%     
P214 1.50 0.002 5.08 2.66 52%     
P215 1.50 0.002 5.15 2.66 52%     
P216 1.50 0.032 18.74 2.66 14%     
P217 1.50 0.032 18.74 2.66 14%     
P218 1.50 0.002 5.14 2.57 50%     
P219 1.00 0.083 10.20 2.18 21%     
P220 1.00 0.013 3.98 2.18 55%     
P221 1.00 0.009 3.44 2.29 67%     
P222 1.00 0.009 3.44 2.29 67%     
P223 1.00 0.009 3.44 2.25 65%     
P224 1.00 0.009 3.44 2.21 64%     
P225 1.00 0.015 4.34 2.19 50%     
P226 1.00 0.015 4.36 2.19 50%     
P227 1.00 0.015 4.35 2.19 50%     
P228 1.00 0.006 2.74 2.19 80%     
P229 1.00 0.006 2.75 2.19 80%     
P230 1.00 0.006 2.75 2.19 80%     
P231 1.00 0.006 2.75 2.19 80%     
P232 0.67 0.018 1.63 1.47 91%     
P233 0.67 0.049 2.65 0.75 28%     
P234 0.67 0.042 2.44 0.75 31%     
P235 0.83 0.010 2.16 0.72 33%     
P236 0.83 0.010 2.16 0.72 33%     
P237 0.83 0.010 2.16 0.72 33%     
P238 1.50 0.017 13.81 3.02 22%     
P239 1.50 0.017 13.74 3.02 22%     
P240 1.50 0.017 13.72 3.02 22%     
P241 1.00 0.004 2.24 0.68 30%     
P242 1.00 0.004 2.24 0.68 30%     
P243 1.00 0.032 6.39 0.68 11%     
P244 1.00 0.032 6.39 0.68 11%     
P245 1.00 0.032 6.39 0.68 11%     
P246 1.00 0.032 6.40 0.68 11%     
P247 1.00 0.026 5.72 0.68 12%     
P248 1.00 0.002 1.74 0.68 39%     
P249 1.00 0.002 1.74 0.69 39%     
P250 1.00 0.002 1.74 0.69 39%     
P251 1.00 0.008 3.22 0.69 21%     
P252 1.00 0.002 1.73 0.69 40%     
P253 1.25 0.026 10.36 2.35 23%     
P254 1.25 0.011 6.68 2.35 35%     
P255 1.00 0.023 5.41 1.18 22%     
P256 1.00 0.009 3.33 1.18 36%     
P257 1.00 0.044 7.44 1.18 16%     
P258 1.00 0.018 4.76 1.18 25%     
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Table 7-1-B

Sewer Analysis Results (Ultimate Conditions)

Name
Diameter, 

ft

Slope 

(%)

Theoretical 

"Full" Flow (cfs)

Future 

Modeled Peak 

Flow (cfs)

Future % 

Full

P259 1.00 0.012 3.89 1.18 30%     
P260 1.00 0.008 3.17 1.18 37%     
P261 1.00 0.007 2.89 1.18 41%     
P262 1.00 0.007 2.88 1.18 41%     
P263 0.83 0.032 3.90 1.18 30%     
P264 0.83 0.023 3.33 1.18 36%     
P265 0.83 0.034 4.04 1.18 29%     
P266 0.83 0.020 3.08 1.18 38%     
P267 0.83 0.025 3.46 1.18 34%     
P268 0.83 0.027 3.57 1.18 33%     
P269 0.83 0.019 3.03 1.19 39%     
P270 0.83 0.007 1.88 1.19 63%     
P271 0.67 0.013 1.38 1.19 86%     
P272 0.67 0.009 1.16 1.19 102%     
P273 0.67 0.010 1.17 1.19 101%     
P274 0.67 0.010 1.17 1.19 101%     
P275 0.67 0.009 1.16 1.20 103%     
P276 0.67 0.004 0.76 1.20 159%     
P277 1.25 0.014 7.75 2.64 34%     
P278 1.25 0.008 5.83 2.64 45%     
P279 1.25 0.008 5.91 2.64 45%     
P280 1.25 0.004 4.18 2.64 63%     
P281 1.25 0.007 5.53 2.64 48%     
P282 1.25 0.023 9.83 2.65 27%     
P283 1.25 0.005 4.74 2.65 56%     
P284 1.00 0.002 1.51 1.68 111%     
P285 1.00 0.002 1.50 1.68 112%     
P286 1.00 0.002 1.50 1.68 112%     
P287 1.00 0.002 1.51 1.68 112%     
P288 0.83 0.002 0.97 1.68 173%     
P290 2.75 0.008 46.66 19.01 41%     
P291 2.75 0.008 47.45 19.01 40%     
P292 2.75 0.008 47.06 19.01 40%     
P293 2.75 0.016 67.47 19.01 28%     
P294 2.75 0.009 51.38 19.01 37%     
P295 2.25 0.028 52.07 19.01 37%     
P296 2.00 0.025 35.68 19.01 53%     
P297 2.00 0.036 42.92 19.01 44%     
P298 2.00 0.058 54.35 19.01 35%     
P299 2.00 0.058 54.41 19.01 35%     
P300 2.00 0.028 37.57 19.01 51%     
P301 2.00 0.041 45.46 19.01 42%     
P302 2.00 0.046 48.23 19.01 39%     
P303 2.00 0.009 21.22 19.01 90%     
P304 2.00 0.028 37.49 19.01 51%     
P305 2.00 0.012 24.83 19.01 77%     
P306 2.00 0.009 21.44 19.01 89%     
P307 2.00 0.014 26.82 19.01 71%     

P307A 2.00 0.015 27.45 19.01 69%     

P308 1.25 0.009 6.01 5.70 100%1
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Table 7-1-B

Sewer Analysis Results (Ultimate Conditions)

Name
Diameter, 

ft

Slope 

(%)

Theoretical 

"Full" Flow (cfs)

Future 

Modeled Peak 

Flow (cfs)

Future % 

Full

P309 1.25 0.009 6.16 5.70 100%1

P310 1.25 0.010 6.28 5.70 100%1

P311 1.25 0.013 7.45 3.09 100%1

P311A 1.25 0.012 7.16 2.61 100%1

P311B 1.25 0.012 7.01 2.61 100%1

P311C 1.25 0.022 9.52 2.61 27%     
P311D 1.25 0.009 6.26 2.61 42%     

P312 1.00 0.011 3.71 2.26 100%1

P313 1.00 0.026 5.68 2.26 100%1

P314 0.83 0.025 3.43 2.26 100%1

P315 1.75 0.006 12.63 4.86 39%     
P316 1.75 0.006 12.59 4.86 39%     
P317 1.75 0.005 11.57 4.86 42%     

P318A 1.75 0.005 11.26 4.86 43%     
P319 1.00 0.016 4.50 4.74 105%     

P319A 1.00 0.022 5.31 0.12 2%     
P320 0.83 0.018 2.93 4.74 162%     
P321 0.83 0.020 3.09 4.74 153%     
P322 1.00 0.037 6.80 0.12 2%     
P323 1.00 0.042 7.24 4.87 67%     
P324 1.00 0.042 7.30 4.86 67%     
P325 1.25 0.024 10.06 1.71 17%     
P326 1.25 0.015 7.83 1.71 22%     
P327 0.83 0.021 3.15 1.71 54%     

P327A 1.00 0.018 4.70 3.15 67%     
P328 1.00 0.018 4.81 3.23 67%     

P329 1.17 0.004 3.46 2.31 100%1

P329A 1.00 0.003 1.98 1.28 100%1

P330 1.25 0.003 3.77 2.31 100%1

P331 1.25 0.003 3.59 2.30 100%1

P332 1.00 0.003 1.88 1.89 101%     
P333 1.00 0.003 1.88 1.89 100%     
P334 1.00 0.003 1.89 1.89 100%     

P335 1.00 0.003 1.92 1.62 100%1

P336 1.00 0.003 1.93 1.61 100%1

P337 1.00 0.003 1.94 1.59 100%1

P338 1.00 0.003 2.03 1.17 100%1

P339 0.83 0.003 1.23 1.17 100%1

P340 0.83 0.002 1.02 0.64 100%1

P341 0.83 0.003 1.15 0.64 100%1

P342 0.83 0.002 1.05 0.64 100%1

P343 0.83 0.003 1.25 0.64 100%1

P344 1.25 0.003 3.64 1.66 46%     
P345 1.25 0.003 3.62 1.36 38%     
P346 1.25 0.003 3.63 1.37 38%     
P347 1.25 0.003 3.56 1.37 38%     
P348 1.50 0.002 4.80 1.37 28%     
P349 1.50 0.003 5.41 1.37 25%     
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Table 7-1-B

Sewer Analysis Results (Ultimate Conditions)

Name
Diameter, 

ft

Slope 

(%)

Theoretical 

"Full" Flow (cfs)

Future 

Modeled Peak 

Flow (cfs)

Future % 

Full

P350 1.50 0.002 4.76 1.37 29%     
P351 1.25 0.002 2.94 1.06 36%     
P352 1.25 0.011 6.62 1.06 16%     
P353 1.25 0.012 6.96 1.06 15%     
P354 1.25 0.008 5.84 1.06 18%     
P355 1.25 0.010 6.44 1.06 16%     

P356 0.67 0.011 1.26 0.25 100%1

P357 0.67 0.011 1.23 0.25 100%1

P358 0.67 0.011 1.23 0.25 20%     
P359 0.67 0.010 1.23 0.25 21%     
P360 0.67 0.011 1.23 0.25 20%     
P361 0.67 0.010 1.20 0.09 8%     
P362 0.67 0.011 1.27 0.09 7%     
P363 0.67 0.011 1.27 0.09 7%     
P364 0.67 0.010 1.17 0.09 8%     

P365 0.67 0.003 0.65 0.58 100%1

P366 0.67 0.006 0.97 0.52 100%1

P367 0.67 0.022 1.78 0.52 29%     
P368 0.67 0.007 1.00 0.26 26%     
P369 0.67 0.012 1.32 0.26 20%     
P370 0.67 0.012 1.34 0.26 19%     
P371 0.67 0.013 1.37 0.26 19%     

P372 0.67 0.005 0.81 0.51 100%1

P373 0.67 0.005 0.82 0.51 62%     
P374 0.67 0.004 0.74 0.51 70%     
P375 0.67 0.004 0.80 0.51 64%     
P376 0.67 0.008 1.08 0.26 24%     
P377 0.67 0.008 1.04 0.26 25%     
P378 0.67 0.017 1.57 0.26 16%     
P379 0.67 0.014 1.44 0.26 18%     
P380 0.67 0.012 1.29 0.26 20%     
P381 0.67 0.010 1.20 0.26 21%     
P382 0.67 0.010 1.21 0.26 21%     
P383 0.67 0.010 1.22 0.26 21%     
P384 0.67 0.010 1.20 0.26 21%     
P385 0.67 0.010 1.22 0.26 21%     
P386 0.67 0.010 1.18 0.26 22%     
P387 0.67 0.010 1.21 0.26 21%     
P388 0.67 0.009 1.15 0.26 22%     
P389 1.50 0.013 12.03 0.44 4%     
P390 1.25 0.020 9.11 0.44 5%     
P391 1.25 0.019 8.85 0.44 5%     
P392 1.25 0.018 8.62 0.44 5%     
P393 1.50 0.007 8.86 0.44 5%     
P394 1.50 0.007 8.72 0.44 5%     
P395 1.50 0.001 2.63 0.44 17%     
P396 1.00 0.033 6.45 0.44 7%     
P397 1.00 0.247 17.64 0.22 1%     
P398 1.25 0.010 6.56 0.22 3%     
P399 1.25 0.010 6.51 0.22 3%     
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Table 7-1-B

Sewer Analysis Results (Ultimate Conditions)

Name
Diameter, 

ft

Slope 

(%)

Theoretical 

"Full" Flow (cfs)

Future 

Modeled Peak 

Flow (cfs)

Future % 

Full

P400 1.25 0.010 6.58 0.22 3%     
P401 1.25 0.028 10.69 0.22 2%     
P402 1.25 0.014 7.73 0.22 3%     
P403 1.25 0.033 11.78 0.22 2%     
P404 1.25 0.022 9.51 0.22 2%     
P405 1.25 0.335 37.25 0.22 1%     
P406 1.25 0.209 29.45 0.22 1%     
P407 1.25 0.040 12.93 0.22 2%     
P408 0.83 0.034 4.04 1.86 46%     
P409 0.83 0.190 9.49 1.86 20%     
P410 0.67 0.066 3.07 1.86 60%     
P411 0.67 0.074 3.26 1.86 57%     
P412 0.67 0.077 3.33 1.86 56%     

1. Due to back-up in sewer system.
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Tequesquite Trunk Sewer Study 
December, 2003 24   

    

 
 

7.0 DEFICIENCIES AND SOLUTIONS 
 

 
 7.1  Deficient and Marginally Deficient Pipes 

 
The City’s design criteria for sewer lines allows pipes to flow at a 
ratio of 75% of “full” hydraulic capacity.  Assuming that “full” 
capacity is the maximum hydraulic capacity of a pipe flowing 
under gravity (non-pressure) conditions, Mannings equation 
shows that maximum flow occurs when a pipe reaches a flow 
depth ratio of about 95% d/D. 

 
Pipe reaches which fail the “75% full” criteria for both existing and 
future flow conditions are shown in Table 7-2 and Figures 18 and 
20.  It is seen that portions of the modeled trunk system are 
already flowing at greater than “75% full”, and several reaches are 
computed to be over 100% full (surcharge conditions).  At ultimate 
conditions, numerous additional reaches are shown to surcharge 
or exceed the “75% full” criteria. 
 
The pipes that are currently deficient are shown in Figure 18 
whereas the pipes that are currently deficient in velocity are 
shown in Figure 19. The pipes that would be deficient in flow in 
the future are shown in Figure 20. 
 
 

7.2  Project Prioritization Methodology 
    

The 75% full criteria is useful for analyzing deficient pipes and as 
a basis for sizing new facilities.  However, the criteria is not 
necessarily the trigger point for replacement or augmentation of 
an existing sewer line. 

 
In most cases, a sewer entity would not implement a relief project 
until capacity problems are actually observed or known to be 
imminent. 

 
 A recommended system of project prioritization is the 
categorization of deficient sewer lines in different priorities, where 
the “A” priority projects are imminently needed and the “B” and “C” 
projects require further considerations for replacement. Priority 
classifications are described as follows: 
 
Priority “A” – The pipes listed within this priority are currently 
deficient and are flowing more than 90% full under maximum flow 
condition. These pipes need replacement / re-habilitation in near 
future (year 2004-2007). 
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Table 7-2

Proposed Construction Prioritization and Schedule

Pipe Name Length (ft) Existing 

Pipe Size 

(inch)

Existing % 

Full

Future % 

Full

Proposed 

Pipe Size 

(inch)

New % 

Full for 

Future 

Flow

Priority Approximate 

Replacement Period 

P01 62 27 72% 120%     36 56%     B 2008-2013

P02 219 27 71% 119%     36 55%     B 2008-2013

P03 296 27 68% 113%     36 52%     B 2008-2013

P04 225 27 65% 109%     36 50%     B 2008-2013

P05 457 27 68% 113%     36 52%     B 2008-2013

P06 387 27 79% 131%     36 61%     B 2008-2013

P07 207 27 76% 127%     36 59%     B 2008-2013

P08 94 27 80% 133%     36 61%     B 2008-2013

P09 138 27 73% 124%     36 57%     B 2008-2013

P10 38 30 70% 119%     36 73%     B 2008-2013

P11 40 30 72% 122%     42 50%     B 2008-2013

P12 85 27 68% 115%     42 35%     B 2008-2013

P13 257 27 62% 106%     42 32%     B 2008-2013

P14 16 24 74% 126%     42 28%     B 2008-2013

P15 450 21 157% 276%     42 43%     A 2004-2007

P16 180 21 140% 246%     42 39%     A 2004-2007

P17 24 21 139% 246%     42 38%     A 2004-2007

P18 198 24 157% 277%     42 62%     A 2004-2007

P19(Siphon) 97 2-15 120% 236%     2-18 144%     C 2014-2018

P20 144 27 84% 165%     42 51%     A 2004-2007

P21 571 27 74% 145%     42 44%     B 2008-2013

P22 133 27 72% 141%     42 43%     B 2008-2013

P23 414 27 74% 145%     42 44%     B 2008-2013

P24 200 24 61% 119%     42 27%     B 2008-2013

P25 50 27 100% 197%     42 60%     A 2004-2007

P26 200 27 73% 144%     42 44%     B 2008-2013

P27 39 27 52% 107%     42 33%     B 2008-2013

P28 111 27 67% 137%     42 42%     B 2008-2013

P29 177 27 67% 138%     42 42%     B 2008-2013

P30 281 27 67% 138%     42 42%     B 2008-2013

P31 105 27 69% 141%     42 43%     B 2008-2013

P32 39 27 70% 144%     42 44%     B 2008-2013

P33 15 27 61% 125%     42 38%     B 2008-2013

P34 163 27 68% 139%     42 43%     B 2008-2013

P35 44 27 70% 143%     42 44%     B 2008-2013

P36 265 27 59% 121%     42 37%     B 2008-2013

P37 638 27 59% 121%     42 37%     B 2008-2013

P38 151 24 60% 123%     42 27%     B 2008-2013

P39 190 27 59% 121%     42 37%     B 2008-2013

P40 145 27 60% 123%     42 38%     B 2008-2013

P41 370 27 53% 107%     42 33%     B 2008-2013

P42 27 27 30% 62%     

P43 184 24 63% 129%     42 29%     B 2008-2013

P44 7 24 59% 121%     42 27%     B 2008-2013

P45 290 24 64% 130%     42 29%     B 2008-2013

P46 309 24 64% 131%     42 29%     B 2008-2013

P47 152 24 32% 65%     

P48 28 24 12% 24%     

P49 157 24 83% 168%     42 38%    B 2008-2013

P50(Siphon) 358 1-18 257% 524%     2-18 261%    A 2008-20132

P51 227 24 50% 102%     42 23%    B 2008-2013

P52 15 27 75% 155%     42 47%    B 2008-2013

P53 249 27 90% 185%     42 57%    A 2004-2007

P54 280 27 90% 186%     42 57%    A 2004-2007

P55 195 27 90% 185%     42 57%    A 2004-2007

P56 246 24 87% 179%     36 61%    B 2004-20071

P57 236 24 93% 191%     36 65%    A 2004-2007

P58 166 24 94% 192%     36 65%    A 2004-2007

P59 259 24 94% 192%     36 65%    A 2004-2007

P60 312 21 99% 201%     36 48%    A 2004-2007

P61 190 21 98% 199%     36 47%    A 2004-2007

P62 225 21 98% 199%     36 47%    A 2004-2007

P63 217 21 98% 199%     36 47%    A 2004-2007

P64 211 21 97% 199%     36 47%    A 2004-2007

P65 174 21 98% 199%     36 47%    A 2004-2007

P66 274 21 98% 200%     36 47%    A 2004-2007

P67 106 24 80% 163%     36 55%    B 2008-2013

P68 458 21 70% 145%     36 34%    B 2008-2013

P69 260 21 81% 167%     33 50%    B 2008-2013

P70 304 21 77% 160%     33 48%    B 2008-2013

P71 380 21 80% 166%     33 50%    B 2008-2013

P72 179 21 78% 161%     33 48%    B 2008-2013

P73 144 21 84% 175%     33 52%    B 2008-2013

P74 610 21 85% 176%     33 53%    B 2008-2013

P75 650 21 80% 166%     33 50%    B 2008-2013
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Table 7-2

Proposed Construction Prioritization and Schedule

Pipe Name Length (ft) Existing 

Pipe Size 

(inch)

Existing % 

Full

Future % 

Full

Proposed 

Pipe Size 

(inch)

New % 

Full for 

Future 

Flow

Priority Approximate 

Replacement Period 

P76 344 21 78% 161%     33 48%    B 2008-2013

P77 578 21 68% 141%     33 42%    B 2008-2013

P78 628 21 68% 141%     33 42%    B 2008-2013

P79 600 21 68% 141%     33 42%    B 2008-2013

P80 500 21 69% 143%     33 43%    B 2008-2013

P81 453 18 95% 197%     33 39%    A 2004-2007

P82 73 18 95% 196%     33 39%    A 2004-2007

P83 118 18 95% 196%     33 39%    A 2004-2007

P84 48 18 94% 195%     33 39%    A 2004-2007

P85 177 18 95% 196%     33 39%    A 2004-2007

P86 9 18 92% 192%     33 38%    A 2004-2007

P87 203 18 30% 30%     

P88 525 18 22% 22%     

P89 525 18 23% 23%     

P90 675 18 24% 24%     

P91 720 18 24% 24%     

P92 177 21 5% 5%     

P93 287 21 5% 5%     

P94 246 21 5% 5%     

P95 201 15 3% 3%     

P96 81 27 7% 7%     

P97 75 27 6% 6%     

P98 133 27 6% 6%     

P99 313 27 7% 7%     

P100 178 27 6% 6%     

P101 90 27 6% 6%     

P102 252 27 7% 7%     

P103 243 27 6% 6%     

P104 193 27 6% 6%     

P105 209 27 3% 3%     

P106 97 27 3% 3%     

P107 181 27 4% 4%     

P108 197 27 4% 4%     

P109 175 27 3% 3%     

P110 247 27 3% 3%     

P111 97 27 3% 3%     

P112 281 27 3% 3%     

P113 350 27 3% 3%     

P114 150 27 3% 3%     

P115 204 27 3% 3%     

P116 303 27 3% 3%     

P117 389 27 3% 3%     

P118 342 27 3% 3%     

P119 257 24 4% 4%     

P120 245 24 4% 4%     

P121 134 10 0% 0%     

P130 471 24 21% 51%     

P131 465 24 20% 48%     

P132 495 24 20% 48%     

P133 496 24 20% 48%     

P134 63 24 14% 32%     

P135 172 33 8% 19%     

P136 400 21 19% 45%     

P137 500 21 23% 53%     

P138 500 24 21% 50%     

P139 500 21 21% 48%     

P140 173 21 20% 48%     

P141 327 21 20% 48%     

P142 500 21 27% 63%     

P143 500 21 22% 52%     

P144 525 21 25% 58%     

P145 95 21 26% 62%     

P146 480 21 24% 56%     

P147 500 21 23% 54%     

P148 500 21 22% 52%     

P149 500 21 23% 55%     

P150 370 21 26% 63%     

P151 505 27 27% 64%     

P152 244 27 20% 48%     

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxB-Tequesquite Report.pdf



Table 7-2

Proposed Construction Prioritization and Schedule

Pipe Name Length (ft) Existing 

Pipe Size 

(inch)

Existing % 

Full

Future % 

Full

Proposed 

Pipe Size 

(inch)

New % 

Full for 

Future 

Flow

Priority Approximate 

Replacement Period 

P153 248 27 20% 48%     

P154 283 27 27% 64%     

P155 492 27 17% 41%     

P156 450 27 18% 42%     

P157 107 42 26% 60%     

P158 293 42 26% 64%     

P159 173 42 25% 62%     

P160 327 42 25% 62%     

P161 500 42 25% 62%     

P162 500 42 25% 48%     

P163 1000 42 25% 48%     

P164 400 42 23% 48%     

P165 500 42 23% 48%

P166 500 42 23% 48%

P167 500 42 23% 48%

P168 500 42 23% 48%

P169 475 42 23% 48%

P170 446 42 24% 49%

P-171 14 42 15% 32%

P172 100 20 19% 40%

P173 426 42 21% 43%

P174 212 30 41% 73%

P175 377 30 41% 73%

P176 400 30 42% 73%

P177 193 30 42% 75% 36 46% C 2014-20187

P178 207 30 41% 72%

P179 400 30 42% 74%

P180 425 30 42% 73%

P181 407 30 42% 73%

P182 430 24 52% 74%

P183 504 24 52% 74%

P184 506 24 53% 74%

P185 500 24 52% 74%

P186 450 24 52% 74%

P187 350 24 10% 14%

P188 520 24 54% 76% 30 42% C 2014-20187

P189 454 18 37% 55%

P190 450 18 37% 55%

P191 450 18 37% 55%

P192 450 18 33% 47%

P193 441 18 30% 42%

P194 30 18 26% 39%

P195 400 18 25% 36%

P196 450 18 27% 36%

P197 450 18 26% 36%

P198 411 18 36% 50%

P199 439 18 26% 36%

P200 450 18 38% 53%

P201 450 18 38% 53%

P202 450 18 36% 51%

P203 450 18 36% 51%

P204 435 18 34% 47%

P205 8178 16 Force Main

P206 56 21 43% 61%

P207 65 18 48% 64%

P208 176 18 49% 65%

P209 25 18 37% 51%

P210 465 18 38% 52%

P211 462 18 38% 52%

P212 13 18 33% 45%

P213 174 18 7% 9%

P214 174 18 38% 52%

P215 228 18 38% 52%

P216 106 18 10% 14%

P217 344 18 10% 14%

P218 424 18 36% 50%
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Table 7-2

Proposed Construction Prioritization and Schedule

Pipe Name Length (ft) Existing 

Pipe Size 

(inch)

Existing % 

Full

Future % 

Full

Proposed 

Pipe Size 

(inch)

New % 

Full for 

Future 

Flow

Priority Approximate 

Replacement Period 

P219 86 12 14% 21%

P220 401 12 37% 55%

P221 450 12 42% 67%

P222 450 12 42% 67%

P223 450 12 42% 65%

P224 450 12 42% 64%

P225 316 12 34% 50%

P226 131 12 33% 50%

P227 203 12 33% 50%

P228 450 12 53% 80% 15 44% C 2014-2018

P229 450 12 53% 80% 15 44% C 2014-2018

P230 450 12 53% 80% 15 44% C 2014-2018

P231 429 12 53% 80% 15 44% C 2014-2018

P232 149 8 47% 91% 15 17% B 2014-20184

P233 260 8 3% 28%

P234 294 8 3% 31%

P235 450 10 32% 33%

P236 210 10 32% 33%

P237 146 10 32% 33%

P238 225 18 15% 22%

P239 270 18 15% 22%

P240 70 18 15% 22%

P241 310 12 27% 30%

P242 300 12 27% 30%

P243 172 12 9% 11%

P244 203 12 9% 11%

P245 285 12 9% 11%

P246 90 12 9% 11%

P247 350 12 10% 12%

P248 400 12 34% 39%

P249 391 12 34% 39%

P250 442 12 34% 39%

P251 437 12 19% 21%

P252 156 12 35% 40%

P253 352 15 14% 23%

P254 338 15 21% 36%

P255 337 12 13% 22%

P256 300 12 22% 36%

P257 400 12 10% 16%

P258 380 12 15% 25%

P259 320 12 19% 31%

P260 350 12 23% 38%

P261 201 12 25% 42%

P262 99 12 25% 42%

P263 350 10 19% 31%

P264 274 10 22% 36%

P265 277 10 18% 30%

P266 301 10 24% 39%

P267 302 10 21% 35%

P268 351 10 20% 34%

P269 350 10 24% 40%

P270 348 10 39% 64%

P271 352 8 53% 88% 10 48% C 2008-2013
6

P272 277 8 63% 104% 10 57% B 2008-2013

P273 23 8 62% 103% 10 56% B 2008-2013

P274 300 8 62% 103% 10 56% B 2008-2013

P275 299 8 63% 104% 10 57% B 2008-2013

P276 299 8 96% 161% 12 60% A 2008-20132

P277 435 15 4% 34%

P278 440 15 5% 45%

P279 428 15 5% 45%

P280 574 15 8% 63%

P281 710 15 6% 48%

P282 123 15 3% 27%

P283 24 15 7% 56%

P284 339 12 66% 111% 18 46% B 2008-2013

P285 343 12 67% 112% 18 47% B 2008-2013

P286 337 12 67% 112% 18 47% B 2008-2013

P287 338 12 67% 112% 18 46% B 2008-2013

P288 380 10 104% 173% 18 44% A 2004-2007

P290 12 33 17% 41%

P291 190 33 17% 40%

P292 521 33 17% 40%
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Table 7-2

Proposed Construction Prioritization and Schedule

Pipe Name Length (ft) Existing 

Pipe Size 

(inch)

Existing % 

Full

Future % 

Full

Proposed 

Pipe Size 

(inch)

New % 

Full for 

Future 

Flow

Priority Approximate 

Replacement Period 

P293 507 33 12% 28%

P294 507 33 16% 37%

P295 507 27 15% 37%

P296 246 24 22% 53%

P297 450 24 19% 44%

P298 450 24 15% 35%

P299 450 24 15% 35%

P300 450 24 21% 51%

P301 450 24 18% 42%

P302 450 24 17% 39%

P303 450 24 38% 90% 30 49.38% B 2014-20185

P304 450 24 21% 51%

P305 450 24 32% 77% 30 42.18% C 2014-20185

P306 446 24 37% 89% 30 48.85% C 2014-20185

P307 454 24 30% 71%

P307A 254 24 29% 69%

P308 46 15 100%8
77% 18 58.43% C 2014-2018

P309 400 15 100%8
75% 18 56.95% C 2014-2018

P310 100 15 100%8
73% See Appendix "C"

P311 23 15 100%8
35% See Appendix "C"

P311A 227 15 100%8
28% See Appendix "C"

P311B 324 15 100%8
29% See Appendix "C"

P311C 54 15 26% 21%

P311D 32 15 39% 32%

P312 569 12 100%8
48% See Appendix "C"

P313 27 12 100%8
32% See Appendix "C"

P314 34 10 100%8
52% See Appendix "C"

P315 348 21 36% 30%

P316 377 21 36% 30%

P317 28 21 39% 33%

P318A 8 21 40% 34%

P319 21 12 65% 84% 15 52.05% C 2004-20073

P319A 361 12 30% 30%

P320 396 10 100%8
130% 15 49.11% A 2004-2007

P321 20 10 100%8
123% 15 46.48% A 2004-2007

P322 15 12 23% 23%

P323 178 12 62% 52%

P324 132 12 62% 52%

P325 13 15 16% 13%

P326 68 15 20% 17%

P327 10 10 50% 42%

P327A 87 12 62% 53%

P328 397 12 60% 48%

P329 33 14 100%
8

34% See Appendix "C"

P329A 397 12 100%8
58% See Appendix "C"

P330 355 15 100%8
31% See Appendix "C"

P331 10 15 100%8
32% See Appendix "C"

P332 395 12 100%8
37% See Appendix "C"

P333 118 12 100%8
37% See Appendix "C"

P334 282 12 100%8
37% See Appendix "C"

P335 164 12 100%8
22% See Appendix "C"

P336 250 12 100%8
22% See Appendix "C"

P337 429 12 100%8
22% See Appendix "C"

P338 412 12 100%8
3% See Appendix "C"

P339 399 10 100%8
52% Abandon in place

P340 206 10 100%8
63% See Appendix "C"

P341 18 10 100%8
56% See Appendix "C"

P342 172 10 100%8
61% See Appendix "C"

P343 395 10 100%8
134% See Appendix "C"

P344 545 15 35% 37%

P345 303 15 28% 38%

P346 242 15 28% 38%

P347 294 15 29% 38%

P348 72 18 21% 28%

P349 109 18 19% 25%

P350 68 18 21% 22%
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Table 7-2

Proposed Construction Prioritization and Schedule

Pipe Name Length (ft) Existing 

Pipe Size 

(inch)

Existing % 

Full

Future % 

Full

Proposed 

Pipe Size 

(inch)

New % 

Full for 

Future 

Flow

Priority Approximate 

Replacement Period 

P351 24 15 27% 36%

P352 315 15 12% 16%

P353 267 15 11% 15%

P354 38 15 14% 18%

P355 157 15 12% 4%

P356 115 8 100%8
20% See Appendix "C"

P357 100 8 100%8
20% See Appendix "C"

P358 423 8 20% 20%

P359 205 8 21% 21%

P360 395 8 20% 7%

P361 201 8 8% 8%

P362 197 8 7% 7%

P363 398 8 7% 7%

P364 378 8 8% 44%

P365 651 8 100%8
80% 10 44% A 2004-20073

P366 401 8 100%8
54% See Appendix "C"

P367 195 8 29% 15%

P368 399 8 26% 26%

P369 197 8 20% 20%

P370 201 8 19% 19%

P371 400 8 19% 38%

P372 219 8 100%8
64% See Appendix "C"

P373 211 8 63% 62%

P374 212 8 70% 70%

P375 203 8 65% 32%

P376 184 8 24% 24%

P377 13 8 25% 25%

P378 198 8 16% 16%

P379 132 8 18% 18%

P380 69 8 20% 20%

P381 199 8 21% 21%

P382 181 8 21% 21%

P383 16 8 21% 21%

P384 201 8 22% 21%

P385 117 8 21% 21%

P386 21 8 22% 22%

P387 255 8 21% 21%

P388 11 8 22% 22%

P389 166 18 4% 4%

P390 170 15 5% 5%

P391 189 15 5% 5%

P392 288 15 5% 5%

P393 330 18 5% 5%

P394 181 18 5% 5%

P395 143 18 17% 17%

P396 304 12 7% 7%

P397 81 12 1% 1%

P398 194 15 3% 3%

P399 246 15 3% 3%

P400 72 15 3% 3%

P401 250 15 2% 2%

P402 206 15 3% 3%

P403 217 15 2% 2%

P404 413 15 2% 2%

P405 93 15 1% 1%

P406 130 15 1% 1%

P407 71 15 2% 2%

P408 433 10 45% 46%

P409 113 10 19% 20%

P410 379 8 59% 60%

P411 311 8 55% 57%

P412 311 8 56% 56%
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Table 7-2

Proposed Construction Prioritization and Schedule

Pipe Name Length (ft) Existing 

Pipe Size 

(inch)

Existing % 

Full

Future % 

Full

Proposed 

Pipe Size 

(inch)

New % 

Full for 

Future 

Flow

Priority Approximate 

Replacement Period 

New Pipelines:

L440 414 12 A 2004-2007

L441 393 12 A 2004-2007

L442 396 12 A 2004-2007

L443 398 12 A 2004-2007

P1000 730 27 C 2014-2018

P1001 735 27 C 2014-2018

P1002 1160 27 C 2014-2018

P1003 560 27 C 2014-2018

P1004 1900 27 C 2014-2018

P1005 5260 27 C 2014-2018

P1005A 2650 27 C 2014-2018

P1006 650 27 C 2014-2018

P1013 2070 30 C 2014-2018

P1013A 250 30 C 2014-2018

P1014 1470 30 C 2014-2018

P1015 2060 30 C 2014-2018

P1016 360 30 C 2014-2018

P1017 195 30 C 2014-2018

P1018 195 30 C 2014-2018

P1019 350 30 C 2014-2018

P1020 570 30 C 2014-2018

Notes:

1. Although this pipeline is under priority "B" it is proposed to be replaced in the period 2004-2007 to maintain continuity.

2. This segment of pipeline is a Siphon and would require replacement / re-habilitation in the period 2008-2013.

3. This segment is part of proposed improvement of Market Street so it is proposed to be replaced in the period 2004-2007.

4. Although this pipeline is under priority "B" it is proposed to be replaced in the period 2014-2018 to maintain continuity.

5. Although this pipeline is under priority "C" this segment would not be replaced due to proposed diversion of flow along Cyn Crest.

6. Although this pipeline is under priority "C" it is proposed to be replaced in the period 2008-2013 to maintain continuity.

7. Although this pipeline is under priority "C" (approx. 75% full), it may not have capacity problem in future due to larger diameter.

8. Surcharging conditions due to back-up in sewer system.
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Tequesquite Trunk Sewer Study 
December, 2003 25   

    

Priority “B” – The pipes listed in this priority would be flowing more 
than 90% full in the future under maximum flow condition. A linear 
interpolation was done for anticipation of mid term flow in pipes 
between current year (2003) and ultimate year (2018). These 
pipes need evaluation as new development takes place in the 
tributary area. The flow monitoring within the study area should be 
considered for actual flow measurements. The pipes under this 
priority are grouped for replacement / re-habilitation in the period 
(2008-2013). 
 
Priority “C” – The existing trunk sewer system would not be 
capable to handle anticipated ultimate flow without excess 
construction activities for replacement or re-habilitation of sewer 
system in the Victoria Country Club area. Also, an alternative 
sewer system would be required for the proposed expansion of 
UCR in Chicago Ave. - MLK Blvd. area. An alternative relief trunk 
sewer system (described separately) would intercept sewage flow 
from the existing sewer system at the intersection of Canyon Crest 
Dr. and Central Avenue to relieve the existing sewer system. This 
proposed new sewer system and pipelines in the existing sewer 
system that would flow more than 75% full under future flow 
conditions be listed under priority “C”. An evaluation of the existing 
system would be required before undertaking this priority. 
 

7.3  Recommended Improvements 
 

Table 7.3 lists project priority, project location, problem, solution 
and approximate cost for problem reaches.  This table identifies 
immediate and future problems in the sewer lines and suggested 
solutions for that. The project cost is based on year 2003 prices.  

 
 
 

7.4  Grouping of Projects 
 

Proposed improvements under different priorities have been 
combined or grouped into projects to improve deficient and 
marginally deficient pipes based on following criteria: 
 

• Pipes identified as either deficient (Priority “A”) or marginally 
deficient (Priority “B”), located geographically close to one 
another and requiring improvements in future (2004-2013) are 
grouped to reduce improvement costs. 

• Some pipe reaches identified as marginally deficient (Priority 
“B”) and marginally deficient in future (Priority “C”) are grouped 
together for the same reason as mentioned above. However, 
improvements of these reaches would not be required until 
year 2014. 

• Pipes identified in Priority “A” and Priority “C” in Market Street 
area are grouped together because the City is proposing 
improvements of Market Street in near future. 
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Table 7-3

Summary of Improvement Plans for Problem Areas

Priority Location Pipes Problem Solution Approx. Cost (2003 $'s)

"A"  (See Figure 
21 and Table 7-7-

A for details of 
pipes)

Tequesquite 
Avenue

Pipes P15 to P18, Pipe 
P20 and Pipe P25

Immediate Capacity 
Problem in the reach M25 
to M14 due to flat slopes. 
Surcharging conditions.

Replace pipes with  larger size pipes 
maintaining the same slope

$568,000

Hwy 91 / Victoria 
Country Club

Pipes P53 to P66 and 
P81 to P86

Immediate Capacity 
Problem in the reach M67 
to M53 and reach M87 to 
M81 due to flat slopes. 
Surcharging conditions.

Replace pipes with  larger size pipes 
maintaining the same slope

$1,512,000

Eastridge Avenue Pipe P288 Immediate Capacity 
Problem in the reach M289 
to M288 due to flat slope 
and smaller pipe size. 
Surcharging conditions.

Replace pipe with  larger size pipe 
maintaining the same slope

$102,000

`

13th Street Pipes P319, P320 and 
P321

Immediate Capacity 
Problem in the reach M320 
to M318 due to flat slopes, 
old pipes and smaller pipe 
sizes. Surcharging 
conditions.

Replace pipes with  larger size pipes 
maintaining the same slope

$112,000

5th Street1 Pipe365 Immediate Capacity 
Problem in the reach M366 
to M340 due to flat slopes, 
old pipes and smaller pipe 
sizes. Surcharging 
conditions.

Replace pipe with  larger size pipe 
maintaining the same slope

$123,000

5th Street (New 

Pipeline)1

Pipes L440, L441, L442 
and L443

Immediate Capacity 
Problems in the reach 
M340 to M328 due to flat 
slopes and smaller pipe 
sizes. Surcharging 
conditions.

Divert part of flow along Market Street at 
Manhole M340 along a proposed pipeline 
along 5th Street east of M340.

$340,000

Total Cost for Priority "A" Projects (2004-

2007 Replacement / Rehabilitation) 

$2,757,000

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxB-Tequesquite Report.pdf



Table 7-3

Summary of Improvement Plans for Problem Areas

Priority Location Pipes Problem Solution Approx. Cost (2003 $'s)

"B"  (See Figure 
22 and Table 7-7-

B for details of 
pipes)

Tequesquite 
Avenue

Pipes P01 to P14 and 
pipes Pipe P21 to P24

Future Capacity Problem 
due to increased flow in the 
system. The main 
contributor will be proposed 
Industrial Business Park 
(IBP) near Fwy 215 and 
Sycamore Canyon 
Boulevard.

Replace pipes with  larger size pipes 
maintaining the same slope

$1,868,000

Riverside 
Community 

College (R.C.C.)

Pipes P26 to P46, Pipe 
P50(Siphon) 

Future Capacity Problem 
due to increased flow in the 
system. The main 
contributor will be proposed 
Industrial Business Park 
(IBP) near Fwy 215 and 
Sycamore Canyon 
Boulevard.

Replace pipes with  larger size pipes 
maintaining the same slope

$2,675,000

Hwy 91 / Victoria 
Country Club

Pipes P51, P52 and 
pipes P67 to P80

Future Capacity Problem 
due to increased flow in the 
system. The main 
contributor will be proposed 
Industrial Business Park 
(IBP) near Fwy 215 and 
Sycamore Canyon 
Boulevard.

Replace pipes with  larger size pipes 
maintaining the same slope

$1,534,000

Eastridge Avenue Pipe P284 to P287 Future Capacity Problem in 
the reach M284 to M288 
due to the proposed IBP 
development and smaller 
pipe sizes. 

Replace pipe with  larger size pipe 
maintaining the same slope

$347,000

Trautwein Road Pipes P271 to P276 Future Capacity Problems 
in the reach M277 to M270 
due to proposed 
development in the area, 
smaller pipe sizes. 

Replace pipes with  larger size pipes 
maintaining the same slope

$310,000

Total Cost for Priority "B" Projects (2008-

2013 Replacement / Rehabilitation)

$6,734,000

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxB-Tequesquite Report.pdf



Table 7-3

Summary of Improvement Plans for Problem Areas

Priority Location Pipes Problem Solution Approx. Cost (2003 $'s)

"C"  (See Figure 
23 and Table 7-7-

C for details of 
pipes)

Tequesquite 
Avenue

Pipe P19(Siphon) Future Capacity Problem 
due to increased flow in the 
system. The main 
contributor will be proposed 
Industrial Business Park 
(IBP) near Fwy 215 and 
Sycamore Canyon 
Boulevard.

Replace siphon pipes with  larger size pipes 
maintaining the same slope

$147,000

Wood Road Pipe P228 to P232 Future Capacity problem 
due to proposed new 
developments and smaller 
pipe sizes. 

Replace pipes with  larger size pipes 
maintaining the same slope

$407,000

Brockton Avenue Pipes P308, P309 Future Capacity Problem in 
the reach due to smaller 
pipe sizes.

Replace pipes with  larger size pipes 
maintaining the same slope

$123,000

NEW PIPELINES:

Cridge Avenue New pipes Pipe P1015 
to P1020

Future capacity 
problem.The existing sewer 
system would not be 
capable to handle 
anticipated future flow 
coming into the system 
primarily from the proposed 
IBP development without 
excessive construction 
activities in the Victoria 
Country Club area. This 
would necessitate exploring 
other alternatives for 
diversion of flow.

New pipeline for diversion of flow. Pipe size 
based on anticipated flow.

$1,915,000

Victoria Avenue New pipes Pipe P1014 
and P1013A

Same as above Same as above $594,000

Pennsylvania 
Avenue

New  Pipe P1013 Same as above Same as above $718,000

Martin Luther King 
Boulevard

New  Pipe P1005, 
P1005A and P1006

Same as above Same as above $2,847,000

Canyon Crest 
Drive

New  Pipe P1000 to 
P1004

Same as above Same as above $1,649,000

Total Cost for Priority "C" Projects (2014-

2018 Replacement / Rehabilitation)

$8,400,000

1. See Appendix "C"
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7.5  Construction Schedule  

 
A summary of proposed construction prioritization and 
recommended scheduling is shown in Table 7-2. This table lists 
construction priorities and the year in which these activities are 
proposed. The pipes falling under priority “A” need near term 
replacement (2004-2007) whereas priority “B” and “C” pipes would 
need re-evaluation before their replacement.  
 
 
 

 
7.6   Alternative 

 
The study area involves a wide range of flow conditions 
contributing to the system; thus atypical flow patterns.  A future 
addition of approximately 10 cfs maximum flow coming out of 
proposed IBP development near Fwy 215 and Sycamore Canyon 
Boulevard necessitates exploring of other alternative alignments 
of trunk sewer system to relieve the existing sewer system. The 
improvement of the existing sewer system for an additional 10 cfs 
maximum flow would require major construction activities in the 
Victoria Country Club Area. So, an alternative that would relieve 
the existing sewer system from additional flow and collect sewage 
flow from the proposed residential expansion of UCR was 
considered the best. This alternative trunk sewer line would begin 
at the Central Avenue – Canyon Crest Drive intersection and 
move westwards on Canyon Crest Drive to Martin Luther King 
Blvd. Beyond this intersection it would move southwards to 
Pennsylvania Avenue.  Beyond this intersection the sewer line 
would continue along Pennsylvania Avenue till Victoria Avenue, 
then along Victoria Avenue till Cridge Street.  From Cridge Street 
and Vine Street intersection it would move southwards towards 
Date Street and cross Hwy 91 near College Drive and Olivewood 
intersection.  At this location it would join the existing study sewer 
system.  The details of alternatives can be seen on Figure 23. The 
alternative for diversion of Market Street Wastewater Flow has 
been separately discussed in Appendix “C”. 
 

   
 
 
 

7.7   Cost Estimate  
 

Unit costs of pipes are based on rates obtained from the 
contractors over telephone, bid prices for similar projects and from 
web site www.get-a-quote.net. The cost of construction includes 
labor, materials, excavation, backfill and all other items associated 
with pipe laying. To estimate total cost, cost of mobilization / 
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demobilization (7%), traffic control (7%), bond (1%), contractor’s 
profit (15%) and construction contingency (20%) is added to the 
cost of construction. For priorities “B” and “C”, the cost estimate is 
based on current year prices and no escalation has been added to 
estimate future cost.  Following is the summary of cost for the 
various priorities: 
 
  

• Priority “A”    -  $2,757,000 (See Figure 21 and Table 7-7-A for 
details) 

• Priority “B”    -  $6,734,000 (See Figure 22 and Table 7-7-B for 
details) 

 

• Priority “C”   -  $ 8,400,000 (See Figure 23 and Table 7-7-C for 
details) 
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Table 7-7-A

Cost Estimate For Priority "A" Projects, (2004-2007 Replacement / Rehabilitation)

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
Approx Total 

Cost(2003 $'s)

Tequesquiite Avenue Replace Pipe P15 21 42 LF 450 $300 $135,000
Replace Pipe P16 21 42 LF 180 $300 $54,000
Replace Pipe P17 21 42 LF 24 $300 $7,200
Replace Pipe P18 21 42 LF 198 $300 $59,400
Replace Pipe P20 27 42 LF 144 $300 $43,200
Replace Pipe P25 27 42 LF 50 $300 $15,000

Rehab / Replace Manhole EA 7 $5,000 $35,000
Reconnect Sewer Laterals EA 10 $1,500 $15,000

Total: $363,800

Mobilization / Demobilization (7%) $25,466
Traffic Control (7%) $25,466
Bond (1%) $3,638
Contractor's Profit(15%) $54,570

Subtotal: $472,940

Construction Contingency(20%) $94,588

Total Cost (Tequesquite Avenue Sewer) $568,000

Hwy 91/Victoria Country 

Club Replace Pipe P53 27 36 LF 249 $250 $62,335
Replace Pipe P54 27 36 LF 280 $250 $69,888
Replace Pipe P55 27 36 LF 195 $250 $48,825
Replace Pipe P56 24 36 LF 246 $250 $61,425
Replace Pipe P57 24 36 LF 236 $250 $59,018
Replace Pipe P58 24 36 LF 166 $250 $41,453
Replace Pipe P59 24 36 LF 259 $195 $50,427
Replace Pipe P60 21 36 LF 312 $195 $60,916
Replace Pipe P61 21 36 LF 190 $195 $37,089
Replace Pipe P62 21 36 LF 225 $195 $43,904
Replace Pipe P63 21 36 LF 217 $195 $42,237
Replace Pipe P64 21 36 LF 211 $195 $41,048
Replace Pipe P65 21 36 LF 174 $195 $33,833
Replace Pipe P66 21 36 LF 274 $195 $53,469
Replace Pipe P81 18 24 LF 453 $110 $49,864
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Table 7-7-A

Cost Estimate For Priority "A" Projects, (2004-2007 Replacement / Rehabilitation)

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
Approx Total 

Cost(2003 $'s)

Replace Pipe P82 18 24 LF 73 $110 $8,078
Replace Pipe P83 18 24 LF 118 $110 $12,965
Replace Pipe P84 18 24 LF 48 $110 $5,292
Replace Pipe P85 18 24 LF 177 $110 $19,444
Replace Pipe P86 18 24 LF 9 $110 $988

Rehab / Replace Manhole EA 21 $5,000 $105,000
Reconnect Sewer Laterals EA 41 $1,500 $61,500

Total: $968,995

Mobilization / Demobilization (7%) $67,830
Traffic Control (7%) $67,830
Bond (1%) $9,690
Contractor's Profit(15%) $145,349

Subtotal: $1,259,694

Construction Contingency(20%) $251,939

Total Cost (Hwy 91 / Victoria Country Club Sewer) $1,512,000

Eastridge Avenue Replace Pipe P288 10 18 LF 381 $130 $49,530
Rehab / Replace Manhole EA 2 $5,000 $10,000
Reconnect Sewer Laterals EA 4 $1,500 $6,000

Total: $65,530

Mobilization / Demobilization (7%) $4,587
Traffic Control (7%) $4,587
Bond (1%) $655
Contractor's Profit(15%) $9,830

Subtotal: $85,189

Construction Contingency(20%) $17,038

Total Cost (Eastridge Avenue Sewer) $102,000
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Table 7-7-A

Cost Estimate For Priority "A" Projects, (2004-2007 Replacement / Rehabilitation)

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
Approx Total 

Cost(2003 $'s)

13th Street Replace Pipe P319 12 15 LF 21 $105 $2,205
Replace Pipe P320 10 15 LF 396 $105 $41,580
Replace Pipe P321 10 15 LF 20 $105 $2,100

Rehab / Replace Manhole EA 4 $5,000 $20,000
Reconnect Sewer Laterals EA 4 $1,500 $6,000

Total: $71,885

Mobilization / Demobilization (7%) $5,032
Traffic Control (7%) $5,032
Bond (1%) $719
Contractor's Profit(15%) $10,783

Subtotal: $93,451

Construction Contingency(20%) $18,690

Total Cost (13th Street Sewer) $112,000

5th Street Replace Pipe P365 8 10 LF 651 $90 $58,590
Rehab / Replace Manhole EA 2 $5,000 $10,000
Reconnect Sewer Laterals EA 7 $1,500 $10,500

Total: $79,090

Mobilization / Demobilization (7%) $5,536
Traffic Control (7%) $5,536
Bond (1%) $791
Contractor's Profit(15%) $11,864

Subtotal: $102,817

Construction Contingency(20%) $20,563

Total Cost (5th Street  Sewer) $123,000
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Table 7-7-A

Cost Estimate For Priority "A" Projects, (2004-2007 Replacement / Rehabilitation)

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
Approx Total 

Cost(2003 $'s)

NEW PIPELINE:

5th Street New Pipe L440 12 LF 414 $100 $41,400
New Pipe L441 12 LF 393 $100 $39,300
New Pipe L442 12 LF 396 $100 $39,600
New Pipe L443 12 LF 398 $100 $39,800

Rehab / Replace Manhole EA 5 $5,000 $25,000
Reconnect Sewer Laterals EA 20 $1,500 $30,000

Abandon in place Pipe P339 LS 1 $3,000 $3,000

Total = $218,100

Mobilization / Demobilization (7%) $15,267
Traffic Control (7%) $15,267
Bond (1%) $2,181
Contractor's Profit(15%) $32,715

Subtotal: $283,530

Construction Contingency(20%) $56,706

Total Cost (5th Street New Sewer) $340,000

TOTAL COST FOR PRIORITY "A" PROJECTS $2,757,000
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Table 7-7-B

Cost Estimate For Priority "B" Projects, (2008- 2013 Replacement / Rehabilitation) 

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
Approx Total 

Cost(2003 $'s)

Tequesquiite Avenue Replace Pipe P01 27 36 LF 62 $250 $15,585
Replace Pipe P02 27 36 LF 219 $250 $54,868
Replace Pipe P03 27 36 LF 296 $250 $73,950
Replace Pipe P04 27 36 LF 225 $250 $56,178
Replace Pipe P05 27 36 LF 457 $250 $114,335
Replace Pipe P06 27 36 LF 387 $250 $96,663
Replace Pipe P07 27 36 LF 207 $250 $51,770
Replace Pipe P08 27 36 LF 94 $250 $23,545
Replace Pipe P09 27 36 LF 138 $250 $34,393
Replace Pipe P10 30 36 LF 38 $250 $9,540
Replace Pipe P11 30 42 LF 40 $300 $12,000
Replace Pipe P12 27 42 LF 85 $300 $25,620
Replace Pipe P13 27 42 LF 257 $300 $77,010
Replace Pipe P14 24 42 LF 16 $300 $4,812
Replace Pipe P21 27 42 LF 571 $300 $171,348
Replace Pipe P22 27 42 LF 133 $300 $39,789
Replace Pipe P23 27 42 LF 414 $300 $124,200
Replace Pipe P24 24 42 LF 200 $300 $60,000

Rehab / Replace Manhole EA 19 $5,000 $95,000
Reconnect Sewer Laterals EA 38 $1,500 $57,000

Total: $1,197,604

Mobilization / Demobilization (7%) $83,832
Traffic Control (7%) $83,832
Bond (1%) $11,976
Contractor's Profit(15%) $179,641

Subtotal: $1,556,885

Construction Contingency(20%) $311,377

Total Cost (Tequesquite Avenue Sewer) $1,868,000

R.C.C Replace Pipe P26 27 42 LF 200 $300 $59,964
Replace Pipe P27 27 42 LF 39 $300 $11,700
Replace Pipe P28 27 42 LF 111 $300 $33,432
Replace Pipe P29 27 42 LF 177 $300 $52,974
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Table 7-7-B

Cost Estimate For Priority "B" Projects, (2008- 2013 Replacement / Rehabilitation) 

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
Approx Total 

Cost(2003 $'s)

Replace Pipe P30 27 42 LF 281 $300 $84,420
Replace Pipe P31 27 42 LF 105 $300 $31,416
Replace Pipe P32 27 42 LF 39 $300 $11,550
Replace Pipe P33 27 42 LF 15 $300 $4,350
Replace Pipe P34 27 42 LF 163 $300 $48,954
Replace Pipe P35 27 42 LF 44 $300 $13,326
Replace Pipe P36 27 42 LF 265 $300 $79,422
Replace Pipe P37 27 42 LF 638 $300 $191,325
Replace Pipe P38 24 42 LF 151 $300 $45,183
Replace Pipe P39 27 42 LF 190 $300 $57,000
Replace Pipe P40 27 42 LF 145 $300 $43,500
Replace Pipe P41 27 42 LF 370 $300 $111,102
Replace Pipe P43 24 30 LF 184 $195 $35,933
Replace Pipe P44 24 30 LF 7 $195 $1,427
Replace Pipe P45 24 30 LF 290 $195 $56,458
Replace Pipe P46 24 30 LF 309 $105 $32,461
Replace Pipe P49 24 30 LF 157 $195 $30,615

Replace Pipe P50 (Siphon)-DIP 18 2-18 LF 358 $280 $100,240
Rehab / Replace Manhole EA 23 $5,000 $115,000
Reconnect Sewer Laterals EA 42 $1,500 $63,000

Jack and Bore Under Freeway and Railroad LF 800 $500 $400,000

Total: $1,714,752

Mobilization / Demobilization (7%) $120,033
Traffic Control (7%) $120,033
Bond (1%) $17,148
Contractor's Profit(15%) $257,213

Subtotal: $2,229,178

Construction Contingency(20%) $445,836

Total Cost (R.C.C. Sewer) $2,675,000
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Table 7-7-B

Cost Estimate For Priority "B" Projects, (2008- 2013 Replacement / Rehabilitation) 

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
Approx Total 

Cost(2003 $'s)

Victoria Country Club Replace Pipe P51 24 36 LF 227 $250 $56,750
Replace Pipe P52 24 36 LF 15 $250 $3,750
Replace Pipe P67 24 30 LF 106 $145 $15,370
Replace Pipe P68 21 27 LF 458 $130 $59,540
Replace Pipe P69 21 27 LF 260 $130 $33,800
Replace Pipe P70 21 27 LF 304 $130 $39,520
Replace Pipe P71 21 27 LF 380 $130 $49,400
Replace Pipe P72 21 27 LF 179 $130 $23,270
Replace Pipe P73 21 27 LF 144 $130 $18,720
Replace Pipe P74 21 27 LF 610 $130 $79,300
Replace Pipe P75 21 27 LF 650 $130 $84,500
Replace Pipe P76 21 27 LF 344 $130 $44,720
Replace Pipe P77 21 27 LF 578 $130 $75,140
Replace Pipe P78 21 27 LF 628 $130 $81,640
Replace Pipe P79 21 27 LF 600 $130 $78,000
Replace Pipe P80 21 27 LF 500 $130 $65,000

Rehab / Replace Manhole EA 17 $5,000 $85,000
Reconnect Sewer Laterals EA 60 $1,500 $90,000

Total: $983,420

Mobilization / Demobilization (7%) $68,839
Traffic Control (7%) $68,839
Bond (1%) $9,834
Contractor's Profit(15%) $147,513

Subtotal: $1,278,446

Construction Contingency(20%) $255,689

Total Cost (Victoria Country Club Sewer) $1,534,000

Trautwein Road Replace Pipe P271 8 10 LF 352 $90 $31,680
Replace Pipe P272 8 10 LF 277 $90 $24,930
Replace Pipe P273 8 10 LF 23 $90 $2,070
Replace Pipe P274 8 10 LF 300 $90 $27,000
Replace Pipe P275 8 10 LF 299 $90 $26,910
Replace Pipe P276 8 10 LF 299 $90 $26,910

Rehab / Replace Manhole EA 7 $5,000 $35,000
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Table 7-7-B

Cost Estimate For Priority "B" Projects, (2008- 2013 Replacement / Rehabilitation) 

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
Approx Total 

Cost(2003 $'s)

Reconnect Sewer Laterals EA 16 $1,500 $24,000

Total: $198,500

Mobilization / Demobilization (7%) $13,895
Traffic Control (7%) $13,895
Bond (1%) $1,985
Contractor's Profit(15%) $29,775

Subtotal: $258,050

Construction Contingency(20%) $51,610

Total Cost (Trautwein Road Sewer) $310,000

Eastridge Avenue Replace Pipe P284 12 18 LF 339 $130 $44,044
Replace Pipe P285 12 18 LF 343 $130 $44,647
Replace Pipe P286 12 18 LF 337 $130 $43,759
Replace Pipe P287 12 18 LF 338 $130 $43,953

Rehab / Replace Manhole EA 5 $5,000 $25,000
Reconnect Sewer Laterals EA 14 $1,500 $21,000

Total: $222,404

Mobilization / Demobilization (7%) $15,568
Traffic Control (7%) $15,568
Bond (1%) $2,224
Contractor's Profit(15%) $33,361

Subtotal: $289,125

Construction Contingency(20%) $57,825

Total Cost (Eastridge Avenue Sewer) $347,000

TOTAL COST FOR PRIORITY "B" PROJECTS $6,734,000
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Table 7-7-C

Cost Estimate For Priority "C" Projects,  (2014-2018 Replacement / Rehabilitation)

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
Approx Total 

Cost(2003 $'s)

Tequesquiite Avenue Replace Pipe P19 (Siphon)-DIP 2-15 2-18 LF 194 $280 $54,320
Rehab / Replace Manhole EA 2 $5,000 $10,000

Extra for Siphon Replacement LS $30,000

Total: $94,320

Mobilization / Demobilization (7%) $6,602
Traffic Control (7%) $6,602
Bond (1%) $943
Contractor's Profit(15%) $14,148

Subtotal: $122,616

Construction Contingency(20%) $24,523

Total Cost (Tequesquite Avenue Sewer) $147,000

Wood Road Replace Pipe P228 12 15 LF 450 $105 $47,250
Replace Pipe P229 12 15 LF 450 $105 $47,250
Replace Pipe P230 12 15 LF 450 $105 $47,250
Replace Pipe P231 12 15 LF 429 $105 $45,090
Replace Pipe P232 8 15 LF 149 $105 $15,649

Rehab / Replace Manhole EA 6 $5,000 $30,000
Reconnect Sewer Laterals EA 19 $1,500 $28,500

Total: $260,989

Mobilization / Demobilization (7%) $18,269
Traffic Control (7%) $18,269
Bond (1%) $2,610
Contractor's Profit(15%) $39,148

Subtotal: $339,286

Construction Contingency(20%) $67,857

Total Cost (Wood Road Sewer) $407,000

Brockton Ave. Replace Pipe P308 15 18 LF 46 $130 $5,980
Replace Pipe P309 15 18 LF 400 $130 $52,000

Rehab / Replace Manhole EA 3 $5,000 $15,000
Reconnect Sewer Laterals EA 4 $1,500 $6,000
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Table 7-7-C

Cost Estimate For Priority "C" Projects,  (2014-2018 Replacement / Rehabilitation)

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
Approx Total 

Cost(2003 $'s)

Total: $78,980

Mobilization / Demobilization (7%) $5,529
Traffic Control (7%) $5,529
Bond (1%) $790
Contractor's Profit(15%) $11,847

Subtotal: $102,674

Construction Contingency(20%) $20,535

Total Cost ( Brockton AvenueSewer) $123,000

NEW PIPELINE:

Cridge Avenue New Pipe P1020 30 LF 570 $195 $111,150
New Pipe P1019 30 LF 350 $195 $68,250
New Pipe P1018 30 LF 195 $195 $38,025
New Pipe P1017 30 LF 195 $195 $38,025
New Pipe P1016 30 LF 360 $195 $70,200
New Pipe P1015 30 LF 2060 $195 $401,700

Rehab / Replace Manhole EA 9 $5,000 $45,000
Reconnect Sewer Laterals EA 37 $1,500 $55,500

Jack and Bore Under Freeway and Railroad LF 800 $500 $400,000

Total: $1,227,850

Mobilization / Demobilization (7%) $85,950
Traffic Control (7%) $85,950
Bond (1%) $12,279
Contractor's Profit(15%) $184,178

Subtotal: $1,596,205

Construction Contingency(20%) $319,241

Total Cost ( Cridge AvenueSewer) $1,915,000

Victoria Avenue New Pipe P1014 30 LF 1470 $195 $286,650
New Pipe P1013A 30 LF 250 $195 $48,750

Rehab / Replace Manhole EA 4 $5,000 $20,000
Reconnect Sewer Laterals EA 17 $1,500 $25,500
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Table 7-7-C

Cost Estimate For Priority "C" Projects,  (2014-2018 Replacement / Rehabilitation)

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
Approx Total 

Cost(2003 $'s)

Total: $380,900

Mobilization / Demobilization (7%) $26,663
Traffic Control (7%) $26,663
Bond (1%) $3,809
Contractor's Profit(15%) $57,135

Subtotal: $495,170

Construction Contingency(20%) $99,034

Total Cost (Victoria Avenue Sewer) $594,000

Pennsylvania Avenue New Pipe P1013 30 LF 2070 $195 $403,650
Rehab / Replace Manhole EA 5 $5,000 $25,000
Reconnect Sewer Laterals EA 21 $1,500 $31,500

Total: $460,150

Mobilization / Demobilization (7%) $32,211
Traffic Control (7%) $32,211
Bond (1%) $4,602
Contractor's Profit(15%) $69,023

Subtotal: $598,195

Construction Contingency(20%) $119,639

Total Cost (Pennsylvania Avenue Sewer) $718,000
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Table 7-7-C

Cost Estimate For Priority "C" Projects,  (2014-2018 Replacement / Rehabilitation)

Location Description

Existing 

Diameter 

(inch)

New 

Diameter 

(inch)

Unit Quantity Unit Cost
Approx Total 

Cost(2003 $'s)

MLK Blvd. New Pipe P1006 27 LF 650 $180 $117,000
New Pipe P1005A 27 LF 2650 $180 $477,000
New Pipe P1005 27 LF 5260 $180 $946,800

Rehab / Replace Manhole EA 21 $5,000 $105,000
Reconnect Sewer Laterals EA 86 $1,500 $129,000

Jack and Bore under Gage Canal LF 100 $500 $50,000

Total: $1,824,800

Mobilization / Demobilization (7%) $127,736
Traffic Control (7%) $127,736
Bond (1%) $18,248
Contractor's Profit(15%) $273,720

Subtotal: $2,372,240

Construction Contingency(20%) $474,448

Total Cost (MLK Blvd. Sewer) $2,847,000

Canyon Crest Dr. New Pipe P1004 27 LF 1900 $180 $342,000
New Pipe P1003 27 LF 560 $180 $100,800
New Pipe P1002 27 LF 1160 $180 $208,800
New Pipe P1001 27 LF 735 $180 $132,300
New Pipe P1000 27 LF 730 $180 $131,400

Rehab / Replace Manhole EA 13 $5,000 $65,000
Reconnect Sewer Laterals EA 51 $1,500 $76,500

Total = $1,056,800

Mobilization / Demobilization (7%) $73,976
Traffic Control (7%) $73,976
Bond (1%) $10,568
Contractor's Profit(15%) $158,520

Subtotal: $1,373,840

Construction Contingency(20%) $274,768

Total Cost (Canyon Crest Drive Sewer) $1,649,000

TOTAL COST FOR PRIORITY "C" PROJECTS $8,400,000
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Executive Summary  
 
ES.1 Introduction   
 
 This report presents the results of the Arlanza Trunk Sewer System 

Capacity Study prepared by PBS&J for the City of Riverside. The report 
contains recommendations regarding system deficiencies as identified by 
hydraulic model XP-SWMM (XP Software, Version 9.1). 

 
 The City of Riverside is located in the County of Riverside at the 

intersection of three major freeways; Route 91, Route 60 and Route 215. 
The study area encompasses approximately 20,650 acres of mixed land 
use development and is generally bounded by Santa Ana River to the 
North, the City of Norco to the West, Home Gardens neighborhood of the 
County of Riverside to the South and Jefferson Street to the East.  The 
study area is essentially a fully developed community, comprised of single 
family residential, multi family residential, commercial and light industrial 
areas with some vacant lands to be developed in the future. The portion 
of study area southeast of Victoria Avenue and designated as “residential 
semi-rural” would be one of the major contributors of sewage flow to the 
system. The study area can be divided into two distinct study basins: the 
area west of Tyler Street served by a lift station at Pierce Street and the 
area on east served by a gravity system. 

 
ES.2     Existing Sewer System
 
 
 The existing trunk sewer system within the study area is comprised of 

approximately 38 miles of gravity sewer mains, ranging in size from 8-
inch to 51-inch in diameter, and 691 manholes. These sewer lines are 
essentially VCP and the manholes are typically brick lined. The sewer 
system also includes a lift station and 5.6 miles of force mains. The City 
of Riverside owns, maintains and operates the sewer system. 

 
ES.3     Methodology
 
 For determination of current wastewater flows, flow monitoring was 

performed at eight (8) strategic locations. These meter locations were 
chosen to observe actual flow characteristics for various sub areas with a 
distinct land use pattern within the study area. The flow monitoring was 
accomplished over a three-week period. The flow results were carefully 
evaluated for accuracy and some adjustments were made based on 
depth of flow at meter locations.  

 
 A theoretical estimate of wastewater flow from vacant areas was done 

based on factors from the City of Riverside “Criteria for Sewer Facility 
Design”. Residential wastewater flow was estimated by using future 
projected population, whereas commercial and industrial flow was 
estimated based on acreage and City assumed unit flow coefficients.  

 
______________________________________________________________________ 
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 The Computer Model Simulation Analysis involved evaluation of available 
capacity in the existing collection system under present and future 
development conditions. System deficiencies were identified from the 
results of model runs and a prioritized capital improvement plan was 
developed to allow for the projected growth within the study area. 

 
ES.4     Project Priorities and Cost
 
 Deficient and marginally deficient pipes were identified from the results of 

model runs and were prioritized for replacement/re-habilitation purpose.  
The pipes that are currently flowing more than 90% full under modeled 
existing maximum flow conditions and needing near term (2005-2010) 
replacement/re-habilitation are grouped under priority “A”. The pipes that 
would flow more than 90% full in year 2015 under anticipated maximum 
future flow condition are classified as priority “B”. The pipelines that are 
not included in priorities “A” and “B” and, are anticipated to flow more than 
75% full under future flow conditions are categorized as priority “C”. Some 
adjustment of priorities and combining of improvements was done for 
continuity and efficiency of effecting improvements. 

 
 The time phased improvements for various priorities are listed in  

Table 7-2. The approximate cost of recommended improvements is 
summarized in Tables 7-6-A, 7-6-B and 7-6-C.  

 
 Under existing flow conditions, a total of approximately 2,000 linear feet of 

priority “A” deficiencies were identified, requiring near term (2005-2010) 
attention. Additional deficiencies predicted under ultimate flow conditions 
(Priority “B”) include an additional 9,000 linear feet of inadequate sewer 
lines. The estimated capital cost to remedy these identified deficiencies 
(in year 2005 $ s) is approximately $748,000 for Priority “A” and 
approximately $3,324,000 for Priority “B”. The total length of pipelines 
under Priority “C” would be approximately 28,000 feet and the cost of 
Priority “C” projects would be approximately $10,000,000. However, it 
may be that not all of the Priority “B”, and a fraction of Priority “C” 
improvements will need to be actually implemented. Only those projects 
where surcharging (within manholes) and other problems are deemed 
imminent should be considered for improvement.  Periodic flow 
monitoring is recommended to verify anticipated deficiencies and the 
actual need for improvements. It is recommended that field observations 
of all pipes should be done where modeled results indicate surcharging 
conditions. The priorities are summarized in the Table Ex-1. 

 
 
 
 
 
 
 
 
 
______________________________________________________________________ 

Arlanza Trunk Sewer Study                            Ex- 2                                   
August, 2006                                                                                                                                                     

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxC-ArlanzaFinal.pdf



______________________________________________________________________________________ 

Table Ex-1 
Summary of Prioritized Improvement Projects 

  
Priority Approximate 

Pipeline 
Length (feet) 

Location Replacement 
Year 

Total Project 
Cost (year 
2005 $ s) 

“A” 2,000 Collett Avenue, Fillmore Street, 
Golden Avenue, RWQCP 

2005-2010 $748,000

“B” 9,000 Monticello Avenue, Van Buren 
Boulevard 

2011-2015 $3,324,000

“C” 28,000 Acorn Street, Arizona Avenue, 
Collett Avenue, Fillmore Street, 
Golden Avenue, Harrison Street, 
Hole Avenue, Jackson Street, 
Jones Avenue, La Sierra Channel, 
Magnolia Avenue, Monroe Street, 
RWQCP, Van Buren Boulevard 

2016-2020 $10,000,000

 
 

______________________________________________________________________ 
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1.0 INTRODUCTION 
 
 

1.1 Background 
 

The City of Riverside (City) retained PBS&J to prepare a Trunk 
Sewer System Study for the westerly portion of the City. The 
Sewer System has been designated as Arlanza Trunk Sewer 
System.  The study is necessitated by the fact that the City 
desires to evaluate the capacity of the existing trunk sewer 
system.  
 
 

1.2 Study Area  
 

The City of Riverside is located in the northwest corner of the 
County of Riverside at the intersection of three major freeways; 
Route 91, Route 60 and Route 215.  Founded in 1870, the City is 
known for its citrus industry, world famous Mission Inn and other 
historical monuments.  Figure 1 is a Vicinity Map depicting the 
City’s location and its accessibility.  Figure 2 shows the study 
area.  The study area shown in Figure 2 encompasses 
approximately 20,650 acres and is generally bounded by Santa 
Ana River to the North, the City of Norco to the West, Home 
Gardens neighborhood of the County of Riverside to the South 
and Jefferson Street to the East. For purposes of this study, the 
study area has been divided into 34 tributary sub-areas, where 
downstream sub-areas intercept sewage flow from upstream sub-
areas.  To obtain actual observed flow information for this study, 
sewage flow meters were placed at eight (8) strategic locations to 
monitor cumulative flows contributed from the tributary sub-areas.   
 
The Arlanza Study Area can be divided into two distinct study 
basins: the area west of Tyler Street is served by a gravity – force 
main system with a lift station at Pierce Street and the area east of 
Tyler Street is served by the gravity system. The study area is 
considered to be a mature community comprised of single family 
residential, multi-family residential, commercial and light industrial 
uses. The portion of study area along both sides of Hwy 91 is 
primarily commercial development. Future development would 
take place in the eastern and south eastern portion of the study 
area which has been designated rural and light residential land 
use categories. 
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1.3 Objective 
 

The objective of this Sewer System Capacity Study is to provide a 
comprehensive evaluation of the capacity of the sewer system 
within the study area, identify deficiencies in the current system, 
and evaluate alternatives to enhance the conveyance capacity to 
accommodate ultimate wastewater flows anticipated to be 
generated in the study area. 
 
 
 

1.4 Scope and Study Approach 
 

Specific work tasks undertaken for this study are summarized as 
follows: 
 
• Kickoff Meeting 
 

An initial meeting was held between PBS&J and the City to 
discuss the project scope, communication protocol, 
explanation of methodology and scheduling of flow monitoring. 
Field data and other digital files to be provided by the City 
were also discussed. 

 
• Progress Meetings 

 
Informal Project Progress Meetings were held to discuss on- 
going issues and the progress of the study. 
 

• Flow Monitoring and Hydrograph Development 
 

Downstream Services Inc, installed, maintained, and collected 
flow data from eight (8) monitoring stations within the study 
area. They submitted the collected raw data in an 
electronic/hard copy format to PBS&J.  PBS&J then processed 
and reviewed this information and created a hydraulic 
database.  The City provided a copy of City’s General Plan for 
estimation of current and future flows.  Other information such 
as as-built plans of wastewater facilities were provided by the 
City when requested by PBS&J. 

 
• Model Development 

 
Model development included input data collection, conversion 
of data and calibration.  The City’s GIS staff made available 
data pertaining to roads, sewers, land use, buildings and other 
utilities in ArcView format on a CD.  As-built plans for study 
sewer lines were reviewed.  Data available from GIS system 
and as-built plans were placed in a database system (MS 
Excel) as a pre-processor for XP-SWMM model development. 
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Calibration of model was done after construction of the model 
and additional data input.  

 
• Draft Report 

 
Based on the calibrated model and City’s criteria for Sewer 
Facility Design, a Draft Report was prepared that summarized 
the existing and future capacity situations. Where deficiencies 
were identified, alternatives were developed for needed sewer 
improvements, along with probable costs.  The draft report 
was prepared for submittal/review by the City. 
 

• Final Report 
 
Draft Report review comments from the City were incorporated 
into the Final Report along with any additional information or 
research in order to reflect a final level of study completion.  
The Final Report will include data and information assembled, 
system deficiencies identified, alternatives evaluated, capital 
improvement recommendations to remediate anticipated 
deficiencies, prioritization of improvements, and approximate 
costs.  
 
 

The comprehensive evaluation of the sewage collection system to 
accomplish the above-summarized scope entailed the following 
multi-step approach: 
 
• Review of as built plans provided by the City to determine 

system configuration, inverts, pipe sizes and slopes 
• Use of detailed database provided by the City in Arcview 

format 
• Creation of computer hydraulic model using existing sewer 

system to study project area 
• Identification of flow monitoring station locations 
• Identification of tributary areas contributing sewage flow to 

meter locations or combinations 
• Installation of flow meters and monitoring of flows at the 

selected locations on continuous basis for two-week period 
• Review of current land use in study area per GIS information 

from the City and determination of existing land use, 
population and vacant land 

• Assessment of ultimate land use and projected population 
• Review and evaluation of metered data from flow monitoring 

stations 
• Development of flow coefficients and representative diurnal 

flow patterns based on typical curves for various land uses 
and observed flows from monitored sub areas which are 
dominated by a specific land use 
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• Modeling of sewer system, deficiency identification, and model 
simulation of remedial alternatives using above-mentioned 
information as input data 

• Evaluation of alternatives, optimization, cost comparison 
• Prioritization of recommended improvements, including 

identification of critical pipelines which need immediate 
attention 

• Draft Report and recommendations including phased 
improvements and costs 

• Review of Draft Report by the City, comments and discussion 
• Final Report 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Arlanza Trunk Sewer Study 
August, 2006 4   

    H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxC-ArlanzaFinal.pdf



 

2.0 LAND USE 
 
 

2.1 Existing Land Use 
 
Land use is the basis for estimating sewage flow from the majority 
of the study area.  The land use pattern for this study was 
developed from the GIS information provided by the City. Figure 
3A shows land use within the study area based on the City’s 
“Land Use” GIS layer.  The vacant areas within various land use 
categories are shown in Figure 3B. For the purpose of this study, 
land uses in the study area have been broadly classified into four 
categories: Single Family Residential (SFR), Multi Family 
Residential (MFR), Commercial and Industrial. Table 2-1 
summarizes the land use areas within the study area that would 
generate wastewater flow. 

 
 
 

2.2 Proposed Land Use 
 
The portion of study area northwest of Victoria Avenue is primarily 
a mature community. The portion of study area on southeast side 
of Victoria Avenue has vacant parcels that are designated as 
“residential - semi rural” and is expected to be developed in the 
future. This area is primarily designated to be developed as low 
density Single Family Residential (SFR). Another portion of the 
study area located at Riverside–Norco boundary may experience 
development in the future. It is assumed that the majority of 
vacant lots within the study area would be fully developed by year 
2020.   
 
 
 

Table 2-1 
Land Use That Would Produce Wastewater Flow 

(Acres) 
 
Category Existing 

(Year 2005) 
Future 
(Year 
2020) 

Change 

Single-Family Residential 
(SFR) 

7,220 12,240 5,020 (70 %)

Multi-Family Residential 
(MFR) 

880 960 80 (9 %)

Commercial / School 2,735 3,190 455 (17 %)
Industrial  190 215 25 (13 %)

    
The areas that are marked as open space or public facilities are not 
included in Table 2-1 because of zero sewage flow generation.  
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3.0  EXISTING SEWER SYSTEM 

 
 
 

3.1 System Overview 
 

As previously described, the Arlanza Trunk Sewer study area 
covers approximately 20,650 acres including the County of 
Riverside area that might be served by the City sewer system and 
have been divided into 34 tributary sub-areas (See Figure 4). The 
wastewater flow from a sub-area can be measured at a meter 
location or can be reasonably assessed based on land use plan of 
that sub-area. The location of meters can be seen on Figure 5. 
The modeled gravity conveyance system is approximately 
202,000 linear feet (38 miles) of gravity sewer system, with pipe 
sizes varying from 8 inches to 51 inches in diameter (See Figures 
6A and 6B).  Most of the gravity sewer lines within the system are 
vitrified clay pipe (VCP). The sewer system also includes 29,400 
linear feet (5.6 miles) of force main lines. 
 

3.2 Collection System 
 

The Arlanza Study Area can be divided into two distinct sub-
areas. The western portion is served by a lift station at Pierce 
Street west of Hwy. 91 and the eastern portion is served by the 
gravity system. Generally, the wastewater flow generated from the 
area east of Tyler Street flows to the Lift Station in either southerly 
or easterly direction. The wastewater generated from the area 
west of Tyler Street generally flows in a northeasterly direction to 
the Regional Water Quality Control Plant (RWQCP).  
 
The major trunk lines contributing to Pierce Street Lift Station are 
along La Sierra Avenue, Pierce Street, Hole Avenue, La Sierra 
Channel and Magnolia Avenue. The trunk lines contributing to the 
RWQCP are along Jurupa Avenue, California Avenue, Monroe 
Street, Jackson Street, Adams Street, Indiana Avenue and Van 
Buren Boulevard. The details of sewer system are explained in 
section 3.3 System Description. Pipe sizes, lengths, and number 
of manholes have been tabulated for major segments of the 
modeled trunk system (See Appendix “C”). 
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 3.3 System Description  
    

The existing trunk sewer system, which is the subject of this 
evaluation, is shown on Figures 6A and 6B. The sewer collection 
system was constructed over a period of time (possibly 50 plus 
years) to accommodate increasing sewage flow during the 
development within the City.  As previously discussed in sections 
1.2 and 3.2, the sewer system can be broadly divided into two 
distinct parts: the eastern part that consists of gravity sewers only 
and the western part that drains by gravity to a lift station at Pierce 
Street and then is pumped through force main sewer to the 
eastern gravity system. The GIS data and as-built plans provided 
by the City were studied to ascertain characteristics of the system.  
The existing sewer manholes and their numerical designations 
can be seen in Figures 7A, 7B and 7C. The existing pipelines and 
their numerical designations can be seen in Figures 8A, 8B and 
8C. The pipelines in the system are prefixed with letter “P” (for 
pipe) and the manholes are prefixed with letter “M” (for manhole) 
to match with the Hydraulic Model. The description of sewer 
segments begins at the most upstream manhole and ends at the 
most downstream manhole. The sewer system is briefly described 
as follows: 
 

• Adams Street Sewer Line: The trunk sewer line along 
Adams Street begins at manhole number M393 at the 
intersection of Adams Street and Lincoln Avenue with a 
12-inch diameter line flowing northwest. At this location it 
picks up flow from residential developments on both sides 
of Adams Street. The size of the sewer line between 
manholes M393 and M390 is 12-inch. The size of sewer 
line between manhole M390 and M384 is 15-inch. The 
sewer line crosses Riverside Canal and Metrolink / BNSF 
Railroad near Auto Drive. At the manhole location M384 
the sewer line joins the trunk sewer line along Indiana 
Avenue. 

 
• Indiana Avenue (1) Sewer Line: The trunk sewer line in 

Indiana Avenue begins at manhole M384 located at 
Adams Street and Indiana Avenue intersection. The flow is 
in the southwesterly direction. The sewer line between 
manholes M384 and M349 is 15-inch. The sewer line 
collects wastewater flow from the commercial areas and 
office complexes located on both sides of Indiana Avenue. 
It joins the trunk sewer line along Monroe Street at M349.  

 
 
• Monroe Street Sewer Line: The 12-inch trunk sewer line 

along Monroe Street begins at manhole M364 located at 
Arlanza Trunk Sewer Study 
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the intersection of Monroe Street and Victoria Avenue. The 
flow is in the northwesterly direction. The sewer is 12-inch 
between manholes M364 and M344 and 15-inch between 
manholes M344 and M331. The sewer line crosses 
Riverside Canal near Lincoln Avenue and Metrolink 
Railroad near Don Derr Park. It also crosses Metropolitan 
Water District Aqueduct near Magnolia Avenue. It picks up 
wastewater flow from the residential development east of 
Hwy 91 and from California Baptist University on the 
western side of freeway. The sewer line joins California 
Avenue trunk sewer line at the manhole M331. 

 
 

• Garfield Street Sewer Line: The trunk sewer line along 
Garfield Street begins at manhole M306 east of Van Buren 
Boulevard. A 12-inch sewer line collects wastewater flows 
from the residential development and flows in northeasterly 
direction to the trunk sewer line along Jackson Street. The 
sewer line between manholes M306 and M303 is 12-inch 
and, 14-inch between manholes M303 and M294. The 
sewer line joins the trunk line in Jackson Street at manhole 
M294 near Parkview Community Hospital Medical Center. 

 
• California Avenue (1) Sewer Lines: The trunk sewer line 

along California Avenue (1) begins at manhole M375 
located at the intersection of California Avenue and Adams 
Street. This trunk line picks up flow from Monroe Street 
sewer line at the manhole M331. The sewer line between 
manhole M375 and M331 is 15-inch and in the reach 
between manholes M331 and M290 is 21-inch. The sewer 
line crosses Metropolitan Water District Aqueduct between 
Adams Street and Monroe Street. The sewer line joins the 
trunk sewer line along Jackson Street at manhole M290. 

 
• California Avenue (2) Sewer Line: The trunk sewer line 

along California Avenue (2) begins at manhole M127 
located at the intersection of California Avenue and Van 
Buren Boulevard. At this location it picks up wastewater 
flow from Harrison Street sewer line. An 18-inch sewer line 
continues along California Avenue in the easterly direction 
up to manhole M290 located at the intersection of 
California Avenue and Jackson Street. This sewer line 
picks up part of flow from Harrison Street sewer line and 
residential development along this pipe segment. 
 

• Indiana Avenue (2) Sewer Line: The trunk sewer line 
begins at manhole M431 located at the intersection of 
Indiana Avenue and Van Buren Boulevard. A 12-inch 
sewer line continues in the westerly direction to manhole 
M405. At this location it joins the trunk sewer line along 
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Harrison Street. The sewer line along Indiana Avenue (2) 
picks up wastewater flow generated from residential areas 
along Van Buren Boulevard and Meyers Street. 

 
• Harrison Street Sewer Line: The sewer line along Harrison 

Street begins at manhole M422 located at Harrison Street 
south of Victoria Avenue. This sewer line consists of 
various pipe segments; sizes ranging from 12-inch to 24-
inch. From manhole M422, a 12-inch sewer line continues 
in the northerly direction to manhole M410. At manhole 
M410, the pipe size changes to 15-inch to manhole M407. 
From there, a 12-inch line continues to manhole M405. 
The reach between manholes M405 and M137 is an 18-
inch line. At this location the pipe size changes to 15-inch 
and continues to manhole M131. The size of pipeline 
between manhole M131 and M127 is 24-inch. The sewer 
line joins Van Buren Boulevard trunk sewer line at manhole 
M127. The sewer line crosses Riverside Canal near 
Victoria Avenue and Metrolink Railroad near Hwy. 91. This 
sewer line picks up wastewater flow from residential 
development between Victoria Avenue and Hwy. 91. 

    
• Jurupa Avenue Sewer Line: The trunk sewer line in Jurupa 

Avenue comprises of a 12-inch sewer line beginning at 
node M253 at the intersection of Jurupa Avenue and 
Payton Avenue. This pipeline continues in a westerly 
direction and joins Acorn Street trunk sewer line at 
manhole M045. The sewer line collects wastewater flow 
generated from the commercial / light industrial 
development on north and south side of Jurupa Avenue. 

 
• Central Avenue Sewer Line: This trunk sewer line   

comprises of a 12-inch sewer line that begins at manhole 
M257 at Central Avenue west of Wilderness Avenue. The 
pipeline joins Acorn Street trunk sewer line at manhole 
M047. The sewer line collects wastewater flow from the 
commercial area north of Riverside Municipal Airport.  

 
• Monticello Avenue Sewer Line: The sewer line along 

Monticello Avenue begins at manhole M271 at the 
intersection of Monticello Avenue and Colorado Avenue. A 
12-inch sewer line begins from this location and continues 
in a northwesterly direction and joins manhole M056 
located at the intersection of Arlington Avenue and Van 
Buren Boulevard. The flow from this sewer line is 
discharged into the western trunk line along Van Buren 
Boulevard. This sewer line picks up wastewater flow from 
the residential area east of Monticello Avenue and 
commercial area south of Arlington Avenue. 
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• Jackson Street Sewer Line: The trunk sewer line along 
Jackson Street comprises of many sewer segments 
varying in size from 8-inch to 24-inch. The sewer begins at 
manhole M294 at the intersection of Jackson Street and 
Garfield Street. A 15-inch sewer line begins from this 
location and continues in northwesterly direction to 
manhole M290. Then a 24-inch line continues to manhole 
M059A. At this location it joins Van Buren trunk sewer line. 
A 20-inch sub-segment of sewer line runs parallel to the 
main sewer line between manholes M308 and M307. This 
sewer line picks up wastewater flow from California 
Avenue trunk sewer, the residential areas north of 
California Avenue and commercial areas at Van Buren 
Boulevard and Jackson Street intersection. 

 
• Van Buren Plaza Sewer Line: This trunk sewer line, which 

runs parallel to Van Buren Boulevard trunk sewer line, 
begins at Megginson Lane north of Magnolia Avenue. It 
consists of many sewer segments varying in size from 24-
inch to 36-inch. A 24-inch sewer begins at manhole M093 
and continues in northerly direction to manhole M091. 
From manhole M091 to manhole M076 the size of sewer 
line is 33-inch. At this location the size changes to 36-inch 
up to manhole M059. This sewer picks up wastewater flow 
from 24-inch force main line at manhole M093. The sewer 
line joins Van Buren Boulevard trunk sewer at manhole 
M110 located at the intersection of Van Buren Boulevard 
and Cypress Avenue. Besides picking wastewater flow 
from force mains, this sewer line picks up flow from 
commercial areas west of Van Buren Boulevard. 

 
• Van Buren Boulevard Sewer Line: This sewer line begins 

at manhole M127 at the intersection of Van Buren 
Boulevard and California Avenue. An 18-inch sewer line 
continues in northwesterly direction to manhole M124. 
Then a 24-inch line continues in northerly direction to 
manhole M110. The sewer line has two parallel segments 
between Cypress Avenue and Morris Street. The eastern 
line is 33-inch and the western line is 24-inch. From 
manhole M110, the 33-inch sewer line continues 
northwards to manhole M104. Then it turns westward to 
manhole M100. The sewer line between manhole M100 
and M012 is 42-inch. The western portion of the sewer line 
(24-inch) begins at manhole M059A and continues 
northward to manhole M056. The sewer line between 
manhole M056 and M049 is 27-inch. The sewer line joins 
Riverside Water Quality Control Plant (RWQCP) trunk 
sewer line at manhole M012. This study sewer line picks 
up majority of flows generated from Arlanza study area. It 
picks up Harrison Street flow at manhole M127, Jackson 
Street flow at manhole M059A, Van Buren Plaza flow at 
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manhole M110 and Monticello Avenue flow at manhole 
M056. 

 
• Crest Avenue Sewer Line: The trunk sewer line along 

Crest Avenue begins at manhole M250 at the intersection 
of Crest Avenue and Overton Avenue. A 12-inch sewer line 
begins from this location and continues in a northerly 
direction to manhole M247. Then a 15-inch line continues 
to manhole M246. The size changes to 12-inch between 
manholes M246 and M244, 15-inch between manholes 
M244 and M241B and 12-inch between manholes M241B 
and M241A. The sewer line between manhole M241A and 
M240 is 15-inch. From manhole M240, a 15-inch sewer 
line continues in northerly direction to manhole M237 
where the size changes to 18-inch and continues to 
manhole M237. The sewer line between manhole M237 
and M224 is 15-inch. From this location the sewer 
continues in a northwesterly direction. The sewer line 
between manhole M224 and manhole M027 is 27-inch. At 
manhole M027 the sewer line joins RWQCP trunk sewer 
line. This sewer line picks up wastewater flow generated 
from the residential and neighborhood commercial 
development between Van Buren Boulevard and Tyler 
Street south of Jurupa Avenue. 

 
• Trey Avenue Sewer Line: The trunk sewer line along Trey 

Avenue begins at manhole M498 at Challen Avenue north 
of Philbin Avenue. At this location it picks up flow from 
residential developments south of Cypress Avenue. The 
sewer line between manholes M498 and M481 is 12-inch. 
At the manhole location M481 the sewer line joins the trunk 
sewer line along Picker Street. 

 
• Picker Street Sewer Line: Picker Street trunk sewer line 

begins at manhole number M494 at the intersection of 
Challen Avenue and Orlando Drive. A 12-inch sewer line 
continues in a northerly direction to manhole M481. The 
sewer line is 15-inch from manhole M481 to manhole 
M476. The sewer line picks up flow from Trey Avenue 
sewer at manhole M481. It joins Cypress Avenue trunk 
sewer at manhole M476.   

 
• Cypress Avenue Sewer Line: The trunk sewer line along 

Cypress Avenue begins at manhole M478 at the 
intersection of Cypress Avenue and Challen Avenue. A 12-
inch sewer line continues in an easterly direction to 
manhole M476. The sewer line is 18-inch from manhole 
M476 to manhole M458. The sewer line picks up flow from 
Picker Street sewer at manhole M476. It joins Warren 
Street trunk sewer north of the siphon at manhole M476.   
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• Warren Street Sewer Line: The sewer line along Warren 

Street begins at manhole M472 at Crowin Lane north of 
Wells Avenue.  A 12-inch sewer line begins from this 
location and continues in a northerly direction to manhole 
M464, where a 21-inch line continues to manhole M459. 
There is a 2-barrel siphon (size 12-inch) between manhole 
M459 and M458. The sewer line between manhole M458 
and M453 is 21-inch.  The size changes to 18-inch 
between manholes M453 and M100. The sewer line joins 
Van Buren trunk sewer line at manhole M100. A parallel 
24-inch sewer continues from manhole M443 and joins 
Van Buren trunk sewer at M099. The sewer line picks up 
wastewater flow from Cypress Avenue sewer line at 
manhole M458. In addition, it picks up flow from residential 
areas between Picker Street and Van Buren Boulevard. 

 
• Acorn Street Sewer Line: The trunk sewer line begins at 

manhole M049 north of Van Buren Boulevard and 
continues northward toward RWQCP sewer line. The 
sewer line between manhole M049 and M043 is 27-inch. 
From manhole M043 a 36-inch sewer line continues to 
manhole M002. This sewer line picks up wastewater flow 
from western trunk sewer line in Van Buren Boulevard. In 
addition, it picks up wastewater flow from the commercial 
development east of Van Buren Boulevard and north of 
Arlington Avenue. 

 
• RWQCP Sewer Line: RWQCP trunk sewer line begins at 

manhole M042 at Jurupa Avenue west of Cobb Street.  A 
15-inch sewer line begins at this location and continues in 
an easterly direction to manhole M027. Then a 27-inch line 
continues to manhole M013. Beyond this manhole a 42-
inch sewer line continues eastward to manhole M012. The 
size of sewer line between manhole M012 and M004 is 51-
inch. This manhole is the entry point of to RWQCP.  

 
• Mitchell Avenue Sewer Line: The study sewer line along 

Mitchell Avenue begins at manhole M749 at the 
intersection of Mitchell Avenue and Campbell Avenue.  A 
12-inch sewer line begins at this location and continues in 
a southerly direction to manhole M742. From there, a 15-
inch line continues to manhole M738. The pipe segment 
between M738 and M737 is 8-inch. At manhole M737 the 
size changes to 12-inch and continues to manhole M735. 
The last segment of the pipeline is 15-inch. It joins 
Bushnell Avenue trunk sewer line at manhole M734. The 
sewer line picks up flow from the residential development 
in the northern portion of La Sierra Hills neighborhood.  
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• Bushnell Avenue Sewer Line: The trunk sewer line begins 

at manhole M734 located at the intersection of Bushnell 
Avenue and Mitchell Avenue and continues in a 
southwesterly direction. The sewer line between manhole 
M734 and M731 is 18-inch. At manhole M731 the size 
changes to 15-inch. The sewer line joins La Sierra Avenue 
(1) trunk sewer line at manhole M205. The sewer line 
crosses La Sierra Channel near Mitchell Avenue. This 
sewer line picks up wastewater flow from Mitchell Avenue 
sewer line and residential development along Bushnell 
Avenue.  

 
• Pierce Street (3) Sewer Line: The trunk sewer line begins 

at manhole M214 located at Pierce Street east of Sierra 
Vista Avenue. A 15-inch sewer line continues from this 
location in an easterly direction to manhole M207. A 12-
inch line continues to Manhole M205 at the intersection of 
Bushnell Avenue and La Sierra Avenue where it joins La 
Sierra Avenue (1) trunk sewer line. This sewer line picks 
up wastewater flow from residential development north of 
La Sierra University. 

 
• La Sierra Avenue (1) Sewer Line: The trunk sewer line 

begins at manhole M205 located at La Sierra Avenue and 
Pierce Street intersection. A 21-inch sewer line continues 
from this location in a southeasterly direction to manhole 
M196. At this location, it joins the trunk sewer line along La 
Sierra Channel. The sewer line also crosses La Sierra 
Channel at this location. It picks up wastewater flow from 
Pierce Street sewer line and Bushnell Avenue sewer line at 
M205 in addition to flow from commercial development 
along La Sierra Avenue. 

 
 

• Hole Avenue Sewer Line: Hole Avenue trunk sewer line is 
comprised of many sewer segments of varying sizes and 
begins at manhole M725 at the intersection of Hole 
Avenue and Doane Avenue.  A 15-inch sewer line begins 
from this location and continues in a southeasterly 
direction to manhole M723. An 18-inch line continues to 
manhole M718. Beyond this manhole, a 12-inch sewer line 
continues southward to manhole M717. The sewer line 
joins Collett Avenue trunk sewer line at M188. The sewer 
line crosses La Sierra Channel north of Mitchell Avenue. 
This sewer line picks up wastewater flow from the 
residential development along Hole Avenue west of Collett 
Avenue. In addition, it picks up flow from commercial 
development near the Hole Avenue and California Avenue 
intersection. 
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• Collett Avenue Sewer Line: The trunk sewer line begins at 

manhole M188 located at the intersection of Collett 
Avenue and Jones Avenue. An 18-inch sewer line 
continues from this location in a southwesterly direction to 
manhole M196. This sewer line picks up wastewater flow 
from Hole Avenue and Jones Avenue sewer lines and also 
from residential and commercial development along Collett 
Avenue. It joins La Sierra Channel Trunk Sewer at 
manhole M196. 

 
• Arizona Avenue Sewer Line: The trunk sewer line begins 

at manhole M622 located at the intersection of Arizona 
Avenue and Cross Street. An 18-inch sewer line continues 
from this location in a southwesterly direction to manhole 
M614. Then an 8-inch line continues to manhole M597. 
The size changes to 10-inch at this location and continues 
to manhole M594 where it joins Filmore Street trunk sewer. 
This sewer line picks up wastewater flow from residential 
development along La Sierra Avenue between Indiana 
Avenue and Victoria Avenue.  

 
• Polk Street (2) Sewer Line: Polk Street (2) trunk sewer line 

begins at manhole M577 at the intersection of Indiana 
Avenue and Racine Drive and crisscrosses through many 
streets before joining Magnolia Avenue (1) sewer line at 
manhole M553.  A 12-inch sewer line continues from 
manhole M577 in a southwesterly direction to manhole 
M573. From there, an 8-inch line continues to manhole 
M572. Beyond this manhole a 12-inch sewer line continues 
southwards to manhole M553. The sewer line joins 
Magnolia Avenue (1) trunk sewer line at M553. The sewer 
line crosses Metrolink Railroad and Hwy 91. It picks up 
wastewater flow from the residential development east of 
Hwy 91 and commercial developments between Hwy 91 
and Magnolia Avenue. 

 
• Polk Street (1) Sewer Line: The trunk sewer line begins at 

manhole M167B at the intersection of Magnolia Avenue 
and Polk Street.  A 15-inch sewer line continues from this 
manhole in a northwesterly direction to manhole M177 and 
then continues southwesterly direction to manhole M180 at 
Jones Avenue. It picks up wastewater flow from 
commercial development along Polk Street west of Hwy 
91. 

 
• Magnolia Avenue (1) Sewer Line: Magnolia Avenue (1) 

trunk sewer line begins at manhole M553 at the 
intersection of Magnolia Avenue and Polk Street.  An 8-
inch sewer line continues from manhole M553 in 

Arlanza Trunk Sewer Study 
August, 2006 14   

    H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxC-ArlanzaFinal.pdf



 

southwesterly direction to manhole M551. From there, a 
21-inch line continues to manhole M548. Beyond this 
manhole a 24-inch sewer line continues to manhole M42. 
A parallel sewer line also continues from manhole M553 to 
M551. The sewer line joins La Sierra Avenue (2) trunk 
sewer line at M536. It picks up wastewater flow from Polk 
Street sewer line and commercial development between 
Hwy 91 and Magnolia Avenue. 

 
• Magnolia Avenue (2) Sewer Line: The trunk sewer line has 

two parallel segments between La Sierra Avenue and 
Golden Avenue. A 12-inch segment begins at manhole 
M545 located at the intersection of Magnolia Avenue and 
Golden Avenue and continues in a northeasterly direction 
to manhole M538. At this location, the line changes to 15-
inch and continues to manhole M536 located at the 
intersection of Magnolia Avenue and La Sierra Avenue. 
Another 24-inch segment of pipeline continues from 
manhole M536 in a southwesterly direction to manhole 
M582 located at the Magnolia Avenue and Golden Avenue 
intersection. Besides collecting flow from Polk Street (2) 
sewer, this sewer line picks up wastewater flow from the 
commercial development in the vicinity. 

 
• Magnolia Avenue (3) Sewer Line: Magnolia Avenue (3) 

trunk sewer line begins at manhole M702 at Buchanan 
Avenue south of Magnolia Avenue.  A 12-inch sewer line 
continues from manhole M702 in a westerly direction to 
manhole M701. Then an 8-inch line continues to manhole 
M700. Beyond this manhole a 15-inch sewer line continues 
to Pierce Street trunk sewer line at manhole M676. The 
sewer line crosses Arlington Channel and Metrolink 
Railroad east of Magnolia Avenue. 

 
• Queensborough Street Sewer Line: The trunk sewer line 

begins at manhole M712 located at the intersection of 
Queensborough Street and Price Street.  A 12-inch sewer 
line continues from manhole M712 in a southwesterly 
direction to manhole M591 at the intersection of 
Queensborough Street and Fillmore Street. It picks up 
wastewater flow from residential development south of La 
Sierra Avenue and east of Hwy.91. 

 
• Fillmore Street Sewer Line: Fillmore Street trunk sewer line 

begins at manhole M594 at the intersection of Fillmore 
Street and Indiana Avenue.  A 10-inch sewer line 
continues from manhole M594 in a northwesterly direction 
to manhole M587. Then, a 12-inch line continues to 
manhole M582. The sewer line joins Golden Avenue trunk 
sewer line at manhole M582. It crosses Arlington Channel, 
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Metrolink Railroad and Hwy 91 east of Magnolia Avenue. 
The sewer line picks up Arizona Avenue wastewater flow 
at M594, Queensborough Street flow at M591 and flow 
from residential development along Fillmore Street. 

 
• Riverwalk Parkway Sewer Line: The trunk sewer line 

begins at manhole M668 located at the intersection of 
Riverwalk Parkway and Collett Avenue.  A 12-inch sewer 
line continues from manhole M668 in a southeasterly 
direction to manhole M658 at the intersection of Riverwalk 
Parkway and Pierce Street. It picks up wastewater flow 
from La Sierra University (LSU) and residential 
development on eastern edge of LSU. 

 
• Pierce Street (1) Sewer Line: Pierce Street (1) trunk sewer 

line begins at manhole M672 located at the intersection of 
Pierce Street and Collett Avenue.  A 15-inch sewer line 
continues from this location in a southeasterly direction to 
manhole M671 where the size changes to 12-inch. The 12-
inch line continues to manhole M657. The sewer line joins 
La Sierra Channel trunk sewer line at manhole M642. The 
sewer line picks up wastewater flow from Riverwalk 
Parkway sewer line and also from residential development 
west of Pierce Street. 

 
 
• Taylor Street Sewer Line: The trunk sewer line begins at 

manhole M692 located at the intersection of 
Queensborough Street and Paines Street. A 15-inch sewer 
line continues from manhole M692 in a southwesterly 
direction to manhole M680 at the intersection of Taylor 
Street and Pierce Street. It picks up wastewater flow from 
residential development north of Pierce Street and west of 
Indiana Avenue. 

 
• Pierce Street (2) Sewer Line: Pierce Street (2) trunk sewer 

line begins at manhole M680 located at the intersection of 
Pierce Street and Taylor Street.  A 15-inch sewer line 
continues from this location in northwesterly direction to 
manhole M676, where the size changes to 21-inch. The 
21-inch line continues to manhole M642 where it joins the 
La Sierra Channel trunk sewer line. The sewer line picks 
up wastewater flow from Magnolia Avenue (3) sewer at 
M676 and from Taylor Street sewer at M681. 

 
 
• Stonewall Drive Sewer Line: The trunk sewer line begins at 

Collett Avenue north of Golden Avenue at manhole M656. 
A 12-inch sewer line continues from this location to 
manhole M651 where the size changes to 15-inch. The 
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sewer line joins La Sierra Channel trunk sewer line at 
manhole M650. It picks up wastewater flow from residential 
development west of La Sierra Channel and Collett 
Avenue. 

 
• Golden Avenue Sewer Line: The sewer line begins at 

manhole M582 located at the intersection of Golden 
Avenue and Magnolia Avenue. A 12-inch sewer line 
continues from this location to manhole M631 where it 
joins La Sierra Channel trunk sewer line. It picks up 
wastewater flows from Fillmore Street and Magnolia 
Avenue (2) sewer lines. Also, it picks up wastewater flow 
from residential development along Golden Avenue 
between Magnolia Avenue and La Sierra Channel. 

 
• La Sierra Avenue (2) Sewer Line: La Sierra Avenue (2) 

trunk sewer line begins at manhole M536 located at the 
intersection of La Sierra Avenue and Magnolia Avenue. It 
joins Cochran Avenue sewer line at manhole M531. The 
sewer line picks up wastewater flow from Magnolia Avenue 
(1) and Magnolia Avenue (2) sewer lines at manhole 
M536. Also, it picks up wastewater flow from commercial 
developments near La Sierra Avenue and Magnolia 
Avenue intersection. 

 
• Cochran Avenue Sewer Line: The trunk sewer line begins 

at manhole M531 located at the intersection of Cochran 
Avenue and Jones Avenue. A 15-inch sewer line continues 
from this location to manhole M180 where it joins Jones 
Avenue trunk sewer line. It picks up wastewater flows from 
La Sierra Avenue (2) sewer line. Also, it picks up 
wastewater flow from residential development between La 
Sierra Avenue and Jones Avenue. 

 
• Jones Avenue Sewer Line: The trunk sewer line begins at 

manhole M180 located at the intersection of Cochran 
Avenue and Jones Avenue. A 15-inch sewer line continues 
from this location to manhole M188, where it joins Collett 
Avenue trunk sewer line. It picks up wastewater flows from 
Polk Street (1) and Cochran Avenue sewer lines at 
manhole M180.  

 
• La Sierra Channel Sewer Line: La Sierra Channel trunk 

sewer line picks up all wastewater flow from the western 
portion of the Arlanza Trunk Sewer Study Area that drains 
to Pierce Pump Station. The sewer line begins at manhole 
M196 located at the intersection of La Sierra Avenue and 
La Sierra Channel.  A 27-inch sewer line continues from 
this location in a southeasterly direction to manhole M642. 
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From this location, a 30-inch sewer line continues to 
manhole M645, which is the location of the pump station.  

 
• Magnolia Avenue Force Main: Magnolia Avenue Force 

Main begins at Pierce Pump Station located near Pierce 
Street and Hwy.91. From this location, the line follows the 
alignment of Magnolia Avenue in northeasterly direction to 
manhole M093 where it joins the gravity sewer system at 
Megginson Lane north of Magnolia Avenue. It is a 24-inch 
Mortar Lined and Coated (ML&C) steel pipe in its entire 
reach. 

 
• La Sierra Area Force Main: The force main begins at 

Pierce Pump Station located near Pierce Street and Hwy 
91. From this location, the force main initially follows the 
alignment of Pierce Street in a northwesterly direction to 
Riverwalk Parkway and then along Riverwalk Parkway to 
Collett Avenue. From there, it follows Collett Avenue in a 
northeasterly direction to the intersection of Hole Avenue 
and Collett Avenue. It follows Hole Avenue to the 
intersection of Hole Avenue and Tyler Street. Thereafter, it 
continues through an easement to the gravity sewer line at 
manhole M092. The force main is a 30-inch ML&C steel 
pipeline.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Arlanza Trunk Sewer Study 
August, 2006 18   

    H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxC-ArlanzaFinal.pdf



H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxC-ArlanzaFinal.pdf



H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxC-ArlanzaFinal.pdf



H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxC-ArlanzaFinal.pdf



H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxC-ArlanzaFinal.pdf



H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxC-ArlanzaFinal.pdf



H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxC-ArlanzaFinal.pdf



H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxC-ArlanzaFinal.pdf



H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxC-ArlanzaFinal.pdf



 

3.4 Tributary Areas 
 

The study area is divided into 34 sub-areas, each having a land 
use or flow pattern distinctive from other.  These sub-areas are 
tributary to a particular meter location either individually or 
collectively (See section 4.1 Flow Monitoring). Because of their 
strategic locations, meters upstream from a cumulative meter can 
be subtracted out to deduce the cumulative effect.  See Figure 5 
for meter locations and tributary areas, and Figure 4 for details of 
tributary sub-areas. Following is the listing of tributary sub-areas 
and their contribution to a particular meter location. 
 
Meter No. 1: Sub-areas 17, 18 and 20 are tributary to meter No. 1, 
located on La Sierra Avenue, northwest of the La Sierra Avenue 
and Collett Avenue intersection. 
 
Meter No. 2: Sub-areas 12 and 29 are tributary to meter No. 2 
located on the Collett Avenue near Collett Avenue and Sunrose 
intersection. 
 
Meter No. 3: Sub-areas 14, 15 and 16 are tributary to meter no. 3 
located at Pierce Street near Pierce Street Lift Station. 
 
Meter No. 4: Flow from Pierce Lift Station that includes sub-areas 
12,13,14,15,16,18,19,20,25,16,27 and 29 are tributary to meter 4, 
located on Selma Avenue between the Tomilinson Avenue and 
Selma Avenue intersection. 
 
Meter No. 5: Sub-areas 7, 9, 10, 11 and 24 are tributary to meter 
5, located on Van Buren Boulevard at the Van Buren Boulevard 
and Challen Avenue intersection.  
 
Meter No.6: Sub-areas 4, 5, 6 and 35 are tributary to meter 6, 
located on California Avenue between Nessel Street and Wheeler 
Street. 
 
Meter No.7: Sub-areas 8, 21, 22 and 34 are tributary to meter 7, 
located on Jurupa Avenue west of the Van Buren Boulevard and 
Jurupa Avenue intersection. 
 
Meter No. 8: Sub-areas 2 and 3 are tributary to meter 8, located 
on Acorn Street between Jurupa Avenue and Central Avenue. 
Also, flows from other upstream meters are intercepted at this 
location. 

 
Within each sub-area there is generally a distinct mixture of land 
use, that generates a unique quantity and diurnal pattern of 
wastewater flows. For identification of land use patterns, data 
provided by the City of Riverside in GIS Arcview format was used. 
Table 3-2 summarizes the sub-areas and land uses within the 
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sub-areas that are currently contributing to the existing sewer 
system. 

 
Table 3-1 

 
Developed Tributary Areas and Current Wastewater Land Use 

 
 

Sub Area 
 

SFR 
(Acres) 

MFR 
(Acres) 

Commercial 
(Acres) 

Industrial 
(Acres) 

School 
(Acres) 

Total 
(Acres) 

1 0 0 82 0 0 82 
2 0 0 151 0 0 151 
3 265 14 305 12 9 605 
4 299 40 19 0 7 365 
5 401 8 94 0 0 503 
6 526 21 22 0 0 569 
7 113 5 27 0 50 195 
8 95 0 0 0 0 95 
9 42 0 26 0 0 68 
10 212 0 0 0 0 212 
11 190 0 83 0 11 284 
12 314 16 55 0 0 385 
13 354 0 7 0 38 399 
14 9 93 0 0 0 102 
15 60 0 31 0 4 95 
16 42 27 77 0 0 146 
17 727 0 0 0 27 754 
18 317 0 0 0 0 317 
19 176 81 155 33 103 548 
20 479 23 18 10 82 612 
21 382 38 86 24 10 540 
22 63 0 0 0 0 63 
23 241 0 4 17 31 293 
24 25 9 3 0 0 37 
25 83 38 0 0 0 121 
26 118 36 20 0 10 184 
27 67 3 5 0 0 75 
29 903 200 397 0 80 1,580 
30 177 12 31 11 31 262 
31 207 80 127 2 24 440 
32 260 80 67 5 216 628 
33 73 58 42 79 10 262 
34 0 0 52 0 0 52 

 
SFR – Single Family Residential 
MFR – Multi Family Residential 
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4.0  DETERMINATION OF SEWER FLOWS 
 
 
 
4.1 Flow Monitoring 
 

Flow Monitoring was conducted at eight (8) sites to measure flows 
at strategic locations. In addition, flow readings from the Inflow 
and Infiltration (I&I) Study meters that were installed between 
01/07/05 and 02/28/05 were also used. (See Figure 5 for locations 
of Flow Monitoring Stations). The flow monitoring was designed to 
accomplish the following: 

 
• Establish current flow levels (See Figures 9-16). 
• Verify or adjust flow coefficients. 
• Establish characteristic flow patterns (Diurnal Curves) for the 

model (See Figures 17-24). 
• Confirm peak to average flow relationships. 
• Help prioritize recommend improvements. 

 
 

Meter locations were chosen to observe actual flow 
characteristics for the various sub-areas and to provide a 
continuous record of measured flows over a period of time (two 
weeks for this study).  Meter locations were also chosen in such 
a manner that current flow quantities at the RWQCP could be 
quantitatively determined.  The City measures inflow from 
Arlanza study area at RWQCP at one minute intervals. The flow 
records received from the City were used for flow comparison 
and determination of diurnal patterns. Following is an 
amplification of the logic for placement of each flow meter. 
 
• Meter No. 1; location on La Sierra Avenue northwest of 

Collett Avenue  – This location was chosen because it carries 
all the flow generated from the residential area north of Pierce 
Street. The flow pattern at this location would reflect a diurnal 
pattern for single family residential developments. 

 
• Meter No. 2; location on Collett Avenue near Sunrose Drive – 

This location was chosen to observe flow generated from the 
mixed use land area west of Hwy 91. This meter will measure 
flow generated from a matured residential - commercial area. 
The flow pattern at this location reflects a diurnal pattern for 
mixed land use. 

 
• Meter No. 3; location on Pierce Street northwest of Magnolia 

Avenue  – This location was chosen to measure the flow from 
residential and commercial areas on both sides of Hwy 91. 
The flow pattern at this location reflects a mixed diurnal 
pattern for residential – commercial land use. 
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• Meter No. 4; location on Selma Avenue north of Tomlinson 

Avenue – This location was chosen to measure the flow from 
Pierce Street Lift Station. The meter measures approximately 
all wastewater flow from the study area west of Tyler Street. 
The flow pattern at this location also reflects a pattern for a lift 
station. 

 
• Meter No. 5; location on Van Buren Boulevard south of 

Challen Avenue – This location was chosen to measure the 
flow from residential areas along Van Buren Boulevard. This 
portion of study area is typically low density residential. 

 
• Meter No. 6; location on California Avenue between Nessel 

Street and Wheeler Street – This location was chosen to 
measure the flow from residential areas in the northeastern 
portion of study area. The residential land use in this portion 
of study area is typically low density. The diurnal flow pattern 
can be used to estimate and calibrate residential flow 
patterns. 

 
• Meter No. 7; location on Jurupa Avenue (extended) west of 

Van Buren Boulevard – This location was chosen to measure 
the flow from residential areas near City’s northern boundary. 
The residential land use is typically medium density.  

 
• Meter No. 8; location on Acorn Street north of Central Avenue 

– This location was chosen to measure flow from the 
commercial areas east of Acorn Street. It also intercepts flows 
from upstream contributing areas.  

 
 
In conjunction with flow measured at the above meters and the 
I&I meters, flow data from the City was also used. 

 
 

4.2 Results of Flow Monitoring 
 
  Measurement of sewer flows is an imprecise science, as the in-

line equipment is placed in a harsh environment and is subject to 
solids interference, turbulence and other problems, which can 
impede the accuracy.  Installed equipment must be frequently 
inspected and maintained, and monitoring results interpreted, 
evaluated for reasonableness, and sometimes adjusted.  In this 
particular application, metered flow information was generally 
good.  However, some flows at specific meter locations did not 
display consistent values.  Graphical results at each site were 
carefully reviewed for consistency and reasonableness, using the 
following general guidelines:   
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• Where the magnitude or daily pattern varies significantly from 

one non-holiday weekday to the next, the data is likely to be 
flawed. 

• Where the base (low) flows are rising during the flow monitoring 
period, the data is suspect. 

• Where the algebraic sum of flows from meters in series are 
significantly out of sync, the data from one or more meters may 
be faulty. 

• Where the minimum (nighttime) flows are abnormally high or 
algebraically inconsistent, the data is suspect. 

• Where the measured depth data and velocity data are 
inconsistent the data is suspect. 

  
Metered flows displaying one or more of the above flaws were 
purged or adjusted based on reasonable assumptions. 

 
  At each meter location the flow-monitoring device measures depth 

of flow and velocity.  Upon reviewing the report submitted by 
Downstream Services, and from discussions with their staff, it was 
determined the data (depth or velocity) that is more consistent 
should be used for determination of flow.  By using depth of flow 
readings and inputting pipe characteristics from record drawings 
(slope, size and roughness “n” values), sewage flow can be 
calculated using Manning’s equation.  The raw flow data have 
been included in the Appendix “A”. 

 
  The flow monitoring hydrographs at each meter site, adjusted 

based on the depth measurements, are shown in Figures 9 
through 16. The following relevant observations were made from 
evaluation of the measured flows: 

 
• At meter location 1 the velocity and depth of flow readings 

are consistent for the entire period. The flow during this 
monitoring period has been used for estimation of the 
maximum flow and calibration of the model for sub-areas 
17, 18 and 20. 

 
• Flow measured at meter location 2 are generally consistent 

for week days. Some inconsistency has been observed 
during weekends that can be explained by the mixed land 
use flow contribution. The flow measured at this meter 
location has been used for calibration of flow from sub- 
areas 12 and 29.  

 
• At meter location 3 the velocity and depth of flow readings 

are generally consistent for the monitoring period. During 
the weekdays, small spikes have been observed. The flow 
during this monitoring period has been used for estimation 
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of the maximum flow and calibration of the model for sub- 
areas 14, 15 and 16. 

 
• The flow from the Pierce Street Lift Station is measured at 

meter location 4. Data for depth, velocity and flow are 
consistent at this location. The maximum flow value 
observed at this location has been used for calibration of 
the model for sub-areas 13, 19, 25, 26 and 27. 

 
• At meter location 5, the velocity and depth of flow readings 

are generally consistent for the monitoring period. It also 
shows some spikes in the flow during the rain event. The 
flow at this monitoring station has been used for calibration 
of the model for sub-areas 7, 9, 10, 11 and 24. 

 
• At meter location 6 the flow readings are generally 

consistent for the monitoring period. At this location, 
primarily flow from residential land use is measured. It 
shows a typical residential diurnal pattern. The flow at this 
monitoring station has been used for calibration of the 
model for sub-areas 4, 5 and 6. 

 
• Flow measured at meter location 7 is not consistent for the 

entire flow measurement period. Flow measured between 
Oct 11 and Oct 16 has been used for the calibration of the 
model. The flow and diurnal pattern of this meter location is 
used for flow calibration of sub-areas 8, 21 and 22. 

 
• Flow measured at meter location 8 shows a minimum flow 

value during early hours and a high peaking factor. This 
phenomenon can be explained by the split flow situation 
upstream of this meter location. The flow and diurnal 
pattern at this meter location is used for flow calibration of 
sub-areas 2 and 3. 
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5.0 ESTIMATED ULTIMATE FLOW 
 
 
 
5.1 Methodology 

 
Future wastewater flows in the study area are estimated by 
applying unit (per acre or per capita) flow factors to the projected 
“ultimate” land use acreage or population in each sub area.  As 
discussed in Section 2, ultimate land uses within the study area 
are estimated based on the City’s current General Plan (which 
governs future development/redevelopment). The major 
contributor to the increased wastewater flow in the future would be 
undeveloped low density residential areas southeast of Victoria 
Avenue and areas at Riverside-Norco boundary.  For purpose of 
this study it has been assumed that these areas would most likely 
be developed by the year 2020.  
 
 

5.2 Flow Coefficients 
  
A review of commonly used flow coefficients (or unit factors) was 
performed to arrive at preliminary criteria, which are considered to  
be an appropriate starting point for the study. 
 
Flow coefficients are commonly expressed in terms of cubic feet 
per second (cfs) of average dry weather flow (ADWF) per acre of 
a specific land use type.  For population based estimates, flows 
are expressed in gallons per capita per day (gpcd).  Peak flow 
generation rates are estimated by applying peaking factors to the 
average flow, with factors often based on observed peak-to-
average ratios from previous studies. However, peaking factors 
and diurnal flow patterns vary greatly from one setting to another. 
Peaks for various land uses differ not only in magnitude, but also 
in time of day. The diurnal patterns are a composite picture of 
inflows that are not simultaneous, but rather staggered throughout 
the day. Also, peaks are attenuated by lag times and in pipe 
storage as the flows move downstream. Notwithstanding the 
above, diurnal peaking factors are also estimated for each land 
use to estimate peak generation rates.  
 
For preliminary estimation of wastewater flow, the document 
“Criteria for Sewer Facility Design, Public Works Department, City 
of Riverside” was used ( See Appendix “B”). The document states 
the following general guideline for estimation of wastewater flows. 
 
Flows from Residential Developments: 
 

 
• Land use shown in the City’s General Plan. 
• No. of dwelling units per acre within a certain land use. 
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• Persons per living unit determined from the latest census data 
for the study area. However, it should not be less than an 
average of 2.75 persons per living unit. 

• Average wastewater flow based on 65 gallons per capita per 
day. 

• Peak to average flows to be determined from the graphs. 
 

Flows from Non-residential Developments: 
 
• Industrial Developments – Peak flow; 0.012 cfs per acre. 
• Commercial Developments – Peak flow 0.01 cfs per acre. 
• Offices – 30 gallons per capita (employee on site) per day 

peak flow. 
• Schools – 0.01 cfs/acre peak flow. 
• Laundromat – 580 gallons per machine per day peak flow. 

 
 
 5.3 Representative Diurnal Hydrographs 

 
The study area is comprised of a variety of unique land uses. For 
the purpose of defining characteristic diurnal patterns, flow from 
each sub-basin was analyzed and percentage of flow contribution 
from each land use type was estimated. Although none of the 
tributary sub areas flowing to the meter locations are comprised of 
a single land use category, several are dominated by one or two 
categories, and are thus selected as being representative of the 
diurnal flow patterns for those land uses. The diurnal patterns 
were established for each meter location, and the model was 
calibrated for mixed land use patterns. The following diurnal 
patterns were used for the modeled peak flow evaluation. 

 
• Flow at meter location 1:   Mixed Land Use with SFR 

predominance. 
 

• Flow at meter location 2:  Mixed Land Use 
 

• Flow at meter location 3:  Mixed (Commercial and 
Residential) 

 
• Flow at meter location 5:  Mixed Land Use with residential 

predominance. 
 

• Flow at meter location 6:  Low density residential 
 

• Flow at meter location 7:  Medium density residential 
 

• Flow at meter location 8:  Commercial use  
 

These representative diurnal hydrographs are shown in Figures 
17-24.  The flow patterns are used in the model to estimate the 
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percentage of Average Dry Weather Flow (ADWF) contributed at 
specific times throughout the day. 
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6.0 COMPUTER MODEL SIMULATION ANALYSIS 
 
 
 
 6.1 Methodology 
  

Capacity analysis involved the evaluation of the available capacity 
in the existing collection system under present and future 
development conditions.  Based on results of the analysis, phased 
facility improvements were identified to allow for projected growth 
within the service area. 
 
This section describes the analytical methodology and hydraulic 
model development and summarizes the results of the analyses. 

 
The principal tool utilized in the capacity analysis was a hydraulic 
model that simulates flow conditions using inflow and sewer 
system characteristic input data.  With this input information, the 
model is able to output sewage depth of flow, rate of flow, and 
velocity of flow, in selected pipes and manholes during different 
times of the day.  The model selected for use in this study is XP-
SWMM (XP Software, Version 9.10). This modeling software 
belongs to a class of software referred to as “dynamic wave 
models”.  These types of models provide an accurate simulation of 
hydraulic flow conditions over an extended period of time. 
 
Data required to create the model include information describing 
the physical wastewater collection system, such as pipe diameters 
and reach lengths, manhole invert elevations, and estimated pipe 
roughness coefficients.  Additionally, data describing the sewage 
loading at selected manholes expressed as a varying flow rate 
over time (i.e. a diurnal curve), must be provided.  Model output 
consists of a variety of hydraulic parameters, most importantly 
peak flow velocity and discharge rates. 
 
Calibration of the model consisted of simulating existing sewer 
flow conditions and comparing the modeled flows with the 
recorded flows at the meter locations.  The assumed diurnal 
curves that serve as input to the model were iteratively adjusted 
until the recorded and recorded sewage flow hydrographs 
achieved reasonable agreement.      

 
Simulations of future sewage flow conditions were performed by 
developing input data sets that included sewage generation 
projections for the assumed ultimate conditions.  Pipe reaches, in 
which simulated peak flows exceeded a specified trigger criterion, 
were identified as potential improvement reaches.  Improvements 
required to provide adequate capacity for projected flows were 
then determined through an iterative modeling process.  The 
process consists of simulating flow conditions after increasing the 
diameter of downstream portions of the identified reaches.  In 
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subsequent iterations, pipes were increased in diameter until the 
projected peak flow could be conveyed through the reach without 
exceeding the specified design flow criteria. 

 
 
 6.2 Limitations of Modeling 
 

The hydraulic model, which was utilized as the primary planning 
tool for the sewer capacity analysis, provides an accurate 
simulation of flow conditions within a sanitary sewer system in 
response to existing and future sewage loading.  The accuracy of 
the simulation, however, is directly related to the accuracy of the 
model input data, including physical parameters and sewage 
loading projections. For example, in a case where roots had 
entered the pipeline, thereby causing a restriction of flow, the 
model would be unable to predict the reduction in flow through this 
obstruction.  Consequently, a general understanding of the data 
sources is critical in interpreting the modeling results. 
 
The physical parameters of the model, including the pipe 
diameter, slope, and roughness coefficients were based 
principally on City’s GIS database information.  Where this data 
appeared to be inaccurate, construction drawings were reviewed 
and the input data corrected. 
 
Network connectivity refers to the flow path followed by sewage 
within the sewer system.  The connectivity is a function of the 
relative slope of each sewer pipe and the relative invert elevations 
of the incoming and outgoing sewer pipes at manholes.  For 
example, a manhole may have two or more sewer pipes, which 
could convey flow away from the manhole.  If the invert (bottom) 
of one of these pipes is lower than the other, the downstream flow 
path at this manhole would follow the lower pipe. 
 
Sewage loading projections were based on calibrated flow rates.  
As previously described, flow rates used for calibration were 
based on actual monitored flows at key points in the trunk system 
measured in October 2005.  This period included the weekends. 
 
Since a degree of uncertainty exists in both the physical data and 
the sewage loading projections used as model inputs, reaches 
identified by model simulations as near or at capacity should be 
subject to additional engineering evaluation prior to improvement.  
Such evaluation may include field inspection, video monitoring 
and flow metering. 
 
The results of model run evaluating the existing collection system 
for existing and ultimate flow conditions are summarized in Table 
7-1. 
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7.0 DEFICIENCIES AND SOLUTIONS 
 

 
 7.1  Deficient and Marginally Deficient Pipes 

 
The Computer model simulations of the City’s wastewater system 
have evaluated pipe reaches in terms of both volume and velocity 
criteria. 

 
The City’s design criterion for sewer lines allows pipes to flow at a 
ratio of 75% of “full” hydraulic capacity.  Assuming that “full” 
capacity is the maximum hydraulic capacity of a pipe flowing 
under gravity (non-pressure) conditions, Manning’s equation 
shows that maximum flow occurs when a pipe reaches a flow 
depth ratio of about 95% depth/diameter (d/D). For the purpose of 
this study, pipes flowing at 90% or greater capacity are considered 
“deficient”, and pipes flowing at greater than 75% and less than 
90% are considered “marginally deficient”. 

 
Pipe reaches which fail the “75% full” volume criterion for both 
existing and future flow conditions are shown in Table 7-2 and 
Figures 25A, 25B, 25C, 27A, 27B and 27C.  It is seen that 
portions of the modeled trunk system are already flowing at 
greater than 75% full, and several reaches are computed to be 
over 100% full (surcharging) for existing and ultimate flow 
conditions.  At ultimate conditions, numerous additional reaches 
are shown to surcharge or exceed the “75% full” criteria. 
 
 A velocity more than 10 feet per second is considered to be the 
threshold for scouring. The pipes having a maximum velocity of 
more than 10 feet per second are considered “deficient” in 
velocity, due to the potential erosion of the interiors of pipe walls 
over time. A velocity less than 2 feet per second is not considered 
self- cleansing  and pipe reaches that have a maximum flow 
velocity less than 2 feet per second under existing flow conditions 
are also considered “deficient” in velocity. These pipes are shown 
in Figures 26A, 26B and 26C. 
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7.2  Project Prioritization Methodology 
    

The 75% full criterion is useful for analyzing deficient pipes and as 
a basis for sizing new facilities.  However, the criterion is not 
necessarily the trigger point for replacement or augmentation of 
an existing sewer line. In most cases, a sewer entity would not 
implement a relief project until capacity problems are actually 
observed or known to be imminent. Velocity deficiencies are an 
indication of potential maintenance concerns, but are not ground 
for replacement. 

 
A recommended system of project prioritization is the 
categorization of deficient sewer lines based on modeled % full 
results. The “A” priority projects are immediately needed and the 
“B” and “C” projects require further consideration for replacement. 
Priority classifications are described as follows: 
 
Priority “A” – The pipes listed within this priority are currently 
flowing more than 90% full under maximum flow condition. These 
pipes are grouped for replacement/re-habilitation in the period 
(2005-2010); preferably as soon as practically possible. 
 
Priority “B” – The pipes, listed in this priority are projected to be 
flowing more than 90% full in the future under estimated maximum 
flow conditions. A linear interpolation was done for anticipation of 
the mid-term flow in pipes between year 2005 and ultimate year 
(2020). The pipes that would be flowing more than 90% full in the 
year 2015 are placed under priority “B”. These pipes need 
evaluation as new development takes place in the tributary areas. 
Flow monitoring within the study area should be considered for 
observation of actual flows. The pipes under this priority are 
grouped for replacement/re-habilitation in the period (2011-2015). 
 
Priority “C” – The pipes listed in this priority would be flowing more 
than 75% full in the future under maximum flow conditions. The 
pipes that are not part of priority “A” and “B” and will flow more 
than 75% full by the year 2020 are considered under priority “C”.  
These pipes need evaluation as new development takes place in 
the tributary areas. These may or may not be replaced or 
paralleled depending on actual observed flow conditions in the 
future. If tributary areas are at or near ultimate development and 
the metered flows are still below 90% of capacity, the pipes would 
not likely be replaced. Flow monitoring within the study area 
should be considered when significant development occurs. The 
pipes under this priority are grouped for replacement/re-
habilitation in the period (2016-2020). 
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7.3  Recommended Improvements 
 

Table 7-3 lists project priority, project location, problem, solution 
and approximate cost for problem reaches.  This table identifies 
immediate and future problems in the sewer lines and suggested 
solutions. The project cost is based on year 2005 indices.  
 
Note that the first order of priority is field observation of all pipes 
where model results indicate surcharging conditions to verify that 
the flows are indeed exceeding pipe capacity. 

 
 
 

7.4  Grouping of Projects 
 

Proposed improvements under different priorities have been 
combined or grouped into projects to improve deficient and 
marginally deficient pipes based on the following criteria: 
 
Pipes identified as marginally deficient in near future (Priority “B”),  
and marginally deficient in more distant future (Priority “C”) located 
geographically close to one another and requiring improvements 
in future are grouped to reduce improvement costs. 
 

 
 

7.5  Construction Schedule  
 

A summary of the proposed construction prioritization and 
recommended scheduling is shown in Table 7-2. This table lists 
construction priorities and the year in which these activities are 
proposed. Also, the pipes falling under priorities “B” and “C” will 
need re-evaluation before their replacement. 

 
 

7.6   Cost Estimate  
 

Unit costs of pipes are based on bid prices for similar projects and 
from the web site www.get-a-quote.net. The cost of construction 
includes labor, materials, excavation, backfill and all other items 
associated with pipe laying. To estimate total cost, cost of 
mobilization / demobilization (7%), traffic control (7%), bond (1%), 
contractor’s profit (15%) and construction contingency (25%) is 
added to the cost of construction. The cost of engineering, right of 
way acquisition, permits, soil conditions remediation and by-pass 
pumping is not included in the construction cost. For priorities “B” 
and “C”, the cost estimate is based on year 2005 prices and no 
escalation has been added to estimate future cost.  Following is 
the summary of cost for the various priorities: 
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• Priority “A”    -  $0.75 Million (2005 $’s) (See Figures 28A, 28B, 
28C and Table 7-6-A for details) 

  
• Priority “B”    -  $3.32 Million (2005 $’s) (See Figures 28A, 28B, 

28C and Table 7-6-B for details) 
 
• Priority “C”   - $ 10.13 Million (2005 $’s) (See Figures 28A, 

28B, 28C and Table 7-6-C for details) 
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Flow Data at Meter Locations (On CD) 
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Appendix B 
City of Riverside, Criteria for Sewer Facility Design
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Appendix C 
Study Sewer Lines 
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Executive Summary  
 
ES.1 Introduction   
 
 This report presents the results of the Phoenix Trunk Sewer System 

Capacity Study prepared by PBS&J for the City of Riverside. The report 
contains recommendations regarding system deficiencies as identified by 
hydraulic model XP-SWMM (XP Software, Version 9.1). 

 
 The City of Riverside is located in the County of Riverside at the 

intersection of three major freeways; Route 91, Route 60 and Route 215. 
The study area encompasses approximately 11,000 acres of mixed land 
use development and is generally bounded by Santa Ana River to the 
North, Jefferson Street to the West, Van Buren Boulevard to the South 
and Alessandro Boulevard to the East.  The study area is essentially a 
fully developed community, comprising single family residential, multi 
family residential, commercial and light industrial areas with some vacant 
lands to be developed in the future. The portion of study area southwest 
of Victoria Avenue and designated as “residential semi-rural” would be 
one of the major contributors of sewage flow to the system. The trunk 
sewer line along Santa Ana River also intercepts flows from upstream 
study areas (Spruce, Tequesquite and Northside) besides flows from 
Phoenix study area. 

 
ES.2     Existing Sewer System
 
 
 The existing trunk sewer system within the study area is comprised of 

approximately 23 miles of gravity sewer mains. The gravity sewer main 
lines range in sizes from 8-inch to 48-inch in diameter and there are 379 
manholes. These sewer lines are essentially VCP and the manholes are 
typically brick lined. The City of Riverside owns, maintains and operates 
the sewer system. 

 
ES.3     Methodology
 
 For determination of current wastewater flows, flow monitoring was 

performed at five (5) strategic locations. These meter locations were 
chosen to observe actual flow characteristics for various sub areas with a 
distinct land use pattern within the study area. The flow monitoring was 
accomplished over a three-week period. The flow results were carefully 
evaluated for their accuracy and some adjustments were made based on 
depth of flow at meter locations. The readings of first week at meter no. 4 
were discarded for inconsistencies.  

 
 A theoretical estimate of wastewater flow from vacant areas was 

estimated based on factors from the City of Riverside “Criteria for Sewer 
Facility Design”. Residential wastewater flow was determined by using 
future projected population, whereas commercial and industrial flow was 
determined based on acreage and City estimated flow coefficients.  
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 The Computer Model Simulation Analysis involved evaluation of available 

capacity in the existing collection system under present and future 
development conditions. Based on the results of model runs, system 
deficiencies were identified on a priority basis and a phased facility 
improvement plan was developed to accommodate for the projected 
growth within the study area.  

 
ES.4     Project Priorities and Cost
 
 Deficient and marginally deficient pipes were identified from the results of 

model runs and were prioritized for replacement/rehabilitation purposes.  
The pipes that are currently flowing more than 90% full under modeled 
existing maximum flow conditions and needing near term (2005-2010) 
replacement/rehabilitations are grouped under priority “A”. The pipes that 
would flow more than 90% full in year 2015 under anticipated maximum 
future flow conditions are classified as priority “B”. The pipelines that are 
not included in priorities “A” and “B” and are anticipated to flow more than 
75% full under future flow conditions are categorized as priority “C”. Some 
adjustment of priorities and combining of improvements was done for 
continuity and efficiency of improvements. 

 
 The time phased improvements for various priorities are listed in  

Table 7-2. The approximate cost of recommended improvements is 
summarized in Tables 7-4, 7-5 and 7-6.  

 
 Under existing flow conditions, a total of approximately 5,700 linear feet of 

priority “A” deficiencies were identified, requiring near term (2005-2010) 
attention. Additional deficiencies predicted under ultimate flow conditions 
(Priority “B”) include an additional 900 linear feet of inadequate sewer 
lines. The estimated capital cost to remedy these identified deficiencies 
(in year 2005 $’s) is approximately $2,586,000 for Priority “A” and 
approximately $304,000 for Priority “B”. The total length of pipelines 
under Priority “C” would be approximately 40,000 feet and the cost of 
Priority “C” projects would be approximately $19,438,000. However, it is 
probable that majority of Priority “C” improvements will not need to be 
actually implemented and also that some of Priority “B” improvements 
may not be needed. Only those where surcharging (within manhole) and 
other problems are deemed imminent should be considered for 
improvement.  Periodic flow monitoring is also recommended to verify 
anticipated deficiencies and need for improvements. It is recommended 
that field observations of all pipes should be done where modeled results 
indicate surcharging conditions. The priorities are summarized in the table 
Ex-1: 
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Table Ex-1 
Summary of Priorities  

  
Priority Approximate 

Pipeline 
Length (feet) 

Location Replacement 
Year 

Total Project 
Cost (Year 
2005$’s) 

“A” 5,700 Central Avenue, Hillside Avenue, 
Phoenix Avenue and Santa Ana 
Trunk Line 

2005-2010 $2,586,000

“B” 900 Madison Street  2011-2015 $304,000
“C” 40,000 Madison Street, Phoenix Avenue 

and Santa Ana Trunk Line 
2016-2020 $19,438,000

 
 

______________________________________________________________________ 

Phoenix Trunk Sewer Study                            Ex- 3                                   
August, 2006                                                                                                                                                    

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxD-Phoenix Final 02-26-07.pdf



 

 
 

1.0 INTRODUCTION 
 
 

1.1 Background 
 

The City of Riverside (City) retained PBS&J to prepare a Trunk 
Sewer System Study for the central portion of the City. The Sewer 
System has been designated as Phoenix Trunk Sewer System.  
The study is necessitated by the fact that the City desires to 
evaluate the capacity of the existing sewer system and identify 
needed improvements. 
 
 

1.2 Study Area  
 

The City of Riverside is located in the northwest corner of the 
County of Riverside at the intersection of three major freeways; 
Route 91, Route 60 and Route 215.  Founded in 1870, the City is 
known for its citrus industry, world famous Mission Inn and other 
historical monuments.  Figure-1 is a Vicinity Map depicting the 
City’s location and its accessibility.  Figure 2 shows the study 
area.  The study area shown in Figure 2 encompasses 
approximately 11,000 acres and is generally bounded by Santa 
Ana River to the North, Jefferson Street to the West, Van Buren 
Boulevard to the South and Alessandro Boulevard to the East. For 
purposes of this study, the study area has been divided into 21 
tributary sub-areas, where downstream sub-areas intercept 
sewage flow from upstream sub-areas.  To obtain actual observed 
flow information for this study, sewage flow meters were placed at 
five (5) strategic locations to monitor cumulative flows contributed 
from the tributary sub-areas.   
 
 

1.3 Objective 
 

The objective of this Sewer System Capacity Study is to provide a 
comprehensive evaluation of the capacity of the sewer system 
within the study area, identify deficiencies in the current system 
and evaluate alternatives to enhance the conveyance capacity to 
accommodate ultimate wastewater flows anticipated to be 
generated in the study area. 
 
 
 
 
 
 
 

Phoenix Trunk Sewer Study 
August, 2006 1   

    H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxD-Phoenix Final 02-26-07.pdf



H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxD-Phoenix Final 02-26-07.pdf



H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxD-Phoenix Final 02-26-07.pdf



 

 
1.4 Scope and Study Approach 
 

Specific work tasks undertaken for this study are summarized as 
follows: 
 
• Kickoff Meeting 
 

An initial meeting was held between PBS&J and the City to 
discuss the project scope, communication protocol, 
explanation of methodology and scheduling of flow monitoring. 
Field data and other digital files to be provided by the City 
were also discussed. 

 
• Progress Meetings 

 
Informal Project Progress Meetings were held to discuss on- 
going issues and the progress of the study. 
 

• Flow Monitoring and Hydrograph Development 
 

Downstream Services Inc. installed, maintained, and collected 
flow data from five (5) monitoring stations throughout the study 
area. They submitted the collected raw data in electronic/hard 
copy format to PBS&J.  PBS&J then processed and reviewed 
this information and created a hydraulic database.  The City 
provided a copy of City’s General Plan for estimation of current 
and future flows.  Other information including as-built plans of 
wastewater facilities were provided by the City as and when 
requested by PBS&J. 

 
• Model Development 

 
Model development included input data collection, conversion 
of data and calibration.  The City’s GIS staff made available 
data pertaining to roads, sewers, land use, buildings and other 
utilities in ArcView format on a CD.  As-built plans for study 
sewer lines were reviewed.  Data available from GIS system 
and as-built plans were placed in a database system (MS 
Excel) as a pre-processor for XP-SWMM model development. 
Calibration of the model was done after construction of the 
model and additional data input.  

 
• Draft Report 

 
Based on the model simulations and the City’s criteria for 
Sewer Facility Design, a Draft Report was prepared that 
summarized the existing and future capacity situations. Where 
deficiencies were identified, alternatives were developed for 
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needed sewer improvements, along with probable costs.  The 
draft report was prepared for submittal / review by the City. 
 

• Final Report 
 
Draft Report review comments from the City were incorporated 
into the Final Report along with any additional information or 
research, in order to reflect a final level of study completion.  
The Final Report includes data and information assembled, 
system deficiencies identified, alternatives evaluated, capital 
improvement recommendations to remediate anticipated 
deficiencies, prioritization of improvements, and approximate 
costs.  
 
 

The comprehensive evaluation of the sewage collection system to 
accomplish the above-summarized scope of work features the 
following multi-step approach: 
 
• Review of as built plans provided by the City to determine 

system configuration, inverts, pipe sizes and slopes 
• Use of detailed database provided by the City in Arcview 

format 
• Creation of computer hydraulic model using existing sewer 

system to study project area 
• Identification of flow monitoring station locations 
• Identification of tributary areas contributing sewage flow to 

meter locations or combinations 
• Installation of flow meters and monitoring of flows at the 

selected locations on continuous basis for two-week period 
• Review of current land use in study area per GIS information 

from the City and determination of existing land use, 
population and vacant land 

• Assessment of ultimate land use and projected population 
• Review and evaluation of metered data from flow monitoring 

stations 
• Development of flow coefficients and representative diurnal 

flow patterns based on typical curves for various land uses 
and observed flows from monitored sub areas which are 
dominated by a specific land use 

• Modeling of sewer system, deficiency identification, and model 
simulation of remedial alternatives using above-mentioned 
information as input data 

• Evaluation of alternatives, optimization, cost comparison 
• Prioritization of recommended improvements, including 

identification of critical pipelines which need immediate 
attention 

• Draft Report and recommendations including phased 
improvements and costs 

• Review of Draft Report by the City, comments and discussion 
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• Final Report 
 
 

 
2.0 LAND USE 
 
 

2.1 Existing Land Use 
 
Land use is the basis for estimating sewage flow from the majority 
of the study area.  The land use pattern for this study was 
developed from the GIS information provided by the City. Figure 
3A shows land use within the study area based on the City’s 
“Land Use” GIS layer.  For the purpose of this study, land uses in 
the study area have been broadly classified into four categories: 
Single Family Residential (SFR), Multi Family Residential (MFR), 
Commercial and Industrial. Table 2-1 summarizes the land use 
areas within the study area that would generate wastewater flow. 

 
 
 

2.2 Future Land Use 
 
The portion of study area on northwest of Victoria Avenue is 
primarily a mature community. The portion of study area on 
southeast side of Victoria Avenue has vacant parcels that are 
designated as “residential semi-rural” and is expected to be 
developed in the future. This area is primarily designated to be 
developed as low density Single Family Residential (SFR). The 
vacant parcels are shown in Figure 3B. It is assumed that the 
majority of vacant lots within the study area would be fully 
developed by year 2020.   

 
Table 2-1 

Land Use that would produce Wastewater Flow within the Study Area 
(Acres) 

 
General Category Existing 

(Year 2005) 
Future 
(Year 
2020) 

Change 

Single-Family Residential 
(SFR) 

4,500 6,230 1,730 (38 %)

Multi-Family Residential 
(MFR) 

76 78 2 (2.6 %)

Commercial / School 1,100 1,210 110 (10 %)
Industrial  190 215 25 (13 %)

    
The areas that are marked as open space or public facilities are not 
included in Table 2-1 because of zero wastewater flow generation.  
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3.0  EXISTING SEWER SYSTEM 

 
 
 

3.1   System Overview 
 

As previously described, the Phoenix Trunk Sewer Study covers 
approximately 11,000 acres, which has been divided into 21 
tributary sub-areas (See Figure 4). Each sub-area can be 
considered as a sewer sub-basin where wastewater flow from it is 
intercepted by a sewer trunk line. The wastewater flow generated 
from a sub-area can be measured at a meter location or can be 
reasonably assessed based on land use plan of that sub-area. 
The location of meters can be seen on Figure 5. The modeled 
gravity conveyance system is approximately 122,000 linear feet 
(23 miles) of gravity sewer system, with pipe sizes varying from 8 
inches to 48 inches in diameter (See Figure 6).  Most of the 
gravity sewer lines within the system are vitrified clay pipe (VCP) 
except for northern Santa Ana Trunk Line which is Reinforced 
Concrete Pipe (RCP).  
 

3.2   Collection System 
 

The Phoenix Study Area can be divided into two distinct sub-
areas. The portion northwest of Victoria Avenue is a developed 
matured community and the area southeast of Victoria Avenue, 
has some vacant parcels that will be developed in the future. The 
wastewater generated from the study area generally flows in a 
northwesterly direction.  
 
A major trunk line runs parallel to the Santa Ana River and it picks 
up wastewater flows from the trunk lines along Phoenix Avenue 
Rubidoux Avenue and Hillside Avenue. It also collects flows from 
the Northside, Spruce and Tequesquite Study Areas. 
  
The details of the sewer system are explained in sub-section 3.3 
System Description. Pipe sizes, lengths, and number of manholes 
have been tabulated for major segments of the modeled trunk 
system (See Appendix “C”). 
       

 
 3.3 System Description  
    

The existing trunk sewer system, which is the subject of this 
evaluation, is shown on Figure 7A thru 8B. The sewer collection 
system was constructed over a period of time (50 plus years) to 
accommodate increasing sewage flow during the development 
within the City.  The GIS data and as-built plans provided by the 
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City were studied to ascertain characteristics of the system.  The 
existing sewer manholes can be seen in Figure 7A and 7B and the 
pipes can be seen on figures 8A and 8B. The pipelines in the 
system are prefixed with letter “P” (for pipe) and the manholes are 
prefixed with letter “M” (for manhole) to match the Hydraulic 
Model. The description of sewer segments begins at the most 
upstream manhole and ends at the most downstream manhole. 
The sewer system is briefly described as follows: 
 

• Santa Ana River Sewer Line: The sewer line along the 
Santa Ana River picks up wastewater flows from the 
Tequesquite, Northside and Spruce Sewer Basins.  
Tequesquite flows are collected at manhole M428 and 
Northside and Spruce flows are collected at manholes 
M428 and M430. The sewer line between manholes M428 
and M426 is 27-inch in diameter. The sewer line between 
M429 and M426 is 18-inch and between M430 and M426, 
36-inch. At manhole M426, which is the upstream manhole 
of a 3-barrel siphon, wastewater flows from all upstream 
sewer basins converge. The diameters of barrels in the 
siphon are 24-inch, 21-inch and 18-inch. These three 
pipelines converge at manhole M424 and transition into 
two parallel lines; a 24-inch diameter line and the other a 
33-inch diameter line. The 24-inch diameter line begins at 
manhole M424 and runs southwesterly along the Santa 
Ana River until it reaches manhole M055. The 33-inch 
diameter line also runs southwesterly along the Santa Ana 
River and ends at manhole M088. A 36-inch diameter line 
extends from manhole M088 to manhole M087. At this 
junction, a 15-inch diameter connector joins manhole M087 
to manhole M094. At that junction, the line transitions into 
parallel 39-inch and 24-inch lines. The 24-inch line extends 
from manhole M055 to manhole M053. At that point, it 
crosses the Jurupa Avenue pipeline and continues as a 
24-inch line from M053 to M052. From M052, the line 
continues as a 24-inch diameter line until it reaches to 
manhole M001.  The 39-inch diameter line begins at 
manhole M087 and continues to manhole M080. At this 
junction, the 39-inch line becomes a 45-inch diameter line. 
This line continues until it terminates at manhole M002 and 
joins the parallel 24-inch line. This pipeline segment begins 
near Tequesquite Arroyo Park and crosses the Union 
Pacific Railroad. This pipeline ends at the Regional Water 
Quality Control Plant. 

 
• Overlook Parkway Sewer Line: The study sewer line along 

Overlook Parkway begins at manhole M292, located at the 
intersection of Alton Way and Overlook Parkway. It is a 
single-segment 12-inch diameter line that flows in the 
westerly direction from manhole M292 to M291. The sewer 
line collects wastewater flow from the residential areas 
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located on both sides of Overlook Parkway. It joins the 
trunk sewer line along Washington Street at manhole 
M291.  

 
• Victoria Avenue Sewer Line: The 15-inch gravity sewer line 

along Victoria Avenue begins at manhole M281 located at 
the intersection of Stonegate Drive and Victoria Avenue. It 
flows in the westerly direction and joins the Washington 
Street Pipeline at manhole M271. Washington Elementary 
School is located on Victoria Avenue and Washington Park 
is on the intersection of Mary Street and Victoria Avenue. It 
picks up wastewater flow from the residential 
developments east of Hwy 91 and along Victoria Avenue.  

 
 
• Washington Street Sewer Line: The study sewer line along 

Washington Street begins at manhole M307 at the 
intersection of Highridge Street. This sewer line consists of 
three different pipe segments: 12-inch, 15-inch and an 18-
inch diameter. The 15-inch sewer line collects wastewater 
flows from the residential development and flows in the 
northerly direction along Washington Street. The sewer 
line between manholes M307 and M302 is 15-inch, and it 
transitions into a 12-inch between manholes M302 and 
M288. There, it crosses the Overlook Parkway Sewer Line 
as well as the Gage Canal. The sewer line between M288 
and M271 is 15-inch.The sewer line between manholes 
M271 and M267 is 18-inch. At manhole M267 it joins 
Lincoln Avenue trunk sewer line.  

 
• Lincoln Avenue Sewer Line: The trunk sewer line along 

Lincoln Avenue begins at manhole M267 located at the 
intersection of Washington Street and Lincoln Avenue. 
This trunk line picks up flow from the Washington Street 
sewer line at this location. This sewer line consists of two 
different pipe segments: an 18-inch and a 24-inch diameter 
line. The sewer line between manhole M267 and M263 is 
18-inch. There is a short 24-inch diameter segment 
between M263 and M262. It then returns to an 18-inch line 
from M262 to M259 where it terminates at the Madison 
Street sewer line.  

 
• Madison Street Sewer Line: The trunk sewer line along 

Madison Street begins at the intersection of Madison 
Street and Victoria Avenue. At this location, it picks up 
wastewater flow from the Victoria Avenue sewer line. This 
sewer line consists of three different pipe segments (12-
inch, 15-inch and an 18-inch). This pipeline begins as a 
15-inch line at manhole M259 and continues along 
Madison Street in the northerly direction up to manhole 
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M252. At this location a 12-inch pipe segment runs parallel 
to the 15-inch line between manhole M252 and M249.  
From manhole M249, a single 15-inch line continues to 
manhole M238. Finally, an 18-inch diameter sewer line 
continues in the northerly direction to manhole M228, 
where it joins the trunk sewer line along Arlington Avenue.  

 
• Jefferson Street Sewer Line: The sewer line begins at 

manhole M413, located at the intersection of Jefferson 
Street and Willow Avenue. This 12-inch sewer line 
continues in the northwesterly direction as one size until it 
reaches manhole M213. At this location, it joins the trunk 
sewer line along Arlington Avenue. Don Jones Park, 
adjacent to Sycamore Avenue, and Jefferson Elementary 
School, are situated on Jefferson Street. There is also a 
fire station on Streeter Avenue and Arlington Avenue.  

 
• Arlington Avenue Sewer Line: The sewer line along 

Arlington Avenue begins at the intersection of Arlington 
Avenue and McMahon Street. This line consists of various 
pipe segments ranging from 8-inch to 21-inch in diameter. 
The first segment begins at manhole M367 as a 12-inch 
sewer line and continues to manhole M365. The second 
pipeline begins at manhole M359 as a 12-inch line and 
traverses parallel to the first line. At manhole M365, the 
pipe size changes to 18-inch and continues to manhole 
M356. From there, it transitions into a 10-inch diameter line 
until it reaches manhole M340. The parallel line consists of 
two 8-inch segments from M358 to M355. An 18-inch 
connector joins these two parallel lines between manholes 
M356 to M355. The sewer line continues as a 15-inch line 
from manhole M355 to manhole M315 where it becomes 
12-inch until it reaches the end of the parallel segment at 
manhole M228. At the intersection of Arlington Avenue and 
the Hwy 91, a 12-inch pipe segment continues in the 
westerly direction to manhole M358. At this location, it 
transitions to 8-inch and continues to manhole M355 
where it becomes a 15-inch line running westerly to 
manhole M315. At this location there is a small 12-inch 
diameter segment. Beyond M315 it continues to manhole 
M226 as a 15-inch line. At this location the parallel sewer 
lines join. An 18-inch line connects the parallel lines from 
manhole M356 to manhole M355. Beyond manhole M226 
is a single 21-inch line, crossing the Jefferson Street trunk 
sewer line and the Phoenix Avenue trunk sewer line. At 
manhole M219, a 12-inch diameter line runs easterly on 
Arlington Avenue to manhole M212. The sewer line joins 
the Phoenix Avenue trunk sewer line at manhole M212.  

 
The line crosses the Metrolink Railroad near Hwy. 91. The 
California School for the Deaf on Arlington Avenue is one 
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of the major contributors of wastewater flow. This sewer 
line picks up wastewater flow from residential and 
commercial development all along Arlington Avenue.  

    
• Central Avenue Sewer Line: The sewer line on Central 

Avenue is comprised of 12-inch, 15-inch and 24-inch 
segments. It begins at manhole M206 at the intersection of 
Central Avenue and Riverside Avenue as a 12-inch line. It 
continues from manhole M206 in the westerly direction 
until it reaches manhole M183, where it transitions to a 15-
inch diameter sewer line and continues to manhole M135. 
From M135, a 24-inch sewer line continues to manhole 
M123. The line collects wastewater flow generated from 
the residential development on the north and south side of 
Central Avenue. It also picks up wastewater flow from 
Riverside Plaza. This sewer line joins Phoenix Avenue 
trunk sewer line near Riverside Municipal Airport.   
 

• Phoenix Avenue Sewer Line: This sewer is comprised of 
15-inch, 21-inch and 27-inch segments. It begins at 
manhole M212 and continues as a 15-inch line for a short 
length to manhole M211 at the intersection of Phoenix 
Avenue and Arlington Avenue. Between manhole M211 
and M210, the size is 27-inch. The sewer line between 
manhole M210 and M209 is 15-inch. At this junction, the 
single line diverges into two parallel lines running northerly 
on Phoenix Avenue. The first line begins at manhole M210 
and continues as a 27-inch until it reaches manhole M140. 
The second line begins at manhole M209 and continues as 
a 21-inch until it reaches manhole M139. At this location, 
the parallel lines transition into one line running northerly 
on Phoenix Avenue (27-inch sewer line) to manhole M110. 
The pipeline joins the Hillside Avenue trunk sewer line at 
manhole M110. The line collects wastewater flow from the 
commercial and residential area east of the Riverside 
Municipal Airport.  

 
• Hillside Avenue Sewer Line: The initial reach of this sewer 

line is a 24-inch segment that begins at manhole M123 at 
the intersection of Central Avenue and Hillside Avenue. It 
continues north until it reaches manhole M107, where it 
becomes a short 27-inch diameter segment to manhole 
M106. At manhole M106, it continues as a 24-inch 
diameter line until it ends at manhole M081, where it 
crosses the Santa Ana River Pipeline and the Union 
Pacific Railroad. The pipeline joins the Santa Ana River 
trunk sewer line at manhole M081. The sewer line collects 
wastewater flow from the commercial and residential area 
east of the Riverside Municipal Airport.  
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• Rubidoux Avenue Sewer Line: The sewer line along 
Rubidoux Avenue begins at manhole M422 at the 
intersection of Rubidoux Avenue and Brockton Avenue. It 
consists of three sewer segments (10-inch, 12-inch and 
15-inch). The 12-inch sewer line begins at manhole M422 
and continues in a westerly direction to manhole M420. 
There, it transitions into a 15-inch diameter sewer line until 
it reaches manhole M392, where it splits into two 
segments.  These are each 10-inch diameter lines ending 
at manhole M388. The sewer line between M388 and 
M384 is 10-inch in size. Thereafter, it continues as a 12-
inch line to manhole M055, where it joins the Santa Ana 
River Pipeline. It picks up wastewater flow from the 
residential area east of Rubidoux Avenue.  

 
 
• Jurupa Avenue Sewer Line: The sewer line along Jurupa 

Avenue begins at the intersection of Tower Road and 
Jurupa Avenue. It consists of 8-inch, 12-inch and 15-inch 
segments. It begins at manhole M381 as a 12-inch 
diameter line and runs easterly along Jurupa Avenue until 
it reaches manhole M379. There, it transitions to an 8-inch 
diameter sewer line for a small segment of pipe between 
manhole M379 and M407. From manhole M407 to 
manhole M376, the size is 12-inch. At this location, it 
continues in a northerly direction as a 15-inch diameter line 
until it reaches manhole M368.  The line from manhole 
M368 to M053 is 12-inch, where it joins the Santa Ana 
River trunk sewer line. This sewer line picks up wastewater 
flow from the residential areas north and south of Jurupa 
Avenue.  

 
• Freemont Street Sewer Line: This study area sewer line 

begins at Jurupa Avenue. It consists of three sewer 
segments varying in sizes from 10-inch to 15-inch. A 12-
inch diameter line begins at manhole M101 and continues 
in a northerly direction to manhole M097. From manhole 
M097 to manhole M096, the line is 15-inch diameter. At 
this location, the size changes to 10-inch diameter to 
manhole M076, where it joins the Santa Ana River 
Pipeline. This sewer line picks up wastewater flow from the 
commercial areas east and west of Freemont Street.  

 
 
 
 
 
 

 
     

3.4  Tributary Areas 
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The study area is divided into 21 sub-areas, each area having a 
land use or flow pattern distinctive from the other.  These sub-
areas are tributary to a particular meter location either individually 
or collectively.  Because of their strategic locations, meters 
upstream to a cumulative meter can be subtracted out to reduce 
the cumulative effect.  See Figure 4 for details of tributary sub-
areas and Figure 5 for meter locations. The following is the listing 
of tributary sub-areas and their contribution to a particular meter 
location. 
 
Meter No. 1: All sub-areas are tributary to meter No. 1, located at 

the entrance of the Regional Water Quality Control Plant.  
 
Meter No. 2: Sub-areas 4, 14 (part), 16 (part) 17 and 20 are 

tributary to meter No. 2 located on Hillside Avenue near the 
Mountain View Avenue intersection. 

 
Meter No. 3: Sub-areas 5, 13 (part), 14 (part) 15 and 16 (part) are 

tributary to meter no. 3, located on Arlington Avenue near 
Madison Street intersection. 

 
Meter No. 4: Sub-areas 2 and 3 (part) are tributary to meter 4, 

located on Rubidoux Avenue at the Via Dos Caminos Avenue 
Intersection.  

 
Meter No. 5: Sub-areas 6, 7, 8, 10 and12 are tributary to meter 5, 

located on Madison Street at the intersection of Magnolia 
Avenue.  

 
Within each sub-area there is generally a distinct mixture of land 
use, that generates a unique quantity and diurnal pattern of 
wastewater flows. For identification of land use patterns, data 
provided by the City of Riverside in GIS Arcview format was used. 
The following table summarizes land uses within the particular 
sub-areas.   
 
Table 3-1 summarizes the sub-areas and land uses within the 
sub-areas that are currently contributing to the existing sewer 
system. 
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Table 3-1 

 
Developed Tributary Areas and Current Wastewater Generating Land Use 

 
 

Sub Area 
 

SFR 
(Acres) 

MFR 
(Acres) 

Commercial 
(Acres) 

Industrial 
(Acres) 

School 
(Acres) 

Total 
(Acres) 

1 2 0 0 0 0 2 
2 361 9 39 0 8 417 
3 142 0 0 0 0 142 
4 118 0 30 0 6 154 
5 509 0 24 0 78 611 
6 36 0 0 0 0 36 
7 5 0 0 0 0 5 
8 1,126 0 0 0 0 1,126 

10 577 0 160 0 0 737 
11 104 7 52 0 54 217 
12 434 9 112 0 90 645 
13 21 0 89 0 0 110 
14 61 7 76 0 10 154 
15 159 6 25 0 19 209 
16 363 22 62 0 12 459 
17 117 7 12 0 0 136 
18 55 3 15 0 0 73 
19 103 7 4 0 12 126 
20 203 0 13 0 0 216 
21 2 0 97 55 0 154 

 
SFR – Single Family Residential 
MFR – Multi Family Residential 
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4.0  DETERMINATION OF SEWER FLOWS 
 
 
 
4.1 Flow Monitoring 
 

Flow Monitoring was conducted at five (5) sites in order to 
accomplish the following: (See Figure 5 for locations of Flow 
Monitoring Stations).  

 
• Establish current flow levels. 
• Verify or adjust flow coefficients. 
• Establish characteristic flow patterns (Diurnal Curves) for the 

model (See Figures 14-18). 
• Confirm peak to average flow relationships. 
• Help prioritize recommended improvements. 

 
 

Meter locations were chosen to observe actual flow 
characteristics for the various sub-areas and to provide a 
continuous record of measured flows over a period of time (three 
weeks for this study).  Meter locations were also chosen in such 
a manner that current flow quantities at the RWQCP could be 
quantitatively determined.  The City measures inflow from Santa 
Ana Trunk Sewer Line at RWQCP at one minute intervals. The 
flow records received from the City were used for flow 
comparison and determination of diurnal pattern at meter location 
No. 1. The following is an amplification of the logic for placement 
of each flow meter. 
 
• Meter No. 1; location is at the entrance of the RWQCP where 

the 45-inch and 24-inch lines join  – This location was chosen 
because it carries all the flow generated from all the 
residential, industrial and commercial areas in the Phoenix 
Sewer System and all upstream sewer basins (Tequesquite, 
Spruce and Northside). The flow pattern at this location 
reflects a diurnal pattern for mixed land use. 

 
• Meter No. 2; location on Hillside Avenue near Mountain View 

Avenue – This location was chosen to observe flow 
generated from the mixed use along the west side of the 
study area. This meter intercepts flow generated from a 
matured residential / commercial area. The flow pattern at this 
location reflects a diurnal pattern for mixed land use. This 
meter also records majority of cumulative flows from meters 3 
and 5. 

 
• Meter No. 3; location on Arlington Avenue west of Madison 

Street  – This location was chosen to measure the flow from 
residential and commercial areas on both sides of Route 91. 
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The flow pattern at this location reflects a mixed diurnal 
pattern for mixed residential-commercial land use. Meter 3 
also picks up flows from meter 5. 

 
• Meter No. 4; location on Rubidoux Avenue near the 

intersection of Via Los Caminos Avenue – Measures 
wastewater flow from the northerly end of study area mostly 
west of Magnolia Avenue. This area consists of primarily 
residential land use.  

 
• Meter No. 5; location on Madison Street south of Arlington 

Avenue – This location was chosen to measure the flow from 
residential areas along Madison Street, Lincoln Avenue, 
Victoria Avenue and Washington Street. The residential land 
use in this portion of study ranges from low density to 
medium-high density. The diurnal flow pattern can be used to 
estimate and calibrate future flow patterns. 

 
 

 
4.2 Results of Flow Monitoring 

 
  Measurement of sewer flows is an imprecise science, as the in-

line equipment is placed in a harsh environment and is subject to 
solids interference, calibration, turbulence and other problems, 
which can impede the accuracy.  Installed equipment must be 
frequently inspected and maintained, and monitoring results 
interpreted, evaluated for reasonableness, and sometimes 
adjusted.  In this particular application, metered flow information 
was generally good.  However, some flows at specific meter 
locations did not display consistent values.  Graphical results at 
each site were carefully reviewed for consistency and 
reasonableness, using the following general guidelines.   

 
 

• Where the magnitude or daily pattern varies significantly from 
one non-holiday weekday to the next, the data is likely to be 
flawed. 

• Where the base (low) flows are rising during the flow monitoring 
period, the data is suspect. 

• Where the algebraic sum of flows from meters in series are 
significantly out of sync, the data from one or more meters may 
be faulty. 

• Where minimum (nighttime) flows are abnormally high or 
algebraically inconsistent, the data is suspect. 

• Where the measured depth data and velocity data are 
inconsistent, the data is suspect. 

  
Metered flows displaying one or more of the above flaws were 
purged or adjusted based on reasonable assumptions. 
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  At each meter location, the flow-monitoring device measures 

depth of flow and velocity.  Upon reviewing the report submitted 
by Downstream Services, and from discussions with their staff, it 
was determined the data (depth or velocity) that is more 
consistent should be used for determination of flow.  By using 
depth of flow readings and inputting pipe characteristics from 
record drawings (slope, size and roughness “n” values), sewage 
flow can be calculated using Manning’s equation.  The raw flow 
data have been included in Appendix “A”. 

 
  The flow data at each meter site, adjusted based on the depth 

measurement, are shown in Figures 9 through 13. The following 
relevant observations were made from evaluation of the measured 
flows: 

 
• Flows measured at meter location 5 shows a low amount 

of flow although it covers a larger portion of study area. 
This may be attributed to the fact that most of the areas 
contributing to meter 5 are low density residential areas (2-
3 dwelling units per acre). 

 
• Flows measured at meter location 4 were not consistent for 

the period October 1 to October 9. Flow hydrographs for 
October 10 to October 20 were used for analysis.  

 
• At meter location 2, the flows measured during week days 

are slightly higher than weekends. The land uses 
contributing to this meter include residential, commercial 
and institutional establishments. The closures of many 
commercial and institutional establishments could explain 
the lower measured flows during weekends 
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5.0 ESTIMATED ULTIMATE FLOW 
 
 
 
5.1 Methodology 

 
Future wastewater flows in the study area are estimated by 
applying unit (per acre or per capita) flow factors to the projected 
“ultimate” land use acreage or population in each sub area.  As 
discussed in Section 2, ultimate land uses within the study area 
are estimated based on the City’s current General Plan (which 
governs future development/redevelopment) and input from City 
staff. The major contributor to the projected increase in 
wastewater flow in the future is development of low density 
residential areas southeast of Victoria Avenue.  For purposes of 
this study, it is assumed that these areas will be developed by the 
year 2020.  
 
 

5.2 Flow Coefficients 
  
A review of commonly used flow coefficients (or unit factors) was 
performed to arrive at preliminary criteria, which is an appropriate 
starting point for the study area. 
 
Flow coefficients are commonly expressed in terms of cubic feet 
per second (cfs) of average dry weather flow (ADWF) per acre of 
a specific land use type.  For population based estimates, flows 
are expressed in gallons per capita per day (gpcd).  Peak flow 
generation rates can be estimated by applying peaking factors to 
the average flow, with factors often based on observed peak-to-
average ratios from previous studies. However peaking factors 
and diurnal flow patterns vary greatly from one setting to another. 
Peaks for various uses differ not only in magnitude, but also in 
time of the day. The diurnal patterns are thus a composite picture 
of inflows that are not simultaneous, but rather staggered 
throughout the day.  Also, peaks are attenuated by lag times and 
in-pipe storage as the flows move downstream.  Notwithstanding 
the above, diurnal peaking factors are also estimated for each 
land use type to estimate peak generation rates. 
 
For preliminary estimation of wastewater flow, the document 
“Criteria for Sewer Facility Design, Public Works Department, City 
of Riverside” was used. (See Appendix “B”). The document states 
the following general guidelines for estimation of wastewater 
flows.  
 
Flows from Residential Developments: 
 
• Land use shown in the City’s General Plan. 
• No. of dwelling units per acre within a certain land use. 
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• Persons per living unit determined from the latest census data 
for the study area. However, it should not be less than an 
average of 2.75 persons per living unit. 

• Average wastewater flow based on 65 gallons per capita per 
day. 

• Peak to average flows to be determined from the graphs. 
 

Flows from non-residential developments: 
 
• Industrial Developments – Peak flow; 0.012 cfs per acre. 
• Commercial Developments – Peak flow 0.01 cfs per acre. 
• Offices – 30 gallons per capita (employee on site) per day 

peak flow. 
• Schools – 0.01 cfs/acre peak flow. 
• Laundromat – 580 gallons per machine per day peak flow. 

  
 
 5.3 Representative Diurnal Hydrographs 

 
The study area is comprised of a variety of unique land uses. For 
the purpose of defining characteristic diurnal patterns, flow from 
each sub-basin was analyzed and percentage of flow contribution 
from each land use type was estimated. Although only a few of the 
tributary sub areas flowing to the meter locations are comprised of 
a single land use category, several are dominated by one or two 
categories, and are thus selected as being representative of the 
diurnal flow patterns for those land uses. The diurnal patterns 
were established at each meter location, and the model was 
calibrated for mixed land use patterns. The following diurnal 
patterns were used for the modeled peak flow evaluation. 

 
 

• Flow at meter location 1:   Mixed Land Use Pattern 
(Residential, Commercial and Industrial). The diurnal 
pattern was derived from the flow data at meter location 1. 

 
• Flow at meter location 2:  Mixed Land Use (Residential and 

Commercial) 
 

• Flow at meter location 3:  Mixed Land Use (Residential and 
Commercial) 

 
• Flow at meter location 4: Single Family Residential 

 
• Flow at meter location 5: Mixed with residential 

predominance 
 

These representative diurnal hydrographs are shown in Figures 
14-18.  The flow patterns are used in the model to estimate the 
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percentage of Average Dry Weather Flow (ADWF) contributed at 
specific times throughout the day. 
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6.0 COMPUTER MODEL SIMULATION ANALYSIS 
 
 
 
 6.1 Methodology 
  

Capacity analysis involved the evaluation of the available capacity 
in the existing collection system under present and future 
development conditions.  Based on results of the analysis, phased 
facility improvements were identified to allow for projected growth 
within the service area. 
 
This section describes the analytical methodology and hydraulic 
model development and summarizes the results of the analyses. 

 
The principal tool utilized in the capacity analysis was a hydraulic 
model that simulates flow conditions using inflows and sewer 
system characteristic input data.  With this input information, the 
model is able to compute and output depth of flow, rate of flow, 
and velocity of flow in selected pipes and manholes during 
different times of the day.  The model selected for use in this study 
is XP-SWMM (XP Software, Version 9.12). This modeling software 
belongs to a class of software referred to as “dynamic wave 
models”.  These types of models are able to provide an accurate 
simulation of hydraulic flow conditions over an extended period of 
time. 
 
Data required to create the model include information describing 
the physical wastewater collection system, such as pipe diameters 
and reach lengths, manhole invert elevations, and estimated pipe 
roughness coefficients.  Additionally, data describing the sewage 
loading at selected manholes expressed as a varying flow rate 
over time (i.e. a diurnal curve), must be provided.  Model output 
consists of a variety of hydraulic parameters, most importantly 
peak flow velocity and discharge rates. 
 
Calibration of the model consisted of simulating existing sewer 
flow conditions and comparing the modeled flows with the 
recorded flows at the meter locations.  The assumed diurnal 
curves that serve as input to the model were iteratively adjusted 
until the recorded and modeled hydrographs show reasonable 
agreement. 

 
Simulations of future sewage flow conditions were performed by 
developing input data sets that included sewage generation 
projections for the assumed ultimate development conditions.  
Pipe reaches in which simulated peak flows exceeded a specified 
trigger criteria were identified as potential improvement reaches.  
Improvements required to provide adequate capacity for projected 
flows were then determined through an iterative modeling 
process.  The process consists of simulating flow conditions after 
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increasing the diameter of downstream portions of the identified 
reaches.  In subsequent iterations, additional lengths of pipe were 
increased in diameter until the projected peak flow could be 
conveyed through the reach without exceeding the specified 
design flow criteria. 

 
 
 6.2 Limitations of Modeling 
 

The hydraulic model, which was utilized as the primary planning 
tool for the sewer capacity analysis, provides an accurate 
simulation of actual flow conditions within a sanitary sewer system 
in response to existing and future sewage loading.  The accuracy 
of the simulation, however, is directly related to the accuracy of 
the model input data, including physical parameters and sewage 
loading projections. For example, in a case where roots had 
entered the pipeline, thereby causing a restriction of flow, the 
model would be unable to predict the reduction in flow through this 
obstruction.  Consequently, a general understanding of the data 
sources is critical in interpreting the modeling results. 
 
The physical parameters of the model, including the pipe 
diameter, slope, and roughness coefficients were based 
principally on City’s GIS database information.  Where this data 
appeared to be inaccurate, construction drawings were reviewed 
and the input data corrected. 
 
Network connectivity refers to the flow path followed by sewage 
within the sewer system.  The connectivity is a function of the 
relative slope of each sewer pipe and the relative invert elevations 
of the incoming and outgoing sewer pipes at manholes. For 
example, a manhole may have two or more sewer pipes, which 
could convey flow away from the manhole.  If the invert (bottom) 
of one of these pipes is lower than the other, the downstream flow 
path at this manhole would follow the lower pipe. 
 
Sewage loading projections were based on calibrated flow rates.  
As previously described, flow rates used for calibration were 
based on actual monitored flows at key points in the trunk system 
over a 2-week period in October 2005.  This period included the 
two weekends. 
 
Since a degree of uncertainty exists in both the physical data and 
the sewage loading projections used as model inputs, reaches 
identified by model simulations as near or at capacity should be 
subject to additional engineering evaluation prior to implementing 
improvements.  Such evaluation may include field inspection, 
video monitoring and flow metering. 
 
The results of model runs for existing and ultimate conditions are 
summarized in Table 7-1.  
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7.0 DEFICIENCIES AND SOLUTIONS 
 

 
 7.1  Deficient and Marginally Deficient Pipes 

 
The City’s design criterion for sewer lines allows pipes to flow at a 
ratio of 75% of “full” hydraulic capacity.  Assuming that “full” 
capacity is the maximum hydraulic capacity of a pipe flowing 
under gravity (non-pressure) conditions, Manning’s equation 
shows that maximum flow occurs when a pipe reaches a flow 
depth ratio of about 95% depth/diameter (d/D). For the purpose of 
this study, pipes flowing at greater than 90% capacity are 
considered “deficient”, and pipes flowing at greater than 75% and 
less than 90% are considered “marginally deficient”. 

 
Pipe reaches which fail the “75% full” criterion for both existing 
and future flow conditions are shown in Table 7-2 and Figures 
19A, 19B, 21A and 21B.  It is seen that portions of the modeled 
trunk system are already flowing at greater than “75% full”, and 
several reaches are computed to be over 100% full (surcharge 
conditions) in existing and future conditions.  At ultimate 
conditions, numerous additional reaches are shown to surcharge 
or exceed the “75% full” criteria. 
 
Pipe reaches that have flow velocity less than 2 feet per second 
and more than 10 feet per second under existing flow conditions 
are shown in Figures 20A and 20B. 

 
 

7.2  Project Prioritization Methodology 
    

The 75% full criterion is useful for analyzing deficient pipes and as 
a basis for sizing new facilities.  However, the criterion is not 
necessarily the trigger point for replacement or augmentation of 
an existing sewer line. In most cases, a sewer entity would not 
implement a relief project until capacity problems are actually 
observed or known to be imminent. 

 
A recommended system of project prioritization is the 
categorization of deficient sewer lines based on modeled % full 
results. The “A” priority projects are imminently needed and the 
“B” and “C” projects require further consideration for replacement. 
Priority classifications are described as follows: 
 
Priority “A” – The pipes listed within this priority are currently 
flowing more than 90% full under maximum flow conditions. These 
pipes are grouped for replacement/rehabilitation in the period 
(2005-2010); preferably as soon as practically possible. 
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Priority “B” – The pipes listed in this priority are projected to be 
flowing more than 90% full in the future under estimated maximum 
flow conditions. A linear interpolation was done for anticipation of 
the mid-term flow in pipes between year 2005 and ultimate year 
(2020). The pipes that would be flowing more than 90% full in the 
year 2015 are placed under priority “B”. These pipes need 
evaluation as new development takes place in the tributary areas. 
Flow monitoring within the study area should be considered for 
observation of actual flows. The pipes under this priority are 
grouped for replacement/re-habilitation in the period (2011-2015). 
 
Priority “C” – The pipes listed in this priority would be flowing more 
than 75% full in the future under maximum flow conditions. The 
pipes that are not part of priority “A” and “B” and will flow more 
than 75% full by the year 2020 are considered as priority “C”. 
These pipes need evaluation as new development takes place in 
the tributary areas. These may or may not be replaced or 
paralleled depending on actual observed flow conditions in the 
future. Flow monitoring within the study area should be considered 
when significant development occurs. The pipes under this priority 
are grouped for possible replacement/re-habilitation in the period 
(2016-2020). 
 
 

 7.3  Recommended Improvements 
 

Table 7-3 lists project priority, project location, problem, solution 
and approximate cost for problem reaches.  This table identifies 
immediate and future problems in the sewer lines and suggested 
solutions. The project cost is based on year 2005 indices.  
 
Note that the first order of priority is field observation of all pipes 
where modeled results indicate surcharging conditions, to verify 
that flows are indeed exceeding pipe capacity. 

 
 
 

7.4  Grouping of Projects 
 

Proposed improvements under different priorities have been 
combined or grouped into projects to improve deficient and 
marginally deficient pipes based on the following criteria: 
 
      Pipes identified as marginally deficient in the near future 

(Priority “B”),  and marginally deficient in the more distant 
future (Priority “C”) located geographically close to one 
another and requiring improvements, are grouped to reduce 
improvement costs. 
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7.5  Construction Schedule  
 

A summary of proposed construction prioritization and 
recommended scheduling is shown in Table 7-2. This table lists 
construction priorities and the year in which these activities are 
proposed. Also, the pipes included in priorities “B” and “C” will 
need re-evaluation before their replacement. 

 
 

  7.6  Cost Estimate  
 

Unit costs of pipes are based on bid prices for similar projects and 
from the web site www.get-a-quote.net. The cost of construction 
includes labor, materials, excavation, backfill and all other items 
associated with pipe laying. To estimate total cost, cost of 
mobilization / demobilization (7%), traffic control (7%), bond (1%), 
contractor’s profit (15%) and construction contingency (25%) is 
added to the cost of construction. The cost of engineering, right of 
way acquisition, permits, soil conditions remediation and by-pass 
pumping is not included in the construction cost. For priorities “B” 
and “C”, the cost estimate is based on year 2005 prices and no 
escalation has been added to estimate future cost.  Following is 
the summary of cost for the various priorities: 
 
Priority “A”    - $2.59 Million (2005 $’s) (See Figures 22A, 22B and 

Table 7-4 for details) 
  

Priority “B”    - $0.30 Million (2005 $’s) (See Figures 23A, 23B and 
Table 7-5 for details) 

 
Priority “C”   - $19.44 Million (2005 $’s) (See Figures 24A, 24B 

and Table 7-6 for details) 
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Appendix A 
Flow Data at Meter Locations (On CD) 

 

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxD-Phoenix Final 02-26-07.pdf



 

Appendix B 
City of Riverside, Criteria for Sewer Facility Design
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Appendix C 
Study Sewer Lines 
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______________________________________________________________________________________ 

Executive Summary  
 
ES.1 Introduction   
 
 This report presents the results of the Northside Trunk Sewer System 

Capacity Study prepared by PBS&J for the City of Riverside. The report 
contains recommendations regarding system deficiencies as identified by 
hydraulic model XP-SWMM (XP Software, Version 9.1). 

 
 The City of Riverside is located in the County of Riverside at the 

intersection of three major freeways; Route 91, Route 60 and Interstate 
215. The study area encompasses approximately 6,000 acres of mixed 
land use development and is generally bounded by Main Street to the 
North, Santa Ana River to the West, Spruce Street to the South and Pope 
Kirlos Avenue to the East. The study area is a developed community, 
comprised of single family residential, multi family residential, commercial 
and light industrial areas within the City limit with some vacant parcels 
within the County of Riverside that will be developed in the future. The 
portion of study area west of I-215 can be considered a mature 
community, comprised of residential, commercial and light industrial 
development. The portion of study area east of I-215 is primarily a 
Business Park / Light Industrial area. The vacant parcels east of I-215 
and proposed Spring Mountain Ranch and Springbrook Estates 
developments would be major wastewater contributors to the sewer 
system.  

 
ES.2     Existing Sewer System
 
 
 The existing trunk sewer system within the study area is comprised of 

approximately 10 miles of gravity sewer mains. The gravity sewer main 
lines range in sizes from 8-inch to 36-inch in diameter and there are 176 
manholes. These sewer lines are essentially VCP and the manholes are 
typically brick lined. The City of Riverside owns, maintains and operates 
the sewer system. 

 
ES.3     Methodology
 
 For determination of current wastewater flows, flow monitoring was 

performed at three (3) strategic locations. These meter locations were 
chosen to observe actual flow characteristics for various sub areas with a 
distinct land use pattern within the study area. The flow monitoring was 
accomplished over a two-week period. The flow results were carefully 
evaluated for accuracy and some adjustments were made based on 
depth of flow at meter locations. The readings of only one week were 
used for meters 1 and 2. 

 
 A theoretical estimate of wastewater flow from vacant areas was made 

based on factors from the City of Riverside “Criteria for Sewer Facility 
Design”. Residential wastewater flow was determined by using future 
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projected population, whereas commercial and industrial flow was 
determined based on acreage and City estimated flow coefficients.  

 
 The Computer Model Simulation Analysis involved evaluation of available 

capacity in the existing collection system under present and future 
development conditions. The results of the model runs were used to 
identify system deficiencies on a priority basis, and a phased facility 
improvement plan was developed to accommodate the projected growth 
within the study area.  

 
ES.4     Project Priorities and Cost
 
 Deficient and marginally deficient pipes were identified from the results of 

model runs and were prioritized for replacement/rehabilitation purposes.  
The pipes that are currently flowing more than 90% full under modeled 
existing maximum flow conditions and needing near term (2005-2010) 
replacement/rehabilitation are grouped under priority “A”. None of the 
pipes were found to flow more than 90% full under existing flow 
conditions, so there are no pipes under category “A”. The pipes that 
would flow more than 90% full in year 2015 under anticipated maximum 
future flow conditions are classified as priority “B”. The pipelines that are 
not included in priorities “B” and are anticipated to flow more than 75% full 
under future flow conditions are categorized as priority “C”. Some 
adjustment of priorities and combining of improvements was done for 
continuity and efficiency of improvements. 

 
 The time phased improvements for various priorities are listed in  

Table 7-2. The approximate cost of recommended improvements is 
summarized in Tables 7-6-B and 7-6-C.  

 
 Deficiencies predicted under ultimate flow conditions in year 2005 

(Priority “B”) include 6,800 linear feet of inadequate sewer lines. The 
estimated capital cost to remedy these identified deficiencies (in year 
2005 $) is approximately $1,759,000. The total length of pipelines under 
Priority “C” would be approximately 9,800 feet and the cost of Priority “C” 
remedial projects would be approximately $2,788,000. However, it is 
probable that the majority of Priority “C” improvements will not need to be 
actually implemented. Only those where surcharging (within manhole) 
and other problems are deemed imminent should be considered for 
improvement.  Periodic flow monitoring is recommended to verify 
anticipated deficiencies and need for improvements. It is recommended 
that field observations of all pipes should be done where modeled results 
indicate surcharging conditions. The priorities are summarized in the table 
Ex-1: 
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Table Ex-1 
Summary of Priorities  

  
Priority Approximate 

Pipeline 
Length (feet) 

Location Replacement 
Year 

Total Project 
Cost (Year 

2005 $) 
“B” 6,800 Columbia Avenue, La Cadena 

Drive, Marlborough Avenue and 
Palmyrita Avenue 

2011-2015 $1,759,000

“C” 14,000 Columbia Avenue, Fairmount 
Boulevard, Fairmount Trunk, 
Marlborough Avenue and Strong 
Street 

2016-2020 $2,788,000
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1.0 INTRODUCTION 
 
 
 
 
 

1.1 Background 
 

The City of Riverside (City) retained PBS&J to prepare a Trunk 
Sewer System Study for the northern portion of the City. The 
sewer system has been designated as Northside Trunk Sewer 
System. The study is necessitated by the fact that the City desires 
to evaluate the capacity of the existing sewer system and identify 
needed improvements.  
 
 

1.2 Study Area  
 

The City of Riverside is located in the northwest corner of the 
County of Riverside at the intersection of three major freeways; 
Route 91, Route 60 and Route 215.  Founded in 1870, the City is 
known for its citrus industry, world famous Mission Inn and other 
historical monuments.  Figure-1 is a Vicinity Map depicting the 
City’s location and its accessibility.  Figure 2 shows the study 
area.  The study area shown in Figure 2 encompasses 
approximately 6,000 acres and is generally bounded by Main 
Street to the North, Santa Ana River to the West, Spruce Street to 
the South and Pope Kirlos Avenue to the East. The southern 
portion of the study area also includes Fiarmount Park Golf 
Course Area west of Fairmount Boulevard. The areas not falling 
within City’s jurisdiction but likely to contribute to the existing 
sewer system in the future have also been included in this study. 
For purpose of this study, the area has been divided into 26 
tributary sub-areas, where downstream sub-areas intercept 
sewage flow from upstream sub-areas.  To obtain actual observed 
flow information for this study, sewage flow meters were placed at 
three (3) strategic locations to monitor cumulative flows 
contributed from the tributary sub-areas.   
 
The I-215 freeway divides the study area into two distinct parts. 
The study area west of I-215 is considered to be a mature 
community comprised of single family residential, multi-family 
residential, commercial and light industrial development. The 
study area east of I-215 is primarily a Business Park / Light 
Industrial area. The vacant parcels east of I-215 and designated 
as Light Industrial and Industrial Business Park would be the 
major contributors to increases in sewage flow within the study 
area.  Another significant flow contribution would be from the 
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proposed Spring Mountain Ranch and Springbrook Estates 
developments. 
 
 

1.3 Objective 
 

The objective of this Sewer System Capacity Study is to provide a 
comprehensive evaluation of the capacity of the sewer system 
within the study area, identify deficiencies in the current system, 
and evaluate alternatives to enhance the conveyance capacity to 
accommodate ultimate wastewater flows anticipated to be 
generated in the study area. 
 
 
 

1.4 Scope and Study Approach 
 

Specific work tasks undertaken for this study are summarized as 
follows: 
 
• Kickoff Meeting 
 

An initial meeting was held between PBS&J and the City to 
discuss the project scope, communication protocol, 
explanation of methodology and scheduling of flow monitoring. 
Field data and other digital files to be provided by the City 
were also discussed. 
 

 
• Progress Meetings 

 
Informal Project Progress Meetings were held to discuss on- 
going issues and the progress of the study. 
 

• Flow Monitoring and Hydrograph Development 
 

Downstream Services Inc. installed, maintained, and collected 
flow data from three (3) monitoring stations throughout the 
study area. They submitted the collected raw data in 
electronic/hard copy format to PBS&J.  PBS&J then processed 
and reviewed this information and created a hydraulic 
database.  The City provided a copy of City’s General Plan for 
estimation of current and future flows.  Other information 
including as-built plans of wastewater facilities were provided 
by the City as and when requested by PBS&J. 
 

• Model Development 
 

Model development included input data collection, conversion 
of data and calibration.  The City’s GIS staff made available 
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data pertaining to roads, sewers, land use, buildings and other 
utilities in ArcView format on a CD.  As-built plans for study 
sewer lines were reviewed.  Data available from GIS system 
and as-built plans were placed in a database system (MS 
Excel) as a pre-processor for XP-SWMM model development. 
Calibration of model was done after construction of the model 
and additional data input.  

 
• Draft Report 

 
Based on the model simulations and the City’s criteria for 
Sewer Facility Design, a Draft Report was prepared that 
summarized the existing and future capacity situations. Where 
deficiencies were identified, alternatives were developed for 
needed sewer improvements, along with probable costs.  The 
draft report was prepared for review by the City. 
 

• Final Report 
 
Draft Report review comments from the City were incorporated 
into the Final Report along with any additional information or 
research, in order to reflect a final level of study completion.  
The Final Report includes data and information assembled, 
system deficiencies identified, alternatives evaluated, capital 
improvement recommendations to remediate anticipated 
deficiencies, prioritization of improvements, and approximate 
costs.  

 
 

The comprehensive evaluation of the sewage collection system to 
accomplish the above-summarized scope of work features the 
following multi-step approach: 
 
• Review of as built plans provided by the City to determine 

system configuration, inverts, pipe sizes and slopes 
• Use of detailed database provided by the City in Arcview 

format 
• Creation of computer hydraulic model using existing sewer 

system to study project area 
• Identification of flow monitoring station locations 
• Identification of tributary areas contributing sewage flow to 

meter locations or combinations 
• Installation of flow meters and monitoring of flows at the 

selected locations on continuous basis for two-week period 
• Review of current land use in study area per GIS information 

from the City and determination of existing land use, 
population and vacant land 

• Assessment of ultimate land use and projected population 
• Review and evaluation of metered data from flow monitoring 

stations 
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• Development of flow coefficients and representative diurnal 
flow patterns based on typical curves for various land uses 
and observed flows from monitored sub areas which are 
dominated by a specific land use 

• Modeling of sewer system, deficiency identification, and model 
simulation of remedial alternatives using above-mentioned 
information as input data 

• Evaluation of alternatives, optimization, cost comparison 
• Prioritization of recommended improvements, including 

identification of critical pipelines which need immediate 
attention 

• Draft Report and recommendations including phased 
improvements and costs 

• Review of Draft Report by the City, comments and discussion 
• Final Report 
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2.0 LAND USE 
 
 

2.1 Existing Land Use 
 
Land use is the basis for estimating sewage flow from the majority 
of the study area.  The land use pattern for this study was 
developed from the GIS information provided by the City. Figure 
3A shows land use within the study area based on the City’s 
“Land Use” GIS layer.  For the purpose of this study, land uses in 
the study area have been broadly classified into four categories: 
Single Family Residential (SFR), Multi Family Residential (MFR), 
Commercial and Industrial. The areas classified as Industrial 
Business Park are categorized under Industrial land use. Table 2-
1 summarizes the land use areas within the study area that would 
generate wastewater flow. 

 
 
 

2.2 Future Land Use 
 
The study area on west side of I-215 is primarily a mature 
community. The portion of study area on east side of I-215 has 
vacant parcels that would be developed in the future. This area is 
designated to be developed as Single Family Residential (SFR), 
Commercial and Industrial Business Park (IBP) / Light Industrial. 
The vacant parcels are shown in Figure 3B. It is assumed that the 
majority of vacant lots within the study area would be fully 
developed by year 2020.   

 
 
 
 

Table 2-1 
Land Use that would produce Wastewater Flow within the Study Area 

(Acres) 
 
Category Existing 

(Year 2005) 
Future 
(Year 
2020) 

Change 

Single-Family Residential 
(SFR) 

700 2,250 1,550 (220 %)

Multi-Family Residential 
(MFR) 

72 157 85 (118 %)

Commercial  108 213 105 (97 %)
Industrial /IBP 738 1,512 774 (105 %)

    
The areas that are marked as open space public facilities are not included 
in Table 2-1 because of zero wastewater flow generation.  
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3.0  EXISTING SEWER SYSTEM 
 
 
 

3.1 System Overview 
 

As previously described, the Northside Trunk Sewer Study covers 
approximately 6,000 acres, which has been divided into 26 
tributary sub-areas (See Figure 4). Each sub-area can be 
considered as a sewer sub-basin where wastewater flow from it is 
intercepted by a sewer trunk line. The wastewater flow generated 
from a sub-area can be measured at a meter location or can be 
reasonably assessed based on land use plan of that sub-area. 
The location of meters can be seen on Figure-5. The modeled 
gravity conveyance system is approximately 53,000 linear feet (10 
miles) of gravity sewer system, with pipe sizes varying from 8 
inches to 36 inches in diameter (See Figure 6).  Most of the 
gravity sewer lines within the system are vitrified clay pipe (VCP).  
 

3.2 Collection System 
 

The wastewater generated within the study area flows in the 
southerly or westerly direction depending on general topography. 
The major trunk lines are along Palmyrita Avenue, Columbia 
Avenue, Marlborough Avenue, La Cadena Drive, Strong Street, 
Main Street, Rivera Street, Fairgrounds Street, Fairmount 
Boulevard and Rubidoux Mountain Sewer Easement. The trunk 
line in Palmyrita Avenue accepts sewage flow from Industrial 
Areas north of Columbia Avenue. The trunk line in Columbia 
Avenue picks up flow from the area between Palmyrita Avenue 
and Marlborough Avenue. The trunk line in Marlborough Avenue 
picks up wastewater flow from the area north of Spruce Street and 
south of Columbia Avenue. The trunk line in La Cadena Drive 
accepts flows from Palmyrita Avenue, Columbia Avenue and 
Marlborough Avenue sewer lines. The trunk line in Main Street 
conveys wastewater flow from residential and commercial areas 
west of I-215. The trunk line in Strong Street picks up flow from La 
Cadena and Main Street sewer lines. The trunk line in Rivera 
Street collects wastewater flow from the residential area north of 
Hwy 60. This sewage flow is pumped to the Fairmount trunk 
sewer line through a small lift station located at Fairgrounds 
Street. The trunk sewer lines in Fairmount Boulevard pick up flow 
from the Northside Study area as well as Spruce Study Area. Pipe 
sizes, lengths, and number of manholes have been tabulated for 
major segments of the modeled trunk system (See Appendix “C”). 
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 3.3 System Description   
    

The existing trunk sewer system, which is the subject of this 
evaluation, is shown on Figure-6. The sewer collection system 
was constructed over a period of time (50 plus years) to 
accommodate increasing sewage flow during the development 
within the City.  The GIS data and as-built plans provided by the 
City were studied to ascertain characteristics of the system.  The 
existing sewer manholes and sewer lines can be seen in Figure-7 
and Figure-8 respectively. The pipelines in the system are 
prefixed with letter “P” (for pipe) and the manholes are prefixed 
with letter “M” (for manhole) to match the Hydraulic Model. The 
sewer system is briefly described as follows: 
 

• Palmyrita Avenue Sewer Line: The sewer line along 
Palmyrita Avenue begins at manhole M036P, located at 
the intersection of Palmyrita Avenue and Michigan Avenue. 
A 10-inch diameter line picks up flow from industrial 
development along Palmyrita Avenue. The line between 
manholes M036P and M036 is 10-inch and between 
manhole M036 and M025, 12-inch. The line between 
manholes M025 and M024 is 12-inch. It crosses the 
railroad on the west side of Iowa Avenue. At manhole 
M024 the line joins the trunk sewer line along La Cadena 
Drive. 

 
• Columbia Avenue Sewer Line: The sewer line in Columbia 

Avenue begins at manhole M052 located between Iowa 
Avenue and Northgate Street. The flow is in a westerly 
direction. The size of the line between manholes M052 and 
M039 is 10-inch and between manholes M039 and M019, 
8-inch. The line collects wastewater flow from the industrial 
area and office complexes located along Columbia 
Avenue. It crosses the railroad on the east side of Chicago 
Avenue. At manhole M019, it joins the trunk sewer line 
along La Cadena Drive.  

 
 
• Marlborough Avenue Sewer Line: A 12-inch sewer line 

along Marlborough Avenue begins at manhole M105 
located at the intersection of Chicago Avenue and 
Marlborough Avenue. The flow is in a westerly direction. 
The size of the line is 12-inch between manholes M105 
and M104 and 8-inch between manholes M104 and M098. 
The sewer line crosses the railroad west of Chicago 
Avenue. It picks up wastewater flow from the light industrial 
development along Chicago Avenue and single family 
residences along La Cadena Drive.  
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• La Cadena Drive Sewer Line: The sewer line along La 

Cadena Drive begins at manhole M025 located at the 
intersection of Palmyrita Avenue and La Cadena Drive. A 
21-inch line collects wastewater flows from Palmyrita 
Avenue sewer line and the industrial areas north of 
Palmyrita Avenue. The flow is in a southwesterly direction, 
parallel to I-215. The size of the line between manholes 
M025 and M022 is 21-inch and between manholes M022 
and M018, 10-inch. At manhole M019 the line collects flow 
from Columbia Avenue sewer line. In the reach M018 to 
M017A the size of the line is 15-inch and the flow is in a 
westerly direction. The size of the line between manholes 
M017A and M017 is 21-inch. At manhole M017, a 24-inch 
line continues to manhole M015. The size of the line 
between manholes M015 and M014 is 27-inch. The 
wastewater flow from Marlborough sewer line is 
intercepted by this line at manhole M014. A parallel sewer 
line in La Cadena Drive begins at manhole M098 and 
continues in the southwesterly direction. The size of the 
line between manholes M098 and M096 is 8-inch and 
between manholes M096 and M014, 10-inch. The trunk 
sewer line in La Cadena Drive collects all wastewater flows 
from study sub-areas east of Fwy. 215. The sewer line 
joins the trunk line in Strong Street at manhole M014. 

 
 

• Strong Street Sewer Line: The sewer line along Strong 
Street begins at manhole M014, located at the intersection 
of Strong Street and La Cadena Drive. This trunk line picks 
up flow from all study sub-areas located east of Fwy. 215. 
The size of the line between manhole M014 and M011 is 
27-inch and between manholes M011 and M008, 21-inch.  
A 24-inch line continues west of manhole M008 to 
manhole M006. Another line runs parallel to the trunk line 
in the reach between manholes M091 and M089. The size 
of this line is 15-inch. On the west side of Fairmount 
Boulevard there is an 18-inch sewer siphon along Strong 
Street that crosses under the storm drain channel. The 
sewer line along Strong Street joins the trunk sewer line 
along Fairmount Boulevard at manhole M005. 

 
 

• Main Street Sewer Line: The sewer line along Main Street 
has two segments; one on the north of Strong Street and 
the other on the south. The north segment begins at 
manhole M069 located at the intersection of Main Street 
and Garner Road. At this location, an 18-inch sewer line 
continues along Main Street in a southeasterly direction to 
manhole M063 located at the intersection of Main Street 
and Witt Avenue. At this location, the line continues 
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through a sewer easement in a southwesterly direction to 
manhole M055 where it joins the siphon in Strong Street.  

 
The southern segment of Main Street sewer line begins at 
manhole M094 located at the intersection of Main Street 
and Shamrock Avenue. A 12-inch line continues in a 
northwesterly direction along Main Street to manhole M091 
located at the intersection of Main Street and Strong 
Street.  

 
 

• Rivera Street Sewer Line: The sewer line begins at 
manhole M082 located at the intersection of Strong Street 
and Rivera Street. An 8-inch sewer line continues in a 
southerly direction to manhole M080. Then a 12-inch line 
continues to manhole M077 located north of Market Street. 
This line picks up wastewater flow from residential area 
north of Market Street and east of Santa Ana River. It joins 
Fairgrounds Street line at M077. 

 
• Fairgrounds Street Sewer Line: The sewer line along 

Fairgrounds Street begins at manhole M077 located at the 
intersection of Rivera Street and Market Street. A 12-inch 
line continues in an easterly direction to manhole M073. 
Then a 10-inch line continues to manhole M071. The line 
between manholes M070 and M071 is 12-inch. A small lift 
station is located at manhole M070. From this location 
wastewater is lifted to manhole M095 through an 8-inch 
force main line. The flow between manholes M075 and 
M084 is through a 12-inch gravity sewer line. 

    
• Fairmount Boulevard Sewer Line: The sewer line in 

Fairmount Boulevard is comprised of two parallel trunk 
lines and a siphon. A 27-inch sewer line continues in a 
southerly direction from manhole M005 and joins the 
siphon at manhole M004. A parallel 15-inch trunk sewer 
line also continues in a southerly direction and joins the 
siphon at manhole M004. The siphon is comprised of two 
parallel conduits (27-inch and 15-inch). These conduits 
cross under a single barrel box culvert storm drain. At 
manhole M003 the two trunk sewer lines join and continue 
in a southerly direction towards Hwy 60. These two sewer 
lines in Fairmount Boulevard pick up cumulative 
wastewater flow from the study area north of Hwy 60. 

 
 

• Fairmount Trunk (South of Hwy 60 up to Tequesquite 
Avenue) Sewer Line: This sewer consists of two parallel 
trunk sewer lines. A 36-inch sewer line continues in a 
southerly direction from manhole M001 to manhole M182 
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located at Buena Vista Avenue. From this location, a 30-
inch line continues to manhole M183 where parallel sewer 
lines converge. A single 36-inch line continues to manhole 
M185 where the flow splits into two parallel lines 30-inch 
and 15-inch in size. At manhole M190 the larger trunk line 
changes to 33-inch and continues to the end of study area 
at manhole M220. The trunk line picks up the most of 
wastewater flows from Spruce Street Sewer Study area at 
manhole M153. The smaller trunk sewer line is 18-inch 
diameter in its entire reach. It picks up a small portion of 
the flow from Spruce Street Sewer Study Area at manhole 
M145.  
   

 
  

3.4 Tributary Areas 
 

The study area is divided into 26 sub-areas, each area having a 
land use or flow pattern distinctive from the other.  These sub-
areas are tributary to a particular meter location either individually 
or collectively.  Because of their strategic locations, meters 
upstream to a cumulative meter can be subtracted out to reduce 
the cumulative effect.  See Figure 4 for details of tributary sub-
areas and Figure 5 for meter locations. The following is the listing 
of tributary sub-areas and their contribution to a particular meter 
location. 
 
1. Sub-areas 9, 10A, 11, 12, 13, and 14 are tributary to meter No. 

1, located on Strong Street east of Fairmount Boulevard. 
2. Sub-areas 5A1, 5A2 and 5E are tributary to meter No. 2 

located on Strong Street east of Fairmount Boulevard. 
3. Sub-areas 1, 2 and 5D are tributary to meter no. 3 located at 

the sewer easement north of Strong Street. 
  
 
Within each sub-area there is generally a distinct mixture of land 
use that generates a unique quantity and diurnal pattern of 
wastewater flows. For identification of land use patterns, data 
provided by the City of Riverside in GIS Arcview format was used. 
Table 3-1 summarizes the sub-areas and land uses within the 
sub-areas that are currently contributing to the existing sewer 
system. 
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Table 3-1 

 
Developed Tributary Areas and Current Wastewater Generating Land Use 

 
 

Sub Area 
 

SFR 
(Acres) 

MFR 
(Acres) 

Commercial 
(Acres) 

Industrial 
(Acres) 

School 
(Acres) 

Total 
(Acres) 

1 - - 29 17 - 46 
2 80 - 29 35 - 144 
3 78 - - - - 78 
4 1 - - 44 - 45 

5A1 40 - - 16 9 65 
5A2 98 28 10 - - 136 
5D - - - 36 - 36 
5E 12 - - 10 - 22 

6 34 - - - - 34 
7 35 12 2 - - 49 
8 25 - - - - 25 
9 - - - 110 - 110 

10A - - - 139 - 139 
12 - - - 201 - 201 
13 - - - 77 - 77 
14 55 - - 34 - 89 

15A - - 4 - - 4 
15B 15 - 6 - - 21 
15C 124 - 6 - - 130 

 
SFR – Single Family Residential 
MFR – Multi Family Residential 
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4.0  DETERMINATION OF SEWER FLOWS 
 
 
 
4.1 Flow Monitoring 
 

Flow Monitoring was conducted at three (3) sites in order to 
accomplish the following: (See Figure 5 for locations of Flow 
Monitoring Stations). 

 
• Establish current flow levels. 
• Verify or adjust flow coefficients. 
• Establish characteristic flow patterns (Diurnal Curves) for the 

model (See Figures 12-14). 
• Confirm peak to average flow relationships. 
• Help prioritize recommend improvements. 

 
 

Meter locations were chosen to observe actual flow 
characteristics for the various sub-areas and to provide a 
continuous record of measured flows over a period of time (two 
weeks for this study).  Meter locations were also chosen in such 
a manner that current flow quantities along the Fairmount 
Boulevard Trunk Sewer could be quantitatively determined.  The 
following is an amplification of the logic for placement of each 
flow meter. 
 
• Meter No. 1; location on Strong Street east of Fairmount 

Boulevard  – This location was chosen because it carries all 
the flow generated from the industrial area east of I-215. The 
flow pattern at this location reflects a diurnal pattern of mixed 
land uses consisting of light industrial, industrial business 
park and residential development. 

 
• Meter No. 2; location on Strong Street east of Fairmount 

Boulevard – This location was chosen to observe flow 
generated from the residential area west of I-215. This meter 
intercepts most of the flow generated from the residential 
development (medium to high density) and the diurnal curve 
can be used for calibration of residential flow. 

 
• Meter No. 3; location in sewer easement north of Strong 

Street – This location was chosen to measure the flow from 
residential areas (low to medium density) that are not 
contributory to flow at meter location 2.  
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4.2 Results of Flow Monitoring 

 
  Measurement of sewage flows is an imprecise science, as the in-

line equipment is placed in a harsh environment and is subject to 
solids interference, turbulence and other problems, which can 
impede the accuracy.  Installed equipments must be frequently 
inspected, calibrated, and maintained, and monitoring results 
interpreted, evaluated for reasonableness, and sometimes 
adjusted.  In this particular application, metered flow information 
was generally good.  However, some flows at specific meter 
locations did not display consistent values.  Graphical results at 
each site were carefully reviewed for consistency and 
reasonableness, using the following general guidelines.   

 
 

• Where the magnitude or daily pattern varies significantly from 
one non-holiday weekday to the next, the data is likely to be 
flawed. 

• Where the base (low) flows are rising during the flow monitoring 
period, the data is suspect. 

• Where the algebraic sum of flows from meters in series are 
significantly out of sync, the data from one or more meters may 
be faulty. 

• Where minimum (nighttime) flows are abnormally high or 
algebraically inconsistent, the data is suspect. 

• Where the measured depth data and velocity data are 
inconsistent, the data is suspect. 

  
Metered flows displaying one or more of the above flaws were 
purged or adjusted based on reasonable assumptions. 

 
  At each meter location the flow-monitoring device measures depth 

of flow and velocity.  Upon reviewing the report submitted by 
Downstream Services, and from discussions with their staff, it was 
determined the data (depth or velocity) that is more consistent 
should be used for determination of flow.  By using depth of flow 
readings and inputting pipe characteristics from record drawings 
(slope, size and roughness “n” values), sewage flow can be 
calculated using Manning’s equation.  The raw flow data have 
been included in Appendix “A”. 

 
  The flow data at each meter site, adjusted based on the depth 

measurement, are shown in Figures 9 through 11. The following 
relevant observations were made from evaluation of the measured 
flows: 

 
• Flows from the study area east of I-215 are atypical 

because of the majority of study area being light industrial / 
commercial. These areas produce less flow than estimated 
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from the land use pattern because some of the parcels are 
being used for storage purposes only.  

 
• Weekend hydrographs show generally lower flows and 

smaller peaks than weekday patterns, for the commercial / 
industrial area, usually due to closure of offices during the 
weekends. 

 
• At meter location 1, the velocity and depth of flow readings 

are consistent for the period October 5-9, 2004. The flow 
during this monitoring period has been used for estimation 
of the maximum flow and calibration of the model.  

 
• Flow measured at meter location 2 is higher than the 

anticipated theoretical flow from the land use. This is most 
likely attributable to a higher than anticipated resident 
population or “overcrowding” in this particular area. The 
diurnal flow patterns derived from meter no. 2 reveal a 
consistent high flow during night - time hours.  This can be 
explained by the general nocturnal habits of people living 
in high-density residential areas. The people living in these 
areas usually work in multiple shifts and use the 
wastewater facilities in inconsistent ways. The flow pattern 
is similar to Kansas Street area of Spruce Street Sewer 
Capacity Study. The flow for the period September 30 – 
October10, 2004 shows a relatively consistent flow pattern 
which has been used for estimation of maximum flow and 
calibration of the model. 
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5.0 ESTIMATED ULTIMATE FLOW 
 
 
 
5.1 Methodology 

 
Future wastewater flows in the study area are estimated by 
applying unit (per acre or per capita) flow factors to the projected 
“ultimate” land use acreage or population in each sub area.  As 
discussed in Section 2, ultimate land uses within the study area 
are estimated based on the City’s current General Plan (which 
governs future development/redevelopment) and input from City 
staff. The major contributor to the projected wastewater flow in the 
future would be undeveloped industrial business park area in the 
eastern portion of I-215, proposed Spring Mountain Ranch (SMR) 
residential development and Springbrooks Estates Development.  
For purposes of this study it has been assumed that these areas 
will be developed by the year 2020.  
 
 

5.2 Flow Coefficients 
  
A review of commonly used flow coefficients (or unit factors) was 
performed to arrive at preliminary criteria, which is an appropriate 
starting point for the study. 
 
Flow coefficients are commonly expressed in terms of cubic feet 
per second (cfs) of average dry weather flow (ADWF) per acre of 
a specific land use type.  For population based estimates, flows 
are expressed in gallons per capita per day (gpcd).  Peak flow 
generation rates can be estimated by applying peaking factors to 
the average flow, with factors often based on observed peak-to-
average ratios from previous studies. However peaking factors 
and diurnal flow patterns vary greatly from one setting to another. 
Peaks for various uses differ not only in magnitude, but also in 
time of the day.  The diurnal patterns are thus a composite picture 
of inflows that are not simultaneous, but rather staggered 
throughout the day.  Also, peaks are attenuated by lag times and 
in-pipe storage as the flows move downstream.  Notwithstanding 
the above, diurnal peaking factors are also estimated for each 
land use type to estimate peak generation rates. 
 
For preliminary estimation of wastewater flow, the document 
“Criteria for Sewer Facility Design, Public Works Department, City 
of Riverside” was used. (See Appendix “B”). The document states 
the following general guideline for estimation of wastewater flows:  
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Flows from Residential Developments: 
 
• Land use shown in the City’s General Plan. 
• No. of dwelling units per acre within a certain land use. 
• Persons per living unit determined from the latest census data 

for the study area. However, it should not be less than an 
average of 2.75 persons per living unit. 

• Average wastewater flow based on 65 gallons per capita per 
day. 

• Peak to average flows to be determined from the graphs. 
 

Flows from non-residential developments: 
 
• Industrial Developments – Peak flow; 0.012 cfs per acre. 
• Commercial Developments – Peak flow 0.01 cfs per acre. 
• Offices – 30 gallons per capita (employee on site) per day 

peak flow. 
• Schools – 30 gallons per capita per day. 
• Laundromat – 580 gallons per machine per day peak flow. 

  
 
 5.3 Representative Diurnal Hydrographs 

 
The study area is comprised of a variety of unique land uses. For 
the purpose of defining characteristic diurnal patterns, flow from 
each sub-basin was analyzed and percentage of flow contribution 
from each land use type was estimated. Although only a few of the 
tributary sub areas flowing to the meter locations are comprised of 
a single land use category, several are dominated by one or two 
categories, and are thus selected as being representative of the 
diurnal flow patterns for those land uses. The diurnal patterns 
were established at each meter location and the model was 
calibrated for mixed land use. In addition flow from Spruce Street 
Sewer Capacity Study (June, 2002) was used to determine flow 
pattern at manhole M153. The following diurnal patterns were 
used for the modeled peak flow evaluation. 

 
 

• Flow at meter location 1:   Mixed Land Use Pattern 
(Residential, Commercial and Light Industrial) 

 
• Flow at meter location 2:  Mixed Residential (SFR and 

MFR) 
 

• Flow at meter location 3:  Residential  
 

These representative diurnal hydrographs are shown in Figures 
12-14.  The flow patterns are used in the model to estimate, for 
each land use type, the percentage of Average Dry Weather Flow 
(ADWF) contributed at specific times throughout the day. 
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6.0 COMPUTER MODEL SIMULATION ANALYSIS 
 
 
 
 6.1 Methodology 
  

Capacity analysis involved the evaluation of the available capacity 
in the existing collection system under present and future 
development conditions.  Based on results of the analysis, phased 
facility improvements were identified to allow for projected growth 
within the service area. 
 
This section describes the analytical methodology and hydraulic 
model development and summarizes the results of the analyses. 

 
The principal tool utilized in the capacity analysis was a hydraulic 
model that simulates flow conditions using demand and piping 
characteristic input data.  With this input information, the model is 
able to compute and output depth of flow, rate of flow, and velocity 
of flow, in selected pipes and manholes during different times of 
the day.  The model selected for use in this study is XP-SWMM 
(XP Software, Version 9.12). This modeling software belongs to a 
class of software referred to as “dynamic wave models”.  These 
types of models provide an accurate simulation of hydraulic flow 
conditions over an extended period of time. 
 
Data required to create the model include information describing 
the physical wastewater collection system, such as pipe diameters 
and reach lengths, manhole invert elevations, and estimated pipe 
roughness coefficients.  Additionally, data describing the sewage 
loading at selected manholes expressed as a varying flow rate 
over time (i.e. a diurnal curve), must be provided.  Model output 
consists of a variety of hydraulic parameters, most importantly 
peak flow velocity and discharge rates. 
 
Calibration of the model consisted of simulating existing sewer 
flow conditions and comparing the modeled flows with the 
recorded flows at the meter locations.  The assumed diurnal 
curves that serve as input to the model were iteratively adjusted 
until the simulated and recorded sewage flow hydrographs 
achieved reasonable agreement.      

 
Simulations of future sewage flow conditions were performed by 
developing input data sets that included sewage generation 
projections for the assumed ultimate development conditions.  
Pipe reaches in which simulated peak flows exceeded a specified 
trigger criteria, were identified as potential improvement reaches.  
Improvements required to provide adequate capacity for projected 
flows were then determined through an iterative modeling 
process.  The process consists of simulating flow conditions after 
increasing the diameter of downstream portions of the identified 
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reaches.  In subsequent iterations, additional lengths of pipe were 
increased in diameter until the projected peak flow could be 
conveyed through the reach without exceeding the specified 
design flow criteria. 

 
 
 6.2 Limitations of Modeling 
 

The hydraulic model, which was utilized as the primary planning 
tool for the sewer capacity analysis, provides an accurate 
simulation of actual flow conditions within a sanitary sewer system 
in response to existing and future sewage loading.  The accuracy 
of the simulation, however, is directly related to the accuracy of 
the model input data, including physical parameters and sewage 
loading projections. For example, in a case where roots had 
entered the pipeline, thereby causing a restriction of flow, the 
model would be unable to predict the reduction in flow through this 
obstruction.  Consequently, a general understanding of the data 
sources is critical in interpreting the modeling results. 
 
The physical parameters of the model, including the pipe 
diameter, slope, and roughness coefficients were based 
principally on City’s GIS database information.  Where this data 
appeared to be inaccurate, construction drawings were reviewed 
and the input data corrected. 
 
Network connectivity refers to the flow path followed by sewage 
within the sewer system.  The connectivity is a function of the 
relative slope of each sewer pipe and the relative invert elevations 
of the incoming and outgoing sewer pipes at manholes.  For 
example, a manhole may have two or more sewer pipes, which 
could convey flow away from the manhole.  If the invert (bottom) 
of one of these pipes is lower than the other, the downstream flow 
path at this manhole would follow the lower pipe. 
 
Sewage loading projections were based on calibrated flow rates.  
As previously described, flow rates used for calibration were 
based on actual monitored flows at key points in the trunk system 
over a 2-week period in October 2004.  This period included the 
two weekends. 
 
Since a degree of uncertainty exists in both the physical data and 
the sewage loading projections used as model inputs, reaches 
identified by model simulations as near or at capacity should be 
subject to additional engineering evaluation prior to implementing 
improvements.  Such evaluation may include field inspection, 
video monitoring and flow metering. 
 
The results of model runs for existing and ultimate conditions are 
summarized in Table 7-1. 
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7.0 DEFICIENCIES AND SOLUTIONS 
 

 
7.1 Deficient and Marginally Deficient Pipes 
 

The Computer model simulations of the City’s wastewater system 
have evaluated pipe reaches in terms of both volume and velocity 
criteria. 

 
The City’s design criterion for sewer lines allows pipes to flow at a 
ratio of 75% of “full” hydraulic capacity.  Assuming that “full” 
capacity is the maximum hydraulic capacity of a pipe flowing 
under gravity (non-pressure) conditions, Manning’s equation 
shows that maximum flow occurs when a pipe reaches a flow 
depth ratio of about 95% depth/diameter (d/D). For the purpose of 
this study, pipes flowing at 90% or greater capacity are considered 
“deficient”, and pipes flowing at greater than 75% and less than 
90% are considered “marginally deficient”. 

 
Pipe reaches which fail the “75% full” volume criterion for both 
existing and future flow conditions are shown in Table 7-2 and 
Figures 15 and 17.  It is seen that under existing flow conditions 
none of the pipes in the system flow greater than 90% full. At 
ultimate conditions (year 2020) some of the reaches flow greater 
than 90% full and some greater than 75% full. 
 
 A velocity more than 10 feet per second is considered to be the 
threshold for scouring. The pipes having a maximum velocity of 
more than 10 feet per second are considered “deficient” in 
velocity, due to the potential erosion of the interiors of pipe walls 
over time. A velocity less than 2 feet per second is not considered 
self- cleansing  and pipe reaches that have a maximum flow 
velocity less than 2 feet per second under existing flow conditions 
are also considered “deficient” in velocity. These pipes are shown 
in Figure 16. 
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7.2  Project Prioritization Methodology 
    

The 75% full criterion is useful for analyzing deficient pipes and as 
a basis for sizing new facilities.  However, the criterion is not 
necessarily the trigger point for replacement or augmentation of 
an existing sewer line. In most cases, a sewer entity would not 
implement a relief project until capacity problems are actually 
observed or known to be imminent. 

 
A recommended system of project prioritization is the 
categorization of deficient sewer lines based on modeled % full 
results. The “A” priority projects are imminently needed and the 
“B” and “C” projects require further consideration for replacement. 
Priority classifications are described as follows: 
 
Priority “A” – The pipes listed within this priority are currently 
flowing more than 90% full under the maximum flow condition. 
Modeled results indicate that there are no pipes that are currently 
flowing more than 90% full. 
 
Priority “B” – The pipes listed in this priority are projected to be 
flowing more than 90% full in the future under estimated maximum 
flow conditions. A linear interpolation was done for anticipation of 
the mid-term flow in pipes between year 2005 and ultimate year 
(2020). The pipes that would be flowing more than 90% full in the 
year 2015 are placed under priority “B”. These pipes need 
evaluation as new development takes place in the tributary areas. 
Flow monitoring within the study area should be considered for 
observation of actual flows. The pipes under this priority are 
grouped for replacement/re-habilitation in the period (2011-2015). 
 
Priority “C” – The pipes listed in this priority would be flowing more 
than 75% full in the future under estimated maximum flow 
conditions. The pipes that are not part of priority “A” and “B” and 
will flow more than 75% full by the year 2020 are considered as 
priority “C”. These pipes need evaluation as new development 
takes place in the tributary areas. These may or may not be 
replaced or paralleled depending on actual observed flow 
conditions in the future. Flow monitoring within the study area 
should be considered when significant development occurs. The 
pipes under this priority are grouped for possible replacement/re-
habilitation in the period (2016-2020). 
 
 

7.3  Recommended Improvements 
 

Table 7.3 lists project priority, project location, problem, solution 
and approximate cost for problem reaches.  This table identifies 
future problems in the sewer lines and suggested solutions. The 
project cost is based on year 2005 indices.  
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7.4  Grouping of Projects 
 

Proposed improvements under different priorities have been 
combined or grouped into projects to improve deficient and 
marginally deficient pipes based on following criteria: 
 

Pipes identified as marginally deficient in near future 
(Priority “B”),  and marginally deficient in more distant 
future (Priority “C”) located geographically close to one 
another and requiring improvements, are grouped to 
reduce improvement costs. 
 
It is anticipated that the proposed development of Spring 
Mountain Ranch and Springbrook Estates will be in the 
near future. This will increase flow in the pipes along 
Palmyrita Avenue, La Cadena Drive and downstream. 
Thus pipelines under priority “C” along this segment are 
placed in priority “B”. 

 
 

7.5  Construction Schedule  
 

A summary of proposed construction prioritization and 
recommended scheduling is shown in Table 7-2. This table lists 
construction priorities and the year in which these activities are 
proposed. As previously discussed, the pipes included in priorities 
“B” and “C” will need re-evaluation before their replacement. 
 

7.6   Cost Estimate  
 

Unit costs of pipes are based on bid prices for similar projects and 
from the web site www.get-a-quote.net. The cost of construction 
includes labor, materials, excavation, backfill and all other items 
associated with pipe laying. To estimate total cost, cost of 
mobilization / demobilization (7%), traffic control (7%), bond (1%), 
contractor’s profit (15%) and construction contingency (25%) is 
added to the cost of construction. The cost of engineering, right of 
way acquisition, permits, soil conditions remediation and by-pass 
pumping is not included in the construction cost. For priorities “B” 
and “C”, the cost estimate is based on year 2005 indices and no 
escalation has been added to estimate future cost.  Following is 
the summary of cost for the various priorities: 
 
 
• Priority “B”    -  $1,759,000 (2005 $) (See Figure 18 and Table 

7-6-B for details) 
 
• Priority “C”   -  $ 2,788,000 (2005 $) (See Figure 19 and Table 

7-6-C for details) 
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Appendix A 
Flow Data at Meter Locations (On CD) 
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Appendix B 
City of Riverside, Criteria for Sewer Facility Design
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Executive Summary 
 
ES.1 Introduction    

 

 This report presents the results of the Inflow & Infiltration (I&I) Study prepared by 

PBS&J for the City of Riverside (City). The report contains recommendations on I&I 

into the City’s sewer systems based on sewer flow data collected by Downstream 

Services, Inc. 

 

 The City of Riverside is located in the northwestern portion of the County of Riverside 

at the intersection of three major freeways: Route 91, Route 60 and Route 215. The 

study area encompasses approximately 78 square miles and includes five drainage 

basins: Northside, Spruce, Tequesquite, Phoenix and Arlanza.  The study area is 

essentially a fully developed matured community with pockets of vacant lands to be 

developed in the future.  

  

 The City is currently experiencing higher levels of wastewater flow into its sewer 

system during rain events. For this reason, an I&I study was undertaken to evaluate the 

extent of I&I into the sewer system. 

 

ES.2     Existing Sewer System 

 

 The existing sewer system within the City is comprised of approximately 800 miles of 

sewer lines ranging from 4-inches to 51-inches in diameter. There are approximately 

16,500 manholes in the sewer system. These sewer lines are essentially VCP except 

for force main lines that are either cement mortar lined steel pipes or techite pipes. The 

manholes are typically brick-lined. The City of Riverside owns and operates the sewer 

system. 
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Executive Summary 
 
ES.3     Methodology 

 

 For determination of current wastewater flows, flow monitoring was performed at nine 

(9) strategic locations. These meter locations were chosen to observe actual flow 

characteristics for various drainage basins with a distinct land use pattern. The flow 

monitoring was performed over a two-month period (from January 8, 2005 to February 

28, 2005), which contains four (4) significant rain events. The flow data were carefully 

evaluated for their accuracy and some adjustments were made considering depth of 

flow measurement was more reliable than flow velocity measurement. All readings at 

meter no. 6 (Jurupa) were discarded for inconsistencies.  

 

Rainfall data was taken from the California Irrigation Management Information 

System (CIMIS) website for the months of January and February. For this period, four 

(4) significant rain events were identified. For each monitoring station, graphs were 

plotted for Dry and Wet Week flows versus rainfall intensity.  

 

ES.4     Conclusions and Recommendations 

  

This study concludes high inflow and infiltration for storm events I and IV (see below). 

It was evident that during peak (high intensity) rainfall periods, high inflows were 

measured as shown in the meter graphs. In some cases, infiltration would lag by hours 

following the rainfall event. High intensity rain events were the cause of I&I. Rainfall 

events II and III, which were milder in intensity, did not trigger any significant I&I. 

Based on the flow and rainfall data, a rough quantitative estimate of infiltration and 

inflow at RWQCP is as follows:  
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Executive Summary 
 

Storm event I (Saturday January 8th through Friday January 14th) 

Total Rainfall (inches) – 3.73  

Peak Intensity (inches/hour) – 0.65 

Inflow – approximately 4.8 MG 

Infiltration – approximately 2.7 MG 

 

  Storm Event IV (Friday February 18th through Monday February 28th) 

 Total Rainfall (inches) – 4.21 

 Peak Intensity (inches/hour) – 0.29 

 Inflow – approximately 3.3 MG 

 Infiltration – approximately 2.3 MG 

 

These quantities are indicative only and need to be reconfirmed with further 

investigations and studies.  

 

PBS&J recommends that further investigations be performed to “pinpoint” areas of 

I&I. This can be accomplished by strategically placing flow meters upstream of the 

meters in this report. The future meters could be located in upstream sub-basins. In 

addition, physical manhole inspections, smoke tests and CCTV inspections are also 

methods of determining I&I. Smoke tests would identify the problem areas, such as 

Storm Drain Connectors and/or manhole lid openings, while manhole and CCTV 

inspection would determine the condition and extent of damage within the sewer 

system.  

 

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 03\Appendices\Ch01-AppxF-I&I final-report_Hydrographs.pdf



 

1 
City of Riverside 

Infiltration & Inflow Study  
                                                                            
 

Section 1 
Introduction 

1.1 GENERAL 

The City of Riverside (City) is located in the northwest portion of the County of Riverside at the 

intersection of three major freeways: 60, 91 and 215. The sewer system of the City is spread over 

an area of 78 square miles and treated at the Riverside Water Quality Control Plant (RWQCP) 

located at the intersection of Van Buren Boulevard and Jurupa Avenue. Figure –1 is the vicinity 

map showing City’s location and accessibility.  

 

In the recent years, excessive sewage flows have been recorded at RWQCP during rain events. 

This prompted the City to initiate an Infiltration and Inflow (I&I) study for the sewer system. 

The purpose of this report is to evaluate whether I&I of storm water takes place into the City’s 

sewer system.  The report summarizes findings of flow monitoring done for a long period of time 

(more than 2 months) at various strategic locations of the sewer system. The information 

gathered is critical in assessing the condition of the collection system and is used to plan future 

projects to help reduce I&I. This, in turn, should reduce sewage overflows and the possibility of 

fines that could be imposed by the Santa Ana Regional Water Quality Control Board (RWQCB). 

This evaluation will also be part of the new EPA requirements for Capacity, Management, 

Operation and Maintenance (CMOM), which would soon be implemented. 

1.2 SCOPE 

The following is an outline of the scope of work covered in this evaluation of the City’s I&I 

Study: 

• Evaluate Flow Meter Locations: Evaluate the City’s collection system using the GIS 

information received from the City and recommend locations for flow meters. A 

minimum of one meter would be installed for each of the City’s five (5) major drainage 

basins. Also, the meters would be installed at locations where I&I conditions are 

expected. A total of nine (9) meter locations have been selected. 
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• Develop a Flow Monitoring Plan: Develop a flow monitoring plan to include the duration 

of the study, the routine data collection and the collection of data during and after rainfall 

events. The meters will be installed for a period of 30 to 90 days. The actual duration of 

the meter installations will depend on rainfall conditions and durations. A minimum of 

three significant rainfall events are needed to ensure validity of the data. The meters will 

be installed for a minimum period of 30 days. 

• Installation of Meters: Arrange the services of a subcontractor to install flow meters at the 

selected locations. Schedule and coordinate the installation of the meters.  

• Coordinate Data Collection: Coordinate the retrieval of the flow data from the 

instruments. The data will be retrieved weekly during non-rainy periods and immediately 

following significant rainfall events. Collect flow data from the subcontractor in an 

electronic format and store it.  

• Evaluate and Analyze Flow Data: For evaluation, data will be organized and assessed for 

validity. Analyses will be performed to determine whether I&I occur from each of the 

five major drainage basins and from the sub-basins within these basins. 

• Prepare Report: Prepare a report of the findings of I&I study. It will include flow data, 

summary of findings, recommendations of additional flow monitoring, tables, figures and 

maps. It will also include recommendations for the scope of work for follow-up studies 

that would be specific to individual drainage basins of the City.   
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Section 2 
Meter Locations 

2.0 GENERAL 

Flow Monitoring was conducted at nine (9) locations to accomplish the following:   

 

• Determine current flow quantities. 

• Determine average dry weather flow. 

• Determine flow during rain events. 

• Determine fluctuation of flow in the system per intensity of rain. 

• Determine flow patterns following the rain events. 

 

The location of each flow monitoring station can be seen in Figure –2. The locations of flow 

monitoring stations and logic behind selection of their locations is explained in the following 

sub-sections. 

2.1  METER NO. 1 (FAIRMOUNT BOULEVARD)  

 The flow monitoring manhole is located on a 27-inch sewer line (Western Trunk Line) 

along Fairmount Boulevard, approximately 450-ft northeast of the intersection of Fairmount 

Boulevard and Fairgrounds Street.  The sewer line at this location picks up almost the entire flow 

coming out of the Northside Drainage Basin.  The Northside Drainage Basin comprises of mixed 

land uses: the area west of Fwy. 215 is primarily residential and the area east of Fwy. 215 is 

primarily commercial. Most of the future developments would take place in the northeastern 

portion of the drainage basin. The sewer system, west of the Fwy. 215 is older than the eastern 

sewer system. The flow monitoring station would measure almost total sewage flow generated 

from the Northside drainage basin. 
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2.2 METER NO. 2 (SPRUCE STREET) 

The monitoring manhole is located on an 18-inch sewer line (Northern Line) along 

Spruce Street between Orange Street and Mulberry Street, approximately 350-ft east of 

Sedgwick Avenue. The sewer line picks up a majority of the wastewater flow coming from the 

Spruce Drainage Basin. One of the major contributors of the sewage flow is the University Of 

Riverside (UCR), which has experienced rapid growth in the recent years. The sewer system 

within the UCR campus is owned and operated by it. 

2.3 METER NO. 3 (VICTORIA COUNTRY CLUB) 

The monitoring manhole is located on a 21-inch sewer line within the Victoria Country 

Club Golf Course, approximately 850-ft east of Sedgwick Avenue. The wastewater flow from 

the Canyon Crest and Orange Crest areas of the City can be measured at this location. Within the 

country club, the sewer line is installed in a non-paved sewer right of way for a long stretch that 

makes it vulnerable for I&I. 

2.4 METER NO. 4 (BROCKTON AVENUE) 

The manhole is located on a 15-inch sewer line along Brockton Avenue between 14th 

Street and Tequesquite Avenue, approximately 390-ft northeast of the intersection of 

Tequesquite Avenue and Brockton Avenue. The sewer line at this location picks up flow from 

the downtown area of the City and residential developments east of Hwy. 91. The sewer system 

upstream of this location is perhaps the oldest sewer system within the City. The wastewater 

flow from the downtown commercial and office developments can be measured at this location. 

2.5 METER NO. 5 (TEQUESQUITE AVENUE) 

The manhole is located on a 27-inch sewer line along Tequesquite Avenue between 

Wong Way and San Andreas Avenue, approximately 430-ft northeast of the intersection of 

Tequesquite Avenue and San Andreas Avenue.  
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Total wastewater from Tequesquite Drainage Basin can be measured at this location.  

2.6 METER NO. 6 (JURUPA AVENUE) 

The manhole is located on a 24-inch sewer line north of Jurupa Avenue and east of 

Tuckson Ct., between Jurupa Avenue and the Trunk Sewer Line to the Treatment Plant. The flow 

monitor at this location will measure most of the sewage flow generated from the Phoenix 

Drainage Basin. Also, the sewer line near this location is installed in a non-paved sewer right of 

way, which is susceptible to I&I. 

2.7 METER NO. 7 (ARLINGTON AVENUE) 

The manhole is located on a 21-inch sewer line along Arlington Avenue between De 

Camp Ct. and Jefferson Street, approximately 670-ft east of the intersection of Jefferson Street 

and Arlington Avenue. The sewer line at this location picks up most of the residential flow 

generated from the southeastern portion of the Phoenix Drainage Basin. The combination of flow 

data at this location and meter number six (6) can be used to analyze wastewater flow 

characteristics of the Phoenix Drainage Basin. 

2.8 METER NO. 8 (RWQCP) 

The manhole is located on a 51-inch sewer line within the RWQCP, northeast of the 

intersection of Jurupa Avenue and Van Buren Boulevard. The wastewater flow generated from 

the Arlanza Drainage Basin can be measured at this location. Also, this flow can be compared to 

the daily flow data entering RWQCP from the Arlanza Trunk Sewer.  

2.9 METER NO. 9 (JACKSON STREET) 

The manhole is located on a 24-inch sewer line along Jackson Street, within the parking 

lot of the parcel near the intersection of Van Buren Boulevard and Jackson Street. The 

wastewater flow from the eastern portion of the Arlanza Drainage Basin (East of Van Buren 

Boulevard) can be measured at this location. 
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Section 3 
Description of Drainage Basins 

3.0 GENERAL 

The general topography of the City follows the Santa Ana River, which flows at the western 

edge of the City in the southerly direction. In general, the northern and western portions of the 

City are higher in elevation and general surface flow is either in southerly or westerly direction. 

Based on the general topography and existing layout of the sewer system, the City has been 

divided into five (5) drainage basins. See Figure –2 for details of drainage basins.  The drainage 

basins are described in the following sub-sections:  

3.1      NORTHSIDE DRAINAGE BASIN 

The Northside Drainage Basin, located in the northern portion of the City covers approximately 

6,000 acres. It is generally bounded by Main Street to the North, Santa Ana River to the west, 

Spruce Street to the south and Pope Kirlos Avenue to the east.  The eastern portion of the 

drainage basin (east of Fwy. 215) is primarily a business park / light industrial area and has scope 

for future development activities. The western portion is a mature community. Total sewage flow 

from the drainage basin can be measured at the meter location 1. In the future, significant sewage 

flow would be generated from the proposed Spring Mountain Ranch and Springbrooks 

Developments proposed in the eastern portion of the drainage basin. PBS&J has performed a 

trunk sewer study for Northside Drainage Basin for dry weather flow conditions. According to 

this study, the existing sewer system is efficient for current flows but the system would need 

rehabilitation / replacement of sewer segments to accommodate the future flows.  

 
3.2 SPRUCE DRAINAGE BASIN 
 
The drainage basin covers around 2,500 acres and is located north of the Riverside Downtown 
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neighborhood. It is generally bounded by Spruce Street to the north, University Avenue to the 

south, Fairmont Boulevard to the west and Watkins Drive to the east.  PBS&J has performed 

trunk sewer capacity study for this drainage basin. According to this study, the Spruce Sewer 

System has current and future deficiencies. UCR is one of the major sewage contributors to the 

Spruce Sewer System. The drainage basin is a mature community comprised of residential, 

commercial, light industrial and educational facilities. 

 
3.3 TEQUESQUITE DRAINAGE BASIN 
 
The drainage basin encompasses around 13,000 acres in area and includes Downtown, Canyon 

Crest and Orangecrest neighborhoods of the City. It is generally bounded by UCR to the north, 

Van Buren Boulevard to the south, Tequesquite Avenue to the west and Fwy. 215 to the east. 

PBS&J has performed a trunk sewer capacity study for this drainage basin. According to this 

study, the Tequesquite Sewer System has current and future deficiencies. The area designated as 

an Industrial Business Park in the Sycamore Canyon neighborhood would be one of the major 

wastewater contributors to the Tequesquite Sewer System. The drainage basin is a mature 

community and comprises of residential, commercial, light industrial and educational facilities. 

The area marked as Sycamore Canyon Park is a reserved area. The sewer lines in the downtown 

area are quite old and may have I&I problems in addition to capacity deficiencies as identified in 

the Sewer Capacity Study. 

 
3.4        PHOENIX DRAINAGE BASIN 
 
The Phoenix Drainage Basin is located in the middle portion of the City and it covers 

approximately 11,000 acres. It is generally bounded by the Santa Ana River to the north, 

Woodcrest neighborhood of the County of Riverside to the south, Jefferson Street to the west and 

Alessandro Avenue to the east. PBS&J is currently performing a trunk sewer capacity study for 

this drainage basin that would determine current and future deficiencies for dry weather 

conditions. The drainage basin is a mature community comprised of residential, commercial, 

light industrial and educational facilities. The sewage flow from this drainage basin dumps into 
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the trunk sewer line that runs parallel to Santa Ana River. 

 
3.5      ARLANZA DRAINAGE BASIN 

The drainage basin encompasses around 20,000 acres and includes a southern portion of the City. 

It is generally bounded by the Santa Ana River to the north, Home Gardens neighborhood of the 

County of Riverside to the south, City of Norco to the west and Jefferson Street to the east. 

PBS&J is currently performing a trunk sewer capacity study for this drainage basin that would 

determine current and future deficiencies. The drainage basin is a mature community comprised 

of residential, commercial, light industrial and educational facilities. It can distinctly be divided 

into two portions: the area west of Tyler Street contributing to the pump station at Pierce Street 

and the area east of Tyler Street contributing to the RWQCP by gravity. The sewer system 

comprises of new and old (approximately 50 years) sewer lines. The wastewater flow from the 

western portion of the drainage basin is pumped through a force main line to the gravity sewer 

system and eventually it flows to RWQCP.
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Section 4 

Data Evaluation Procedures 

4.0 GENERAL 

 Flow data for wastewater was collected and provided by Downstream Services, Inc from 

nine (9) metering locations. The data for each station was evaluated. The data was collected for 

the period of January 7, 2005 through February 28, 2005.  

 Two types of meters were installed, a Marsh-McBirney FloDar meter with a non-

intrusive ultrasonic level and radar velocity sensors to measure depth, velocity and flow and an 

ISCO 2150 Area Velocity meter using a pressure transducer to measure depth and a Doppler to 

measure velocity. The Marsh-McBirney FloDar meter was installed at stations 2, 5 and 8; while 

the ISCO 2150 Area Velocity meter was installed at stations 1, 3, 4, 6, 7 and 9.   

4.1 RAINFALL DATA 

 CIMIS, the California Irrigation Management Information System 

(http://www.cimis.water.ca.gov/cimis/data.jsp) is the source of information used for this study 

for the rainfall data. The rainfall data used for this study was for the months of January and 

February. The rainfall data can be seen in Appendix B. There were a total of four (4) storm 

events during the study period that were evaluated. The rainfall data for these four (4) storm 

events is summarized in the Table 4-1. 

Table 4-1 

City of Riverside, Station 44, CIMIS Rainfall Data for Jan/Feb 2005 

Storm 
Event Dates Days Total Rainfall 

(in) 

Average Rainfall 
for Storm Event 

(in/hr) 

Peak Intensity 
(in/hr) 

I 1/8 to 1/14 7 3.73 0.02 0.65 
II 1/26 to 2/01 7 0.23 0.001 0.09 
III 2/9 to 2/15 7 0.88 0.01 0.16 
IV 2/18 to 2/28 11 4.21 0.02 0.29 
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The storm events are described in more details in the following sub-sections. 

4.1.1 STORM EVENT I 

 The Storm Event I began on January 8, 2005 and continued until January 14, 2005 for a 

period of 7 days. The intensity of rainfall gradually increased and the peak intensity (0.65 inch 

per hour) was recorded on January 09, 2005 at 17.00 hours. After that, the rainfall intensity 

decreased rapidly and finally diminished on January 12, 2005. The average rainfall for this storm 

event was 0.02 inch per hour and the total rainfall was 3.73 inch. 

4.1.2 STORM EVENT II 

 The Storm Event II began on January 26, 2005 and continued until February 01, 2005 for 

a period of 7 days. The intensity of rainfall was mild in nature and the peak intensity (0.09 inch 

per hour) was recorded on January 28, 2005 at 16:00 hours. This was a minor storm event with 

scanty or negligible rainfall. The average rainfall for this storm event was 0.001 inch per hour 

and the total rainfall was 0.23 inch. 

4.1.3 STORM EVENT III 

 The Storm Event III began on February 09, 2005 and continued until February 15, 2005 

for a period of 7 days. The intensity of rainfall was mild in nature and the peak intensity (0.16 

inch per hour) was recorded on February 11, 2005 at 12:00 hours. This storm event was a mild 

one with majority of rainfall falling on February 11, 2005. For the rest of the storm period, a 

scanty or negligible rainfall was recorded. The average rainfall for this storm event was 0.01 inch 

per hour and the total rainfall was 0.88 inch. 

4.1.4 STORM EVENT IV 

 The Storm Event IV began on February 18, 2005 and continued until February 28, 2005 
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for a period of 11 days. The intensity of rainfall was mild to heavy in nature and the peak 

intensity (0.29 inch per hour) was recorded on February 19, 2005 at 13:00 hours. This storm 

event was spread over a longer period of time. It began with a mild intensity on February 18, 

2005 and peaked on February 19, 2005. This continued until February 23, 2005 with two 

intermediate peaks on February 21, 2005 at 4:00 hours (0.20 inch per hour) and on February 23, 

2005 at 3:00 hours (0.13 inch per hour).  For the rest of the storm period, a scanty or negligible 

rainfall was recorded. The average rainfall for this storm event was 0.02 inch per hour and the 

total rainfall was 4.21 inch. 

4.2 METER DATA COLLECTION / EVALUATION 

4.2.1 METER NO. 1 (FAIRMOUNT) 

 At Station 1 (Fairmount), the sensor was positioned in the 27” VCP inflow pipe. 

Acquiring data at this location was difficult because debris would build up during low-flow 

conditions. For this reason, data for some of the dates were lost and the data collected from the 

hardware had to be salvaged and re-calculated for velocity and flow considering depth was 

reliable. This data was evaluated and a graph plotted to make a better representation of the storm 

events. A 30-period moving average was used to plot graphs for the Wet and Dry Week Periods. 

A figure for the flow data for the entire period is shown in Figure 5.1.1. 

4.2.2 METER NO. 2 (SPRUCE) 

 At Station 2 (Spruce), the meter was installed at the inflow 18” VCP. This meter has a 

consistent depth of flow, velocity and flow data. The data collected at this station was converted 

to a 30-period moving average and used for plotting graphs. A figure for the flow data for the 

entire period is shown in Figure 5.2.1. 

4.2.3 METER NO. 3 (GOLF COURSE) 

 At Station 3 (Golf Course), the meter was installed in the 27” inflow VCP pipe. The 

readings at this station are generally consistent and accurate. Data was used to calculate a 30-
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period moving average for both the wet and dry-week periods. During rain events, some 

inconsistent spikes were experienced at this location for a small period of time. However, data 

was used to create graphs for a 30-period moving average for both wet and dry week periods. A 

figure for the flow data for the entire period is shown in Figure 5.3.1. 

4.2.4 METER NO. 4 (BROCKTON) 

 At Station 4 (Brockton), the meter was installed at the 15” inflow VCP pipe. At this 

location, a major problem was encountered during flow monitoring. Flow surcharge caused the 

hardware to be dislodged on February 17th, and the damaged equipment could not be replaced 

until February 25th. For this reason, data is missing for this period so only two storm events were 

plotted using a 30-period moving average. A figure for the flow data for the entire period is 

shown in Figure 5.4.1. 

4.2.5 METER NO. 5 (TEQUESQUITE) 

 At Station 5 (Tequesquite), the meter was installed at the inflow 27” VCP pipe. The data 

was analyzed using the 30-period moving average for both the Wet week and Dry Week Periods. 

Graphs for all four storm events were plotted. A figure for the flow data for the entire period is 

shown in Figure 5.5.1. 

4.2.6 METER NO. 6 (JURUPA) 

 At Station 6 (Jurupa), the meter was installed in the 24” VCP line. The total flow quantity 

of both influent lines, 24” VCP and 27” VCP, were metered. The data at this location was 

analyzed for the influent flow of the 27” line. This station had debris and large objects flowing 

into the system that interfered with the readings. In mid January, the mounting ring became 

dislodged due to a mass of debris flowing into the pipeline. This caused a lot of the data at this 

station to be considered as erroneous and only one storm event in mid-February was plotted. A 

30-period moving average was taken for the data that was salvaged. A figure for the flow data 

for the entire period is shown in Figure 5.6.1. 
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4.2.7 METER NO. 7 (ARLINGTON) 

 At Station 7 (Arlington), the meter was installed at the 21” VCP inflow pipe. Hydraulic 

conditions at this site were generally good, with moderately fast flow velocities. Brief accounts 

of surcharging were present. Data was used for a 30-period moving average for a graphical 

representation of all four storm events.  

A figure for the flow data for the entire period is shown in Figure 5.7.1. 

4.2.8 METER N0. 8 (RWQCP) 

 At Station 8 (RWQCP), the meter was installed in the 51” inflow pipe. Flow conditions 

monitored showed consistent flow, with moderate-to-fast velocity indications. The data of the 

entire period was used for a 30-period moving average and plotted for three storm events. Due to 

insufficient amount of data for February 18th through the 24th, representation of the fourth storm 

event was not done. A figure for the flow data for the entire period is shown in Figure 5.8.1. 

4.2.9 METER NO. 9 (JACKSON) 

 At Station 9 (Jackson), the meter was installed in the 24” inflow pipe. All four storm 

events were plotted using data for a 30-period moving average. One problem with the collection 

of data was encountered for this station during the last two days of February, when zero readings 

were recorded by the meters for depth and flow. This period was ignored for graphical 

representation. A figure for the flow data for the entire period is shown in Figure 5.9.1. 
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Section 5 
Flow Monitoring Findings 
 
5.0 GENERAL 

The analysis of data was performed and graphs plotted for the data collected. The total 

amount of wastewater flow at RWQCP is the sum of flows at meters 1, 2, 5, 6, 8 and 9. The 

details of I&I flow at the RWQCP are tabulated in table 5-1. The analysis of flow data for each 

metering station is described in detail in the following sub-sections. 

 

Table 5-1 

Total I&I at Riverside Water Quality Control Plant (RWQCP) 

Storm Event I (From Saturday January 8th through Friday January 14th) 
Estimation of Inflow: 

Meter No. Location 

Approximate 
Wet Day Flow 

(On Jan. 9) 
(MG) 

Approximate 
Dry Day  Flow 
(On Jan. 16) 

(MG) 

Difference 
(MG) 

Variation 
% 

1 Fairmount 
Boulevard 

0.8 0.3 0.5 145% 

2 Spruce Street 2.6 2.4 0.2 8% 
5 Tequesquite 

Avenue 
8.5 7.7 0.9 11% 

6 Jurupa Avenue 3.9 2.5 1.4 57% 
8 RWQCP 10.1 8.9 1.3 14% 
9 Jackson Street 2.9 2.3 0.6 24% 
 Total: 28.78 24.01 4.77 20% 

Estimation of Infiltration: 

Meter No. Location 

Approximate 
Wet Day Flow 
(On Jan. 12) 

(MG) 

Approximate 
Dry Day  Flow 
(On Jan. 19) 

(MG) 

Difference 
(MG) 

Variation 
% 

1 Fairmount 
Boulevard 

0.5 0.3 0.1 38% 

2 Spruce Street 3.1 2.9 0.2 6% 
5 Tequesquite 

Avenue 
8.5 8.1 0.4 5% 

  6* Jurupa Avenue         
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8 RWQCP 9.6 7.9 1.7 21% 
9 Jackson Street 2.5 2.2 0.3 14% 
 Total: 24.13 21.41 2.72 13% 

Storm Event IV (From Friday February 18th through Monday February 28th) 

Estimation of Inflow: 

Meter No. Location 

Approximate 
Wet Day Flow 
(On Feb. 20) 

(MG) 

Approximate 
Dry Day  Flow 

(On Feb. 6) 
(MG) 

Difference 
(MG) 

Variation 
% 

1 Fairmount 
Boulevard 

0.9 0.3 0.70 209% 

2 Spruce Street 2.7 2.5 0.2 9% 
5 Tequesquite 

Avenue 
6.6 6.5 0.2 2% 

   6** Jurupa Avenue 3.9 3.8 0.1 2% 
8 RWQCP 11.2 9.4 1.8 19% 
9 Jackson Street 2.6 2.3 0.4 16% 
 Total: 28.04 24.79 3.25 13% 

Estimation of Infiltration: 

Meter No. Location 

Approximate 
Wet Day Flow 
(On Feb. 12) 

(MG) 

Approximate 
Dry Day  Flow 
(On Jan. 20) 

(MG) 

Difference 
(MG) 

Variation 
% 

1 Fairmount 
Boulevard 

0.3 0.3 0.02 6% 

2 Spruce Street 3.1 2.9 0.3 9% 
5 Tequesquite 

Avenue 
8.0 7.1 0.9 12% 

  6** Jurupa Avenue 3.9 3.8 0.03 1% 
8 RWQCP 8.4 7.7 0.6 8% 
9 Jackson Street 2.7 2.2 0.4 20% 
 Total: 26.32 24.07 2.25 9% 

Notes:  

* Data was not available for these dates and could not be included in this calculation 

** In case of missing data for Storm Event IV, corresponding flow data for similar rainfall 

intensity was used for Storm Event I.  
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5.1  METER NO. 1 (FAIRMOUNT) 

 The flow from the Northside Drainage Basin is measured at this location. Due to debris 

accumulation at low flows, the collection of data for this station was not consistent for the entire 

period of January 7th through February 28th. Meter malfunction was the cause of invalid velocity 

data. However, reliable readings that were considered useful were of the water level in the 

manhole (depth) for the period of the first storm event. This is why data was plotted on a graph 

for only the first storm event in January, from Saturday January 8th through Friday January 14th. 

The representation given on this graph shows several inflow spikes immediately following the 

wettest day, January 9th, for two 12-hour period cycles. The infiltration subsided by the end of 

the first storm period. The graph for the infiltration and inflow at this meter location can be seen 

in Figure –5.1.2 to Figure –5.1.5.  

5.2 METER NO. 2 (SPRUCE)  

At this location, the flow from Spruce Drainage Basin is measured. Four significant 

storm events were monitored for the whole two-month period. Graphs for all four storm events 

were plotted. Rain-induced inflow can be seen on the graphs. Storm events I and IV showed 

evidence of some inflow conditions for three 24-hour period cycles. This was seen with wet 

flows increasing for three consecutive cycles and being higher than dry flows for that week. This 

was followed by gradually decreasing infiltration for the rest of the week. Graphs plotted for 

storm events II and III show comparable flows for both dry and wet periods and do not show any 

evidence of infiltration or inflow. The graphs for the infiltration and inflow at this meter location 

can be seen in Figure –5.2.2 to Figure –5.2.5.  

 

5.3 METER NO. 3 (GOLF COURSE) 

 Wastewater flows from Orangecrest and Canyon Crest neighborhoods of the City can be 

measured at this location. Surcharging was seen during some rain events at this location, causing 
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the water level to reach the top of the manhole at some instances. Storm event I shows high wet 

flows following the one-day peak rainfall event on January 9th.  Inflow spikes were evident for 

24-hour period cycles. Storm events II and III present steady flows for the one week period, so 

no conclusion of I&I was derived for these rain events. Storm event IV shows high wet flows for 

five out of eleven days plotted. This was due to four high rainfall days at the beginning of the 

period that might have caused inflow spikes followed by diminishing flows. The graphs for the 

infiltration and inflow at this meter location can be seen in Figure –5.3.2 to Figure –5.3.5. 

 

5.4 METER NO. 4 (BROCKTON) 

 Wastewater flows from the downtown areas of the City can be measured at this location. 

Only two storm events were analyzed of this location: Storm I and II. This was because of 

inconsistencies in the data for storm events III and IV. Manning’s formula was used to determine 

velocities and flows for the measured depths, assuming they were reliable. When zero readings 

were attained for some of the depths, no data was recovered and excluded from graphs. For the 

first storm event, I&I was evident following a peak rainfall day. The second graph does not 

provide reliable I&I information because the data is inconsistent. The graphs for the infiltration 

and inflow at this meter location can be seen in Figure –5.4.2 to Figure –5.4.4. 

 

5.5 METER NO. 5 (TEQUESQUITE) 

 The total flow from Tequesquite Drainage Basin can be measured at this location. 

Significant inflow spikes were recorded during storm events I and IV for this station. This was 

primarily evident during storm event I. Infiltration evidence was seen for Storm I for a 24-hour 

period and diminishing after that. However, storm IV showed infiltration readings that were 

sporadic with dry periods being sometimes higher than wet periods for flow. This may have been 

caused by flawed meter readings that caused inconsistent data. The graphs for the infiltration and 

inflow at this meter location can be seen in Figure –5.5.2 to Figure –5.5.5. 
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5.6 METER NO. 6 (JURUPA) 

 Most of the wastewater flows from the Phoenix Drainage Basin can be measured at this 

location. Despite efforts to salvage a lot of the raw data collected for this station, it was difficult 

to draw conclusive information for the presence of inflow and infiltration from graphs. Only one 

storm event for the month of February was plotted and used to analyze flow data. Peaks 

representing high periods of the flow following high rainfall were attained from the plot, but only 

four consecutive days were representative for this occurrence. It was difficult to determine the 

presence of infiltration in one graph alone. In conclusion, data for this station was determined 

invalid and was not considered for this sewer study. The graph for the infiltration and inflow at 

this meter location can be seen in Figure –5.6.3 to Figure –5.6.5. 

5.7 METER NO. 7 (ARLINGTON)    

 The wastewater flow from part of the Phoenix Drainage Basin can be measured at this 

location. Hydraulic conditions were reliable for the collection of raw data for this station. All 

four storm events were analyzed and plotted. Storm event I contains a peak rainfall day on the 

second day, for a 24-hour period, followed by high wet flows indicating inflow. A small quantity 

of infiltration can be seen on the graph; but nothing comparable to other stations. Storm events II 

and III demonstrated steady flows throughout the one week period. No indication of I&I was 

present for storm events II and III. Storm IV presents a cycle of events, with three peak rainfall 

days at the beginning of the period, followed by peak wet flows as well. Inflow was present 

throughout this period, with indications of high wet flows for five consecutive days. Very 

minimal infiltration was seen after five days. There were ambiguous dry flows being higher than 

wet flows that might have been caused by a brief period of surcharging in the system. The graphs 

for the infiltration and inflow at this meter location can be seen in Figure –5.7.2 to Figure –5.7.5. 
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5.8 METER NO. 8 (RWQCP) 

 Total wastewater flow from Arlanza Basin can be measured at this location. Collection of 

data for this station was made for the entire period, except for one week. This was due to failure 

of the meter’s data logger for February 17th through February 24th. It was replaced on February 

25th. The flow data for the first three storm events were plotted. The graph for storm event I 

show indication of inflow spikes, followed by mild infiltration that diminishes at the end of the 

storm period. Little or no indication of I&I was witnessed during storm events II and III. The 

graphs for the infiltration and inflow at this meter location can be seen in Figure –5.8.2 to Figure 

–5.8.4. 

5.9 METER NO. 9 (JACKSON) 

 At this meter location, part of the wastewater flow from the Arlanza Basin can be 

measured. Flows for all four storm events were measured at this station. Storm event I contains a 

significant period of high rainfall for the first three days of the week, with the wettest day having 

a period of an 8-hour rainfall. High inflow indication followed this trend, with a diminishing wet 

flow occurrence after three subsequent days. Storm events II and III showed mild rainfall events, 

so no I&I was seen on the graphs. Storm event IV showed a series of high rainfall for the first 

five days. Significant wet period flows can be seen for this storm event followed by prolonged 

low diminishing flows. The graphs for the infiltration and inflow at this meter location can be 

seen in Figure –5.9.2 to Figure –5.9.5. 
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Section 6 
Conclusion / Recommendations 
 

6.0 GENERAL 

This study concludes high inflow and infiltration for storm events I and IV. It was evident 

that during peak (high intensity) rainfall periods, high inflows were measured as shown in the 

meter graphs. In some cases, infiltration would lag inflow by hours following the rainfall event. 

High intensity rain events were the cause of I&I. Rainfall events II and III, which were milder in 

intensity, and did not trigger any significant I&I. Based on the flow and rainfall data, an 

approximate quantitative estimate of infiltration and inflow at RWQCP is as follows:  

 
Storm event I (Saturday January 8th through Friday January 14th) 

Total Rainfall (inches) – 3.73  

Peak Intensity (inches/hour) – 0.65 

Inflow – Approximately 4.8 MG 

Infiltration – Approximately 2.7 MG 

 

  Storm Event IV (Friday February 18th through Monday February 28th) 

Total Rainfall (inches) – 4.21 

Peak Intensity (inches/hour) – 0.29 

Inflow – Approximately 3.3 MG 

Infiltration – Approximately 2.3 MG 

 

These quantities are indicative only and need to be reconfirmed with further investigations and 

studies.  
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PBS&J recommends that further investigations be performed to “pinpoint” areas of I&I. This can 

be accomplished by strategically placing flow meters upstream of the meters in this report. The 

future meters could be located in upstream sub-basins. In addition, physical manhole inspections, 

smoke tests and CCTV inspections are also some of the recommendations that can help in the 

determination of I&I. Smoke tests would identify the problem areas, such as Storm Drain 

Connectors and/or manhole lid openings, while manhole and CCTV inspection would determine 

the condition and extent of damage of the sewer system.  
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Appendix A 
Flow Data from Downstream Services Inc. 
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Appendix B 
Rainfall Data from CMIS Web Site 
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COLLECTION SYSTEM COSTS 
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Table G-1 CSMP Project Costs 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual CIP Costs (Million Dollars)(3)(4) Project 
Study Area Priority Location(1) 

Total Project Cost 
(Million Dollars)(2) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Collett Avenue $0.38 $0.04 $0.04 $0.04 $0.05 $0.05 $0.05 $0.05 $0.05 $0.06 $0.06 

Fillmore Street $0.41 $0.04 $0.04 $0.05 $0.05 $0.05 $0.05 $0.06 $0.06 $0.06 $0.06 

Golden Avenue $0.26 $0.03 $0.03 $0.03 $0.03 $0.03 $0.03 $0.04 $0.04 $0.04 $0.04 

A 

RWQCP Sewer $0.33 $0.03 $0.03 $0.04 $0.04 $0.04 $0.04 $0.04 $0.05 $0.05 $0.05 

B Monticello Avenue $1.59 $0.16 $0.17 $0.18 $0.19 $0.20 $0.21 $0.22 $0.23 $0.24 $0.24 

Acorn Street $1.44 $0.14 $0.15 $0.16 $0.17 $0.18 $0.19 $0.20 $0.20 $0.21 $0.22 

Arizona Avenue $0.69 $0.07 $0.07 $0.08 $0.08 $0.09 $0.09 $0.09 $0.10 $0.10 $0.11 

Collett Avenue $0.90 $0.09 $0.09 $0.10 $0.11 $0.11 $0.12 $0.12 $0.13 $0.13 $0.14 

Fillmore Street $0.62 $0.06 $0.07 $0.07 $0.07 $0.08 $0.08 $0.08 $0.09 $0.09 $0.10 

Golden Avenue $0.73 $0.07 $0.08 $0.08 $0.09 $0.09 $0.10 $0.10 $0.10 $0.11 $0.11 

Harrison Street $0.43 $0.04 $0.05 $0.05 $0.05 $0.05 $0.06 $0.06 $0.06 $0.06 $0.07 

Jackson Street $1.78 $0.18 $0.19 $0.20 $0.21 $0.22 $0.23 $0.24 $0.25 $0.26 $0.27 

Jones Avenue $1.07 $0.11 $0.11 $0.12 $0.13 $0.14 $0.14 $0.15 $0.15 $0.16 $0.16 

La Sierra Channel $1.80 $0.18 $0.19 $0.20 $0.21 $0.23 $0.24 $0.25 $0.26 $0.27 $0.28 

Magnolia Avenue $0.55 $0.06 $0.06 $0.06 $0.07 $0.07 $0.07 $0.08 $0.08 $0.08 $0.09 

Monroe Street $0.51 $0.05 $0.05 $0.06 $0.06 $0.06 $0.07 $0.07 $0.07 $0.08 $0.08 

RWQCP Sewer $0.64 $0.06 $0.07 $0.07 $0.08 $0.08 $0.08 $0.09 $0.09 $0.09 $0.10 

Arlanza 

C 

Van Buren 
Boulevard 

$6.83 $0.68 $0.72 $0.77 $0.81 $0.86 $0.90 $0.93 $0.97 $1.01 $1.05 
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Table G-1 CSMP Project Costs 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual CIP Costs (Million Dollars)(3)(4) Project 
Study Area Priority Location(1) 

Total Project Cost 
(Million Dollars)(2) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

B Marlborough 
Avenue 

$0.12 $0.01 $0.01 $0.01 $0.01 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02 

C Fairmount 
Boulevard 

$0.57 $0.06 $0.06 $0.06 $0.07 $0.07 $0.08 $0.08 $0.08 $0.08 $0.09 

 Fairmount Trunk $2.43 $0.24 $0.26 $0.27 $0.29 $0.31 $0.32 $0.33 $0.34 $0.36 $0.37 

 Marlborough 
Avenue 

$0.26 $0.03 $0.03 $0.03 $0.03 $0.03 $0.03 $0.04 $0.04 $0.04 $0.04 

Northside 

 Strong Street $0.49 $0.05 $0.05 $0.06 $0.06 $0.06 $0.06 $0.07 $0.07 $0.07 $0.08 

Central Avenue $0.54 $0.05 $0.06 $0.06 $0.06 $0.07 $0.07 $0.07 $0.08 $0.08 $0.08 

Hillside Avenue $2.57 $0.26 $0.27 $0.29 $0.31 $0.32 $0.34 $0.35 $0.36 $0.38 $0.39 

Phoenix Avenue $0.13 $0.01 $0.01 $0.01 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02 

A 

Santa Ana River 
Pipeline 

$1.52 $0.15 $0.16 $0.17 $0.18 $0.19 $0.20 $0.21 $0.22 $0.23 $0.23 

B Madison Street $0.56 $0.06 $0.06 $0.06 $0.07 $0.07 $0.07 $0.08 $0.08 $0.08 $0.09 

C Madison Street $1.32 $0.13 $0.14 $0.15 $0.16 $0.17 $0.17 $0.18 $0.19 $0.19 $0.20 

Phoenix 

 Phoenix Avenue $2.03 $0.20 $0.21 $0.23 $0.24 $0.26 $0.27 $0.28 $0.29 $0.30 $0.31 

B Chicago Avenue $1.02 $0.10 $0.11 $0.11 $0.12 $0.13 $0.13 $0.14 $0.14 $0.15 $0.16 Spruce 

C Chicago Avenue $0.44 $0.04 $0.05 $0.05 $0.05 $0.06 $0.06 $0.06 $0.06 $0.07 $0.07 

A Eastridge Avenue $0.21 $0.02 $0.02 $0.02 $0.03 $0.03 $0.03 $0.03 $0.03 $0.03 $0.03 Tequesquite 

B Eastridge Avenue $0.73 $0.07 $0.08 $0.08 $0.09 $0.09 $0.10 $0.10 $0.10 $0.11 $0.11 
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Table G-1 CSMP Project Costs 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual CIP Costs (Million Dollars)(3)(4) Project 
Study Area Priority Location(1) 

Total Project Cost 
(Million Dollars)(2) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

 Trautwein Road $0.65 $0.06 $0.07 $0.07 $0.08 $0.08 $0.09 $0.09 $0.09 $0.10 $0.10 

Tequesquitte 
Avenue 

$0.31 $0.03 $0.03 $0.03 $0.04 $0.04 $0.04 $0.04 $0.04 $0.05 $0.05 

 

C 

Wood Road $0.85 $0.09 $0.09 $0.10 $0.10 $0.11 $0.11 $0.12 $0.12 $0.13 $0.13 

Total (Million Dollars) $37.71 $4.24 $4.49 $4.76 $5.05 $5.25 $5.46 $5.68 $5.90 $6.14 $6.39  

Notes: 
(1) Projects categorized as "not required" and "completed" have been removed from the CIP list. 
(2) Costs in August 2006 dollars. 
(3) Costs are distributed evenly over the 10-year period. 
(4) Costs are escalated from 2006 at 6% through 2011, and 4% thereafter. 
 
 
 
Table G-2 Replacement & Rehabilitation Project Costs 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 

Total 
Project 
Cost(1) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Before 1943 Unknown $22.14 $0.47 $0.50 $0.53 $0.56 $0.58  $0.60 $0.63 $0.65 $0.68 $0.71 $0.74 $0.77  

 4 $0.02 $0.00 $0.00 $0.00 $0.00 $0.00  $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  

 6 $85.96 $1.82 $1.93 $2.05 $2.17 $2.26  $2.35 $2.44 $2.54 $2.64 $2.75 $2.86 $2.97  

 8 $172.87 $3.66 $3.88 $4.12 $4.36 $4.54  $4.72 $4.91 $5.11 $5.31 $5.52 $5.74 $5.97  
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Table G-2 Replacement & Rehabilitation Project Costs 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 

Total 
Project 
Cost(1) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

 10 $19.16 $0.41 $0.43 $0.46 $0.48 $0.50  $0.52 $0.54 $0.57 $0.59 $0.61 $0.64 $0.66  

 12 $14.15 $0.30 $0.32 $0.34 $0.36 $0.37  $0.39 $0.40 $0.42 $0.43 $0.45 $0.47 $0.49  

 14 $1.93 $0.04 $0.04 $0.05 $0.05 $0.05  $0.05 $0.05 $0.06 $0.06 $0.06 $0.06 $0.07  

 15 $10.67 $0.23 $0.24 $0.25 $0.27 $0.28  $0.29 $0.30 $0.32 $0.33 $0.34 $0.35 $0.37  

 16 $2.28 $0.05 $0.05 $0.05 $0.06 $0.06  $0.06 $0.06 $0.07 $0.07 $0.07 $0.08 $0.08  

 18 $8.45 $0.18 $0.19 $0.20 $0.21 $0.22  $0.23 $0.24 $0.25 $0.26 $0.27 $0.28 $0.29  

 20 $1.40 $0.03 $0.03 $0.03 $0.04 $0.04  $0.04 $0.04 $0.04 $0.04 $0.04 $0.05 $0.05  

 21 $6.22 $0.13 $0.14 $0.15 $0.16 $0.16  $0.17 $0.18 $0.18 $0.19 $0.20 $0.21 $0.21  

 24 $18.54 $0.39 $0.42 $0.44 $0.47 $0.49  $0.51 $0.53 $0.55 $0.57 $0.59 $0.62 $0.64  

 27 $5.43 $0.12 $0.12 $0.13 $0.14 $0.14  $0.15 $0.15 $0.16 $0.17 $0.17 $0.18 $0.19  

 30 $0.25 $0.01 $0.01 $0.01 $0.01 $0.01  $0.01 $0.01 $0.01 $0.01 $0.01 $0.01 $0.01  

 36 $0.45 $0.01 $0.01 $0.01 $0.01 $0.01  $0.01 $0.01 $0.01 $0.01 $0.01 $0.01 $0.02  

9 $0.49 $0.01 $0.01 $0.01 $0.01 $0.01  $0.01 $0.01 $0.01 $0.02 $0.02 $0.02 $0.02  1944 to 1956 

4 $0.04 $0.00 $0.00 $0.00 $0.00 $0.00  $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  

 6 $1.01 $0.02 $0.02 $0.02 $0.03 $0.03  $0.03 $0.03 $0.03 $0.03 $0.03 $0.03 $0.03  

 8 $39.86 $0.85 $0.90 $0.95 $1.01 $1.05  $1.09 $1.13 $1.18 $1.22 $1.27 $1.32 $1.38  

 10 $2.64 $0.06 $0.06 $0.06 $0.07 $0.07  $0.07 $0.07 $0.08 $0.08 $0.08 $0.09 $0.09  
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Table G-2 Replacement & Rehabilitation Project Costs 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 

Total 
Project 
Cost(1) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

 12 $2.25 $0.05 $0.05 $0.05 $0.06 $0.06  $0.06 $0.06 $0.07 $0.07 $0.07 $0.07 $0.08  

 15 $0.55 $0.01 $0.01 $0.01 $0.01 $0.01  $0.02 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02  

 21 $0.76 $0.02 $0.02 $0.02 $0.02 $0.02  $0.02 $0.02 $0.02 $0.02 $0.02 $0.03 $0.03  

Total (Million Dollars) $418 $8.85 $9.38 $9.95 $10.54 $10.96  $11.40 $11.86 $12.33 $12.83 $13.34 $13.87 $14.43  

Notes: 
(1) Costs in August 2006 dollars. 
(2) Costs are distributed evenly over A 50-yr period. 
(3) Costs are escalated from 2006 by 6% through 2011, and by 4% thereafter. 
 
 
Table G-2 Replacement & Rehabilitation Project Costs, Continued. 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

Before 1943 Unknown $0.80 $0.83 $0.86 $0.90 $0.93 $0.97  $1.01 $1.05 $1.09 $1.13 $1.18 $1.22 $1.27  

 4 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  

 6 $3.09 $3.21 $3.34 $3.47 $3.61 $3.76  $3.91 $4.07 $4.23 $4.40 $4.57 $4.76 $4.95  

 8 $6.21 $6.46 $6.72 $6.99 $7.27 $7.56  $7.86 $8.18 $8.50 $8.84 $9.20 $9.56 $9.95  

 10 $0.69 $0.72 $0.74 $0.77 $0.81 $0.84  $0.87 $0.91 $0.94 $0.98 $1.02 $1.06 $1.10  
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Table G-2 Replacement & Rehabilitation Project Costs, Continued. 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

 12 $0.51 $0.53 $0.55 $0.57 $0.59 $0.62  $0.64 $0.67 $0.70 $0.72 $0.75 $0.78 $0.81  

 14 $0.07 $0.07 $0.08 $0.08 $0.08 $0.08  $0.09 $0.09 $0.09 $0.10 $0.10 $0.11 $0.11  

 15 $0.38 $0.40 $0.41 $0.43 $0.45 $0.47  $0.49 $0.50 $0.52 $0.55 $0.57 $0.59 $0.61  

 16 $0.08 $0.09 $0.09 $0.09 $0.10 $0.10  $0.10 $0.11 $0.11 $0.12 $0.12 $0.13 $0.13  

 18 $0.30 $0.32 $0.33 $0.34 $0.36 $0.37  $0.38 $0.40 $0.42 $0.43 $0.45 $0.47 $0.49  

 20 $0.05 $0.05 $0.05 $0.06 $0.06 $0.06  $0.06 $0.07 $0.07 $0.07 $0.07 $0.08 $0.08  

 21 $0.22 $0.23 $0.24 $0.25 $0.26 $0.27  $0.28 $0.29 $0.31 $0.32 $0.33 $0.34 $0.36  

 24 $0.67 $0.69 $0.72 $0.75 $0.78 $0.81  $0.84 $0.88 $0.91 $0.95 $0.99 $1.03 $1.07  

 27 $0.20 $0.20 $0.21 $0.22 $0.23 $0.24  $0.25 $0.26 $0.27 $0.28 $0.29 $0.30 $0.31  

 30 $0.01 $0.01 $0.01 $0.01 $0.01 $0.01  $0.01 $0.01 $0.01 $0.01 $0.01 $0.01 $0.01  

 36 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02  $0.02 $0.02 $0.02 $0.02 $0.02 $0.02 $0.03  

9 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02  $0.02 $0.02 $0.02 $0.03 $0.03 $0.03 $0.03  1944 to 1956 

4 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  

 6 $0.04 $0.04 $0.04 $0.04 $0.04 $0.04  $0.05 $0.05 $0.05 $0.05 $0.05 $0.06 $0.06  

 8 $1.43 $1.49 $1.55 $1.61 $1.68 $1.74  $1.81 $1.89 $1.96 $2.04 $2.12 $2.21 $2.29  

 10 $0.09 $0.10 $0.10 $0.11 $0.11 $0.12  $0.12 $0.12 $0.13 $0.14 $0.14 $0.15 $0.15  

 12 $0.08 $0.08 $0.09 $0.09 $0.09 $0.10  $0.10 $0.11 $0.11 $0.12 $0.12 $0.12 $0.13  
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Table G-2 Replacement & Rehabilitation Project Costs, Continued. 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

 15 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02  $0.03 $0.03 $0.03 $0.03 $0.03 $0.03 $0.03  

 21 $0.03 $0.03 $0.03 $0.03 $0.03 $0.03  $0.03 $0.04 $0.04 $0.04 $0.04 $0.04 $0.04  

Total (Million Dollars) $15.00 $15.60 $16.23 $16.88 $17.55 $18.26  $18.99 $19.74 $20.53 $21.36 $22.21 $23.10 $24.02  

Notes: 
(1) Costs in August 2006 dollars. 
(2) Costs are distributed evenly over A 50-yr period. 
(3) Costs are escalated from 2006 by 6% through 2011, and by 4% thereafter. 
 
 
Table G-2 Replacement & Rehabilitation Project Costs, Continued. 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 

Before 1943 Unknown $1.32 $1.38 $1.43 $1.49 $1.55 $1.61  $1.68 $1.74 $1.81 $1.89 $1.96 $2.04 $2.12  

 4 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  

 6 $5.14 $5.35 $5.56 $5.79 $6.02 $6.26  $6.51 $6.77 $7.04 $7.32 $7.61 $7.92 $8.24  

 8 $10.34 $10.76 $11.19 $11.64 $12.10 $12.59  $13.09 $13.61 $14.16 $14.72 $15.31 $15.92 $16.56  

 10 $1.15 $1.19 $1.24 $1.29 $1.34 $1.39  $1.45 $1.51 $1.57 $1.63 $1.70 $1.77 $1.84  

 12 $0.85 $0.88 $0.92 $0.95 $0.99 $1.03  $1.07 $1.11 $1.16 $1.21 $1.25 $1.30 $1.36  
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Table G-2 Replacement & Rehabilitation Project Costs, Continued. 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 

 14 $0.12 $0.12 $0.12 $0.13 $0.14 $0.14  $0.15 $0.15 $0.16 $0.16 $0.17 $0.18 $0.18  

 15 $0.64 $0.66 $0.69 $0.72 $0.75 $0.78  $0.81 $0.84 $0.87 $0.91 $0.95 $0.98 $1.02  

 16 $0.14 $0.14 $0.15 $0.15 $0.16 $0.17  $0.17 $0.18 $0.19 $0.19 $0.20 $0.21 $0.22  

 18 $0.51 $0.53 $0.55 $0.57 $0.59 $0.62  $0.64 $0.67 $0.69 $0.72 $0.75 $0.78 $0.81  

 20 $0.08 $0.09 $0.09 $0.09 $0.10 $0.10  $0.11 $0.11 $0.11 $0.12 $0.12 $0.13 $0.13  

 21 $0.37 $0.39 $0.40 $0.42 $0.44 $0.45  $0.47 $0.49 $0.51 $0.53 $0.55 $0.57 $0.60  

 24 $1.11 $1.15 $1.20 $1.25 $1.30 $1.35  $1.40 $1.46 $1.52 $1.58 $1.64 $1.71 $1.78  

 27 $0.32 $0.34 $0.35 $0.37 $0.38 $0.40  $0.41 $0.43 $0.44 $0.46 $0.48 $0.50 $0.52  

 30 $0.01 $0.02 $0.02 $0.02 $0.02 $0.02  $0.02 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02  

 36 $0.03 $0.03 $0.03 $0.03 $0.03 $0.03  $0.03 $0.04 $0.04 $0.04 $0.04 $0.04 $0.04  

9 $0.03 $0.03 $0.03 $0.03 $0.03 $0.04  $0.04 $0.04 $0.04 $0.04 $0.04 $0.05 $0.05  1944 to 1956 

4 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  

 6 $0.06 $0.06 $0.07 $0.07 $0.07 $0.07  $0.08 $0.08 $0.08 $0.09 $0.09 $0.09 $0.10  

 8 $2.39 $2.48 $2.58 $2.68 $2.79 $2.90  $3.02 $3.14 $3.26 $3.39 $3.53 $3.67 $3.82  

 10 $0.16 $0.16 $0.17 $0.18 $0.18 $0.19  $0.20 $0.21 $0.22 $0.22 $0.23 $0.24 $0.25  

 12 $0.13 $0.14 $0.15 $0.15 $0.16 $0.16  $0.17 $0.18 $0.18 $0.19 $0.20 $0.21 $0.22  
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Table G-2 Replacement & Rehabilitation Project Costs, Continued. 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 

 15 $0.03 $0.03 $0.04 $0.04 $0.04 $0.04  $0.04 $0.04 $0.05 $0.05 $0.05 $0.05 $0.05  

 21 $0.05 $0.05 $0.05 $0.05 $0.05 $0.06  $0.06 $0.06 $0.06 $0.06 $0.07 $0.07 $0.07  

Total (Million Dollars) $24.98 $25.98 $27.02 $28.10 $29.23 $30.40  $31.61 $32.88 $34.19 $35.56 $36.98 $38.46 $40.00  

Notes: 
(1) Costs in August 2006 dollars. 
(2) Costs are distributed evenly over A 50-yr period. 
(3) Costs are escalated from 2006 by 6% through 2011, and by 4% thereafter. 
 
 
Table G-2 Replacement & Rehabilitation Project Costs, Continued. 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 

Before 1943 Unknown $2.21  $2.29  $2.39 $2.48 $2.58 $2.68  $2.79 $2.90 $3.02 $3.14 $3.27 $3.40  

 4 $0.00  $0.00  $0.00 $0.00 $0.00 $0.00  $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  

 6 $8.56  $8.91  $9.26 $9.63 $10.02 $10.42  $10.84 $11.27 $11.72 $12.19 $12.68 $13.19  

 8 $17.22 $17.91 $18.63 $19.37 $20.15 $20.96  $21.79 $22.67 $23.57 $24.52 $25.50 $26.52  

 10 $1.91  $1.99  $2.06 $2.15 $2.23 $2.32  $2.42 $2.51 $2.61 $2.72 $2.83 $2.94  

 12 $1.41  $1.47  $1.52 $1.59 $1.65 $1.72  $1.78 $1.86 $1.93 $2.01 $2.09 $2.17  
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Table G-2 Replacement & Rehabilitation Project Costs, Continued. 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 

 14 $0.19  $0.20  $0.21 $0.22 $0.22 $0.23  $0.24 $0.25 $0.26 $0.27 $0.28 $0.30  

 15 $1.06  $1.11  $1.15 $1.20 $1.24 $1.29  $1.35 $1.40 $1.45 $1.51 $1.57 $1.64  

 16 $0.23  $0.24  $0.25 $0.26 $0.27 $0.28  $0.29 $0.30 $0.31 $0.32 $0.34 $0.35  

 18 $0.84  $0.88  $0.91 $0.95 $0.98 $1.02  $1.07 $1.11 $1.15 $1.20 $1.25 $1.30  

 20 $0.14  $0.15  $0.15 $0.16 $0.16 $0.17  $0.18 $0.18 $0.19 $0.20 $0.21 $0.21  

 21 $0.62  $0.64  $0.67 $0.70 $0.73 $0.75  $0.78 $0.82 $0.85 $0.88 $0.92 $0.95  

 24 $1.85  $1.92  $2.00 $2.08 $2.16 $2.25  $2.34 $2.43 $2.53 $2.63 $2.73 $2.84  

 27 $0.54  $0.56  $0.59 $0.61 $0.63 $0.66  $0.68 $0.71 $0.74 $0.77 $0.80 $0.83  

 30 $0.02  $0.03  $0.03 $0.03 $0.03 $0.03  $0.03 $0.03 $0.03 $0.04 $0.04 $0.04  

 36 $0.04  $0.05  $0.05 $0.05 $0.05 $0.05  $0.06 $0.06 $0.06 $0.06 $0.07 $0.07  

9 $0.05  $0.05  $0.05 $0.05 $0.06 $0.06  $0.06 $0.06 $0.07 $0.07 $0.07 $0.08  1944 to 1956 

4 $0.00  $0.00  $0.00 $0.00 $0.00 $0.00  $0.01 $0.01 $0.01 $0.01 $0.01 $0.01  

 6 $0.10  $0.10  $0.11 $0.11 $0.12 $0.12  $0.13 $0.13 $0.14 $0.14 $0.15 $0.15  

 8 $3.97  $4.13  $4.30 $4.47 $4.65 $4.83  $5.03 $5.23 $5.44 $5.65 $5.88 $6.11  

 10 $0.26  $0.27  $0.28 $0.30 $0.31 $0.32  $0.33 $0.35 $0.36 $0.37 $0.39 $0.40  

 12 $0.22  $0.23  $0.24 $0.25 $0.26 $0.27  $0.28 $0.30 $0.31 $0.32 $0.33 $0.35  
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Table G-2 Replacement & Rehabilitation Project Costs, Continued. 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 

 15 $0.05  $0.06  $0.06 $0.06 $0.06 $0.07  $0.07 $0.07 $0.07 $0.08 $0.08 $0.08  

 21 $0.08  $0.08  $0.08 $0.09 $0.09 $0.09  $0.10 $0.10 $0.10 $0.11 $0.11 $0.12  

Total (Million Dollars) $41.60 $43.26 $44.99 $46.79 $48.66 $50.61  $52.64 $54.74 $56.93 $59.21 $61.58 $64.04  

Notes: 
(1) Costs in August 2006 dollars. 
(2) Costs are distributed evenly over A 50-yr period. 
(3) Costs are escalated from 2006 by 6% through 2011, and by 4% thereafter. 
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Chapter 1 

EXISTING FACILITIES 

1.1 PURPOSE 
The purpose of this chapter is to summarize the existing facilities at the Regional Water 
Quality Control Plant (RWQCP). This includes descriptions of treatment facilities, support 
facilities, plant access, parking, and a summary of the surrounding area. This report does 
not include the design and reliability criteria of the unit processes, which will be described in 
Volume 4, Chapter 3 - Process Design/Reliability Criteria report. 

1.2 BACKGROUND 
The RWQCP began operation as a regional facility in 1978. Primary and secondary 
treatment capacity was constructed to provide treatment for wastewater from the Rubidoux 
and Jurupa Community Service Districts. Tertiary capacity was built at the same time. 
Subsequent projects have added capacity and upgraded the existing primary, secondary, 
tertiary, and solids handling facilities to increase the treatment capacity at the RWQCP. 

With the installation of the new headworks, the RWQCP has the hydraulic capacity to 
convey peak flows up to 100 mgd through the treatment works.  

1.3 EXISTING SUPPORTING AND TREATMENT FACILITIES  
Figure 1.1 shows the layout of the existing facilities. The RWQCP consists of approximately 
121 acres of land, including an additional 25 acres on the east end acquired in 1990. The 
main entrance to the plant is on Acorn Street. To the right of the entrance is the employee 
and visitor parking lot. To the left of the entrance is the Lab/Administration building. The 
Laboratory Services Program provides technical support for the Sewerage Systems Service 
Program and for Jurupa, Rubidoux, and Edgemont Community Services Districts. Analytical 
services provided include chemical, biological, and microbiological analyses.  

The major crossroads of the RWQCP are Van Buren Road on the west, Jurupa Avenue on 
the south, and Payton Road on the east. There is not much of a buffer zone around the 
plant except by the Santa Ana River on the north side. There are businesses to the 
immediate east and south sides of the plant. 

Figure 1.2 shows a flow schematic for the plant based on current operation. The RWQCP 
incorporates two separate plants (Plant 1 and Plant 2). The sewerage comes into the 
RWQCP at the headworks, where it is then sent to Plant 1 and Plant 2 for independent 
treatment to a primary and secondary level. The flow is split 40 percent to Plant 1 and 
60 percent to Plant 2.  
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EXISTING SITE PLAN

FIGURE 1.1
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Plant 1 has a total of six rectangular primary clarifiers, four rectangular aeration basins, and 
four rectangular secondary clarifiers. Plant 2 has four circular primary clarifiers, six 
rectangular aeration basins, and four circular secondary clarifiers. The secondary effluents 
from both plants combine and go into four equalization ponds, which are then sent to 
tertiary treatment.  

The equalized secondary effluent feeds into the two tertiary filter trains, where it gets further 
treatment. Currently, the tertiary effluent goes through Chlorine Contact Basin No. 1 (CCB1) 
and Chlorine Contact Basin No. 3 (CCB3) for disinfection. The final effluent is discharged 
either to the Santa Ana River directly or to the Hidden Valley Wetlands for further nitrogen 
treatment before discharge to the Santa Ana River. 

The following sections describe the major treatment processes in further detail. 

1.3.1 Influent Sewers 

The RWQCP receives influent from six lines: the Arlanza trunk, the Riverside trunk, the 
Hillside trunk, the Acorn trunk, and the Jurupa and Rubidoux force mains. Each trunk line is 
metered and sampled for 5-day Biological Oxygen Demand (BOD5), suspended solids, 
ammonia nitrogen, and other parameters. The City of Riverside (City) and each of the 
Community Service Districts are responsible for the operation and maintenance of their own 
collection facilities. The City is planning to upgrade the influent metering facilities to obtain 
accurate information on the sewerage entering the RWQCP. Table 1.1 describes the meter 
types, trunk sizes, and average dry weather flow (ADWF) as of the year 2005. 

Table 1.1 Influent Sewers 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Influent Line Current Meter Type Trunk Size (in.) 2005 (ADWF) Flows (mgd)

Arlanza 51 11(1) 

Acorn 

(Combined) 
Open Channel insert 36 3(1) 

Riverside 45 13.4(2) 

Hillside 

(Combined) 
Open Channel insert 24 3.8(2) 

Jurupa Magnetic Parshall Flume 18 2.75 

Rubidouz Magnetic 18 2.1 

Notes:  
(1) Flow is estimated based on ratios of the cross-sectional areas of the Acorn/Arlanza 

lines, as these lines share one meter. The combined flow for these lines is 14 mgd. 
(2) Flow is estimated based on ratios of the cross-sectional areas of the Riverside/Hillside 

lines, as these lines share one meter. The combined flow for these lines is 17.2 mgd. 
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1.3.2 Headworks Facilities 

Headworks facilities are installed for protection of the plant’s equipment. These processes 
include screening and grit removal. Both screenings and grit are washed, dewatered, and 
sent to a sanitary landfill. In 1999, the RWQCP completed construction of a new headworks 
facility. This facility combines the flow from the incoming sewers, including the Community 
Service Districts of Jurupa and Rubidoux. The combined flow is passed through four 
parallel screens and two vortex grit removal basins. Once the water has been screened and 
degritted, it is divided between Plants 1 and 2 for additional treatment. Table 1.2 describes 
the headworks treatment processes.  

Table 1.2 Headworks Facilities 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 

HEADWORKS  

Influent screenings Generation, cu. yds/day(1)  

Average (wet screenings) 15 

Average (washed/compacted) 7.5 

Maximum (wet screenings) 22.5 

Maximum (washed/compacted) 11 

Grit Production, cu. yds/day(1)  

Average 4 

Maximum 8 

Influent Bar Screens  

Numbers 4 

Width, ft 3.5 

Clear Openings Between Bars, inch 0.5 

Type Climber 

Wet Screenings Conveyor  

Numbers 2 

Type Shaftless Screw 

Screenings washing compactor units  

Numbers 2 

Dry Screenings Conveyor   

Numbers 2 

Type Shaftless Screw 
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Table 1.2 Headworks Facilities 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 

Vortex Grit Removal Units  

Numbers 2 

Diameter, ft 20 

Capacity, each, mgd 50 

Grit Removal Efficiency, percent  

>50 Mesh 95 

>100 Mesh 65 

Grit Pumps  

Number per tank 1 

Capacity, gpm 250 

Head, ft 45 

Type Centrifugal Recessed Impeller 

Grit Classifiers (Teacup)  

Number 2 

Type Hydraulic Vortex 

Diameter, inch 42 

Capacity, gpm/each 250 

Grit Dewatering Equipment (Snail)  

Number 2 

Belt Width, inch 18 

BIOFILTER  

Air Residence Time, seconds 62 

Biomedia Depth, ft 3 

Air Velocity through media, fpm 2.89 

Air humidity Saturated 

Foul Air blower, each  2 

Capacity, scfm 13,800 

Type and material Centrif., Fiberglass 

Drive Variable Speed, Flow Controlled 

Notes: 
(1) Based on a design average daily flow of 50 mgd and a peaking factor of 2.0. 
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1.3.3 Primary Clarifiers 

The purpose of the primary clarifiers is to remove settleable organic materials from the 
wastewater. Primary clarifiers typically remove about 70 percent of the incoming total 
suspended solids (TSS) and about half of the biochemical oxygen demand (BOD). The 
primary effluent from the primaries flows by gravity to the aeration basins of each plant.  

The primary sedimentation facilities at Plant 1 were originally designed to pump the settled 
solids into gravity thickeners. The gravity thickeners have since been taken out of service 
and the settled solids from the Plant 1 primaries are pumped into the primary influent 
splitter box for Plant 2. There, they are resettled with the Plant 2 primary solids. The Plant 2 
primary clarifier solids are thickened in the primaries and are pumped directly to the 
anaerobic digesters. Ferric Sulfate is added to the primary clarifiers at Plant 1 to keep the 
hydrogen sulfide levels within the South Coast Air Quality Management District (SCAQMD) 
limits. 

Table 1.3 Primary Treatment 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 

PRIMARY SEDIMENTATION  

Plant 1A  

Basins Rectangular 

Number  4 

Length, ft 104 

Width, ft 26 

Volume Total, gals 688,700 

Surface Area, Total ft2 10,816 

Sludge Pumps  

Number 3 

Type Non-Clog Centrifugal 

Size, gpm/each 450 

Plant 1B  

Basins Rectangular 

Number  2 

Length, ft 163.5 

Width, ft 37 

Volume Total, gals 768,900 

Surface Area, Total ft2 12,100 
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Table 1.3 Primary Treatment 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 

Sludge Pumps  

Number 2 

Type Non-Clog Centrifugal 

Size, gpm/each 450 

Plant 2  

Basins Circular 

Number of Basins 4 

Diameter, ft 95 

Volume Total, mill-gals 2.004 

Surface Area, Total ft2 28,350 

Sludge Pumps  

Number 6 

Type Progressive Cavity 

Size, gpm/each 100 

FERRIC SULFATE  

Number of Tanks 1 

Volume, gallons 6,000 

Usage, gallons/day 700-1,200 

1.3.4 Secondary Treatment 

1.3.4.1 Aeration Basins 

The aeration basins provide biological treatment. In these units, the wastewater is actively 
mixed with a large concentration of microorganisms that break down the soluble organic 
matter and convert it into carbon dioxide. In addition, ammonia nitrogen is converted to 
nitrate. The RWQCP includes modifications to the aeration basins for denitrification. The 
Plant 1 and Plant 2 aeration basins have been modified to include a section with low 
dissolved oxygen known as an anoxic zone. These zones are where nitrate is converted to 
nitrogen gas. The anoxic zones in both plants occupy approximately 20 to 25 percent of the 
total volume of the aeration basins. The aeration basins include high volume mixed liquor 
recycle pumps that allow for a more effective use of the anoxic zones by recycling the 
nitrates formed in the aerobic zone to this section. Additional nitrogen removal occurs in the 
portion of the effluent that passes through the Hidden Valley Wetlands. 
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Two blowers, Blower Nos. 4 and 5, are used for supplying variable volumes of air to the 
aeration basins for Plant 1 and two blowers, Blower Nos. 1 and 2, are used for supplying 
variable volumes of air to the aeration basins for Plant 2. One blower, Blower No. 3, serves 
as a “swing”/standby blower. All five blowers are motor driven, single-stage centrifugal, 
vertical split type. 

1.3.4.2 Secondary Clarifiers 

Secondary clarifiers settle out the microorganisms following the aeration basins. The 
majority of the solids removed from the wastewater stream, referred to as return activated 
sludge (RAS), are returned to the aeration basins to maintain the mixed liquor 
concentration. The remaining solids, known as waste activated sludge (WAS), are 
thickened in the dissolved air flotation (DAF) thickeners before being sent to anaerobic 
digestion. The secondary clarifiers in Plant 1 have the capability of accepting mixed liquor 
from Plant 2, if a Plant 2 clarifier is out of service. 

Table 1.4 Secondary Treatment 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 
AERATION BASINS  
Plant 1  

Number of Basins 4 
Volume in Service, MG 4.05 
Anoxic Fraction, % 22 
Internal Recycle Capacity, mgd 56 

Plant 2  
Number of Basins 6 
Volume In Service, MG 7.85 
Anoxic Fraction, % 25 
Internal Recycle Capacity, mgd 80 

Blower Nos. 1, 2, and 3  
Types Single-Stage Centrifugal, vertical Split 
Flow, scfm each 12,500 
Discharge pressure, psig 9.2 
Inlet Temp, degrees F 110 

Blower Nos. 4 and 5  
Types Single-Stage Centrifugal, vertical Split 
Flow, scfm each 9,000 
Discharge pressure, psig 8.8 
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Table 1.4 Secondary Treatment 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 
Inlet Temp, degrees F 110 

SECONDARY CLARIFIERS  
Plant 1  

Rectangular  
Number of Basins 4 
Length, ft 220 
Width, ft 40 
Surface Area, Total ft2 35,200 

Plant 2  
Circular  
Number of Basins 4 
Diameter Units 5 and 6, ft 100 
Diameter Units 7 and 8, ft 130 
Surface Area, Total ft2 42,250 

RAS PUMPING  
Plant 1  

Number of Units 4 duty + 1 standby 
Capacity, gpm each 4,000 
Type Vertical Centrifugal 

Plant 2  
Number of Units 4 duty + 2 standby 
Capacity, gpm each 3 @ 3,000, 3 @ 5,700 
Type Vertical Centrifugal 

WAS PUMPING  
Plant 1  

Number of Units 1 duty + 1 standby 
Capacity, gpm each 500 
Type Vertical Centrifugal 

Plant 2  
Number of Units 3 duty + 3 standby 
Capacity, gpm each 2 @ 300, 4 @ 315 
Type Vertical Centrifugal 
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1.3.5 Flow Equalization 

Flow equalization precedes the final filtration. These units are constructed basins that 
dampen daily variations in flow and provide the filters with a stable flow. The flow 
equalization basins are shared by the two plants. Flow into the equalization basins is by 
gravity. The secondary effluent is pumped from the basins to the tertiary filters.  

Table 1.5 Flow Equalization 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 
EQUALIZATION PONDS  

Number of Units 4 
Volume, Each, MG 1.5 

1.3.6 Tertiary Treatment 

Filtration removes suspended solids that are not eliminated by settling, which reduces the 
chlorine demand of the water and improves the disinfection process. The current installation 
includes 16 filters, Filters 1 to 10 and Filters 11 to 16. Each of the filters has a 24-inch layer 
of anthracite and a 15-inch layer of silica sand. Filters 11 to 16 are preceded by a chemical 
flocculation step that aggregates very small particles so that they can be efficiently removed 
in the filters.The plant uses alum ew-401 as a coagulant to aid in the filtration process. Alum 
is dosed continuously as required by the permit. 

Table 1.6 Tertiary Treatment 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 
TERTIARY FILTRATION  

Number of filters 16 
Anthracite Depth, inches 24 
Silica Sand Depth, inches 15 
Surface Area, Each, ft2 Filters 1-10 552 
Surface Area, Each, ft2 Filters 11-16 650 

FLOCCULATION BASINS  
Number 10 
Number of stages, each 2 
Volume per basin, gallons 178,000 

FILTER INFLUENT PUMPS  
Plant 1 2 duty + 1 standby 
Plant 2 2 duty + 1 standby 
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Table 1.6 Tertiary Treatment 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 
Plant 1 Capacity, gpm 3 @ 13,050 
Plant 2 Capacity, gpm 3 @ 8,000 

MAIN BACKWASH PUMPS  
Number 2 duty + 1 standby 
Capacity, gpm 3,200 
Max. filter backwash rate, ft rise/min 0.3-0.4 
Max. filter backwash rate, gpm/sf (unit) 25.52-26 
Max filter backwash rate, gpm/filter 14,082/16,900 

BACKWASH STORAGE TANKS  
Number 2 
Volume, MG (each) 0.66 

ALUM FEED SYSTEM  
Average Alum dosage, mg/L 10 
Max. alum dosage, mg/L 20 
Metering Pumps 2 duty + 1 standby 
Capacity, gph each 48 
Alum Storage Capacity, gallons 12,900 

POLYMER FEED SYSTEM  
Average polymer dosage, mg/L 0.1 
Max. polymer dosage, mg/L 1.0 
Metering pumps 2 
Capacity, gph each  410 
Polymer storage capacity, gallons 3,000 

1.3.7 Disinfection 

Disinfection of the wastewater stream destroys the remaining pathogens in the treated 
effluent. This is accomplished by adding sodium hypochlorite and providing adequate 
contact time. Dechlorination, removal of the excess chlorine through the addition of sodium 
bisulfite, protects aquatic life after discharge to the Santa Ana River or the Hidden Valley 
Wetlands. This is done at the end of the chlorine contact basins before the water is 
discharged. The RWQCP has three chlorine contact basins. CCB1  discharges into 
Chlorine Contact Basin No. 2 (CCB2) or CCB3. Currently, CCB1 effluent is discharged into 
CCB3 and CCB2 is out of service. 
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Table 1.7 Disinfection 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 

CHLORINE CONTACT BASINS 
Number of Units 3 

CCB1  

Volume, gallons 448,320 

Length to Width ratio 18.5:1 

CCB2  

Volume, gallons 1,426,470 

Length to Width ratio 63.5:1 

CCB3  

Volume, gallons 2,900,000 

Length to Width ratio 48:1 

CHLORINATION SYSTEM  

Sodium hypochlorite  

Storage tanks, gallons 2 @ 20,000 

Chemical metering pumps, gph 2 @ 360  

Dechlorination System  

Sodium Bisulfite  

Storage tanks, gallons 2 @ 8,000 

Chemical metering pumps, gph 2 @ 350  

1.3.8 Other Facilities 

1.3.8.1 Cogeneration 

Cogeneration is a reliable power source, which could use existing energy resources such 
as the gas produced from the plant’s anaerobic digesters and/or from the City-owned 
Tequesquite Landfill. By definition, cogeneration is the simultaneous production of two 
useful forms of energy from the same fuel source. Along with electric generation from 
cogeneration, recovered waste heat from the process is also used to meet the facilities’ 
thermal demands.  

Currently, the RWQCP is using digester gas sweetened with natural gas as the fuel source 
for the cogeneration. The cogeneration facility is made up of three units with internal 
combustion engines, each producing approximately 1,100 kW of power.  
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1.3.8.2 Impure Water and Makeup Water System 

Many water uses within the plant do not require the potable quality of the City water system. 
An impure water system and a makeup water system have been installed to provide 
non-potable water for seal water for pumps, foam spray in aeration basins, polymer 
mixing/dilution water, alum mixing/dilution water, chlorine solution and injection, wash-down 
water, makeup water for process operation, and water hydrants throughout plant site. 
Table 1.8 shows the details of the impure water and makeup water pumps. 

Table 1.8 Impure Water and Makeup Water Pumps 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 

IMPURE WATER PUMPS (PUMP STATION NO. 21)  

Number of Units 5 

Type Centrifugal 

Capacity, gpm 4 @ 500, 1 @ 1,050 

MAKE-UP WATER PUMPS (PUMP STATION NO. 8)  

Number of Units 4 

Type Non-Clog Centrifugal 

Capacity, gpm 2 @ 700, 2 @ 800 

1.3.8.3 Hidden Valley Wetlands 

Constructed wetlands are a treatment process that uses natural wetland species to control 
nitrogen. The Hidden Valley Wetlands are used to reduce the total inorganic nitrogen (TIN) 
in the plant effluent. Approximately 10 mgd of flow is diverted through the wetlands. A total 
of 70 acres of wetlands has been developed. Additional wetlands may be developed in the 
future as flow increases. 

Table 1.9 Hidden Valley Wetlands 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 

HIDDEN VALLEY WETLANDS  

Number of Acres  

Maximum Amount 490 

Currently Operated 49 
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1.3.8.4 Solids Handling Facilities 

The solids handling facilities are discussed in the Biosolids section of the Master Plan in 
Volume 8, Chapter 1 - Existing Facilities. 
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Chapter 2 

SUMMARY OF PLANNING STUDIES 

2.1 PURPOSE 
The purpose of this chapter is to summarize the past planning studies that have been done 
for the City of Riverside (City) Regional Water Quality Control Plant (RWQCP).  

2.2 PLANNING STUDIES REVIEWED 
The four planning studies that were reviewed for this chapter are: 

1. 1992 Master Plan. 

2. Treatment Capacity Optimization Evaluation and Analysis of Treatment Cost 
Allocations. 

3. Sewer Enterprise Business Plan (SEBP). 

4. Membrane Reactor Feasibility Study.  

Brief summaries of each of these studies are described in the following sections. 
Summaries of major findings and recommendations for each study are also included in this 
chapter.  

Five other planning studies will be reviewed as part of specific Master Plan 
volumes/chapters:  

1. Recycled Water Phase 1 Feasibility Study and Citywide Master Plan. 

2. Regional WQCP Biosolids Handling Improvements. 

3. Odor Control Study. 

4. Sewer Collection System Modeling. 

5. SCADA Management Plan. 

The Ultrasonic Destruction of Biosolids study will not be reviewed because the City has 
determined that it is not a viable process for the RWQCP. 

2.3 1992 MASTER PLAN 
The 1992 Master Plan served as an update to the City’s 1985 Master Plan. This master 
plan update was initiated by the City in response to a number of key issues that had not 
been addressed in the 1985 Master Plan. 
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2.3.1 Purpose  

The purpose of this master plan was to specifically address six issues that had not been 
addressed in the 1985 Master Plan. These concerns included backup power/cogeneration, 
water reclamation, sludge disposal, Inland Surface Waters Plan, air quality, and land 
use/site master planning. This master plan update addressed each of these issues in 
six separate technical memorandums (TMs), which are discussed in the following sections. 

2.3.2 TM No. 1 - Backup Power/Cogeneration  

This TM investigated the feasibility and cost effectiveness of a reliable dual power supply 
system, including the dual feed system upgrade and cogeneration with digester gas and/or 
landfill gas. Gas use/disposal options were also investigated with the power supply options 
to develop feasible project alternatives. 

2.3.2.1 Summary of Findings 
1. Analysis of the RWQCP digester gas production data, during the period from 

January 1, 1991 through October 23, 1991, indicated an average flow of 
288,000 cubic feet per day (cfd) or 200 cubic feet per minute (cfm). This was 
relatively low in comparison to other wastewater treatment facilities in Southern 
California. 

2. At the time of the study, the average monthly energy demand ranged from 1,750 to 
2,100 kilowatt (kW), with an annual average of approximately 1,950 kW. An 
Additional 400-kW load (for raw water pumps) was expected at a RWQCP flow of 
40 mgd. 

3. The RWQCP critical power load at the time of the study was 1,370 kW. Based on 
estimated power demand projections, the critical load at a RWQCP capacity of 
40 mgd was estimated to be 1,750 kW, and ranged from 2,100 W to 2,450 kW 
between 46 and 50 mgd. 

4. Three power generator options were examined: gas turbines, steam turbines, and 
internal combustion/reciprocating engines. 

5. Five alternatives were developed to meet the RWQCP backup power requirements, 
optimize resource recovery from digester gas and landfill gas, and minimize or 
eliminate air quality and environmental concerns related to gas disposal methods. 
The five alternatives were:  
a. Alternative 1: Dual feed system (no cogeneration).  
b. Alternative 2: Dual feed system (with separate power generation at the landfill). 
c. Alternative 3: Cogeneration with both gases. 
d. Alternative 4: Cogeneration with digester gas only.  
e. Alternative 5: Two separate cogeneration facilities. 
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6. Alternative 3 can generate 2,000 kW of power, while Alternative 4 or 5 can generate 
only 1,100 kW of electricity. Only Alternative 3 came close to providing the 
27,000,000 BTU/hr of energy required, with limited supplemental fuel to meet the 
power demand of 2,600 kW. 

7. Alternative 3A, cogeneration with both digester gas and landfill gas (with 
supplemental fuel) as the primary fuel source, was demonstrated to have the best 
economic incentive. 

2.3.2.2 Recommendations 
1. Cogeneration with landfill gas at the RWQCP site was more cost-effective and 

beneficial to the City than burning gas at the landfill site. 

2. Cogeneration with digester gas and landfill gas is a viable alternative for a dual feed 
power supply system. 

3. Cogeneration with both digester and landfill gases was selected as the most viable 
alternative for further consideration. 

4. Due to the low digester gas production and volatile suspended solids (VSS) reduction 
rates, the study recommended that digester performance be optimized by frequent 
monitoring and subsequent process adjustment. 

5. The study recommended that further field study be conducted to verify the actual gas 
available at the landfill in order to effectively manage this gas. 

It was recommended that the critical load at the RWQCP be investigated in detail by 
considering the actual demand of each piece of essential equipment for the plant’s critical 
operations.  

2.3.3 TM No. 2 - Water Reclamation 

This report focused on a market survey and assessment of reclaimed water for landscape 
and industrial users, development of a core distribution system, a concept level cost 
estimate, project funding investigations, and implementation plans. Water quality issues 
were also addressed, as they pertain to direct non-potable reuse.  

2.3.3.1 Summary of Findings 
1. About 70 percent of the City’s 60,000 acre-feet per year (AFY) total potable water 

consumption is for non-potable uses; therefore, approximately 40,000 AFY could 
theoretically be replaced with reclaimed water. 

2. The market survey showed that the non-potable markets for the City included 
landscape and agricultural irrigation, industrial processes, and commercial uses. 
Agricultural irrigation users represented a major potential market. 
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3. The market survey identified existing and future potential reuse by urban users, 
totaling about 11,600 AFY, agricultural irrigation users totaling 30,000 AFY, and 
additional users near the City limits, which could use 2,300 AFY. These users added 
up to a grand total of 43,900 AFY of reclaimed water in the area. 

4. A core distribution system was developed for the City, including pipelines, reservoirs, 
booster pumping stations, and pressure reducing valves. The piping system is 
comprised of 24 pipes with a total length of 34.3 miles. Two storage reservoirs with a 
combined capacity of 15 million gallons were recommended to meet peak demand 
conditions with minimum pumping energy. Two booster-pumping stations were 
recommended to fill the storage facilities. Three pressure-reducing valves also were 
recommended to keep pressures within allowable limits of service.  

5. Based on the estimated distribution of 11,000 AFY, the reclaimed water cost was 
estimated to be $400 per acre-foot. 

2.3.3.2 Recommendation 

The study recommended implementing the water reclamation project. The study 
determined the project is cost-effective for the City at a water production rate of $400/AF. 

2.3.4 TM No. 3 - Sludge Management 

This TM discussed the existing sludge disposal practices at the time of the study, identified 
pertinent regulatory requirements, and defined potential sludge stabilization and disposal 
methods. It also developed and evaluated sludge management alternatives and 
recommended short- and long-term sludge management to the City.  

2.3.4.1 Summary of Findings 
1. The sludge management practices at the time of the study included digestion, 

mechanical dewatering, air drying, and disposal by a private contractor. 

2. Air drying is no longer available due to odor complaints, new regulatory requirements, 
and increases in sludge quantities resulting in increased land requirements. 

3. Regulations would facilitate implementation of sludge disposal by land application, 
distribution, marketing, and disposal to monofills. Other available disposal methods at 
the time of the study (including incineration, surface disposal, and co-disposal 
landfills), were not feasible for RWQCP sludge due to regulatory constraints and the 
complicated permitting process. 

4. Based on a sludge quality evaluation, the actual concentration of heavy metals and 
organic compounds in the RWQCP sludge were substantially lower than the 
concentration levels set by the current and proposed state and federal regulatory 
requirements. 

5. The sludge after stabilization can be marketed for use in agricultural and 
non-agricultural applications. 
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6. Seven stabilization options and five disposal options were identified in the report. 
Three stabilization options (including chemical stabilization, composting, drying) and 
two disposal options (including land application and distribution and marketing) were 
retained after preliminary screening. 

7. At the time it was conducted, the study concluded that the practice of sludge 
dewatering, air drying, and hauling of the sludge by private contractor was the most 
cost-effective for the RWQCP in the short term, but did not comply with Air Quality 
Management District (AQMD) requirements, caused negative public reaction, and 
lacked diversity of disposal options. 

8. The most viable replacement alternative in the short term that the study considered 
was mechanical dewatering and sludge application to dedicated lands. 

9. Thermal dewatering and sludge hauling by a private contractor would be as viable as 
the above alternative if the cogeneration facility is constructed on the plant site to 
provide the heat needed for sludge drying at low cost. 

10. Composting/co-composting with green waste and self-marketing of compost was the 
most viable sludge management practice in the long term for the RWQCP. 

2.3.4.2 Recommendations  

The recommended sludge management plan consisted of two parts, short-term and 
long-term sludge management goals. 

Short-Term Recommendations: 

1. Continue the existing practice of air drying on drying beds and sludge disposal by 
private contractor, while developing other sludge management alternatives. 

2. If a cogeneration facility is constructed at the plant site, replace the air drying of 
sludge with thermal dewatering. 

3. Identify other private contractors for sludge disposal to create a more competitive bid 
atmosphere. 

4. Undertake a feasibility study to evaluate and develop a dedicated land application site 
for sludge disposal. 

5. Allocate approximately 8 acres of the additional 25 acres of land reserved for a new 
sludge management facility at the northeast plant corner according to the RWQCP 
updated master site plan. 

Long-Term Recommendations: 

1. Continue to work with the County and other regional agencies to establish a 
long-term sludge management plan. 

2. Conduct a feasibility study for composting RWQCP sludge and co-composting with 
the City’s green waste. 
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3. Develop an in-vessel sludge composting operation. 

4. Pursue alternative private contractors or self-market options for compost distribution. 

5. Evaluate market potential of Envessel pasteurized sludge and investigate the 
implementation feasibility and if a market for the final product exists. 

2.3.5 TM No. 4 - Inland Surface Waters Plan and National Pollutant 
Discharge Elimination System Permit Compliance 

The purpose of this TM was to establish plant effluent quality requirements based on 
various regulations and studies, evaluate feasible options, and select the most 
cost-effective measure for permit compliance. The report included identification of 
regulatory requirements, review of the 1992 NPDES Permit, evaluation of the permit 
compliance status of RWQCP effluent, development of compliance alternatives, analysis of 
alternatives, development of recommendations, and development of an implementation 
plan/schedule. 

2.3.5.1 Summary of Findings 
1. Several reclaimed water discharge regulations and studies have had major impacts 

on the RWQCP permit requirements, the 1987 Clean Water Act Amendments, the 
California Inland Surface Waters Plan (ISWP), and the Water Quality Control Plan 
(Basin Plan). 

2. The Regional Board did not allow the RWQCP to comply with the toxicity objectives at 
the river discharge point with a mixing zone, but agreed to use the splitter box station 
as the point of sampling for compliance for both acute and chronic toxicity objectives. 

3. RWQCP Permit Compliance Status: Plant effluent quality data from January 1990 
through May 1992, were used for analysis of general and groundwater protection 
requirements.  

4. In general, the RWQCP effluent met the 1992 NPDES permit requirements. 
Compliance was not attained or close monitoring at the time of the study was not 
necessary for the following requirements: 
a. Ammonia nitrogen/unionized ammonia. 
b. Coliform organisms. 
c. Acute toxicity/fish bioassay. 
d. Chronic toxicity. 
e. Dissolved oxygen (DO). 
f. Chlorine residual. 
g. Total Filterable Residue/Total Dissolved Solids (TFR/TDS). 
h. Total Inorganic Nitrogen (TIN). 
i. Trace metal objectives. 
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5. Eight options were identified to serve as full or partial solutions for permit compliance: 
a. Litigation-no action. 
b. Source control. 
c. Water reclamation. 
d. Land application. 
e. Ocean discharge. 
f. Additional treatment. 
g. Groundwater recharge. 
h. Intertie to the Orange County spreading basins. 

6. Eight integrated alternatives were developed based on the eight permit compliance 
options described above: 
a. Alternative 1 - No action (litigation). 
b. Alternative 2 - Ocean discharge. 
c. Alternative 3 - Source control only. 
d. Alternative 4a - Source Control and Additional Treatment (including RO). 
e. Alternative 4b - Source Control and Additional Treatment (excluding RO). 
f. Alternative 5 - Source Control and Wetlands Treatment. 
g. Alternative 6 - Source Control, Wetlands Treatment, and Percolation Ponds. 
h. Alternative 7 - Source Control and Percolation Ponds. 

2.3.5.2 Recommendations 

The TM recommended Alternative 7 as the preferred alternative, which involves 
transporting the nitrified RWQCP effluent to percolation ponds in the Hidden Valley Wildlife 
Area (HVWA) or other appropriate sites, such as the Nature Center and Chino III sub-basin 
sites. 

The study also concluded that the 1992 NPDES permit could be reopened before its 
expiration date to include or revise waste discharge requirements. Without a final clear 
picture of potential discharge requirements, recommendations for permit compliance 
alternatives could not be solidified, since requirements could change. The study provided 
the following list of recommendations, in general, for compliance with NPDES permit 
requirements:  

1. Contact regulatory agencies for their acceptance of the preferred permit compliance 
alternative (Alternative 7). 

2. Plan to meet all compliance schedules as specified in the NPDES permit. 

3. Refine the 1991 in-house toxicity study and conduct a toxicity identification evaluation 
(TIE) to identify toxicants other than unionized ammonia and chlorine residual that 
cause acute/chronic toxicity in the RWQCP. 

4. Use potable water of the best obtainable quality. 
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5. Conduct an extensive source control program, including a survey to specifically 
identify the type and quantity of constituents input from local industries and 
households to the RWQCP. 

6. Establish appropriate local effluent discharge limits for industries based on their 
classifications. 

7. Implement water reclamation throughout the City and the CSDs to maximize direct 
non-potable reuse and minimize the impact of ISWP/NPDES permit compliance. 

2.3.6 TM No. 5 - Air Quality 

The purpose of this TM was to address the air quality planning and implementation as a 
long-term process. The report was divided into three major tasks: 

1. Task 1: Scoping Study, which included identifying regulatory agency considerations 
and air permitting status and compliance, as well as evaluating existing conditions at 
the time of the study. 

2. Task 2: Comprehensive Evaluation of Facilities Alternatives, which evaluated air 
quality compliance for cogeneration and sludge management alternatives. 

3. Task 3: Development of air quality goals for the RWQCP, which consisted of a list of 
recommendations based on the evaluations conducted in Tasks 1 and 2. 

2.3.6.1 Summary of Findings 
1. Under the Existing Source Standards, the RWQCP was expected to comply with the 

new AB 2599 and Rule 1179, which deal with the toxics database and the odors and 
reactive organic gases database. 

2. Under the regulations of new sources, in order to incorporate the addition of 
cogeneration facilities and new types of sludge handling facilities, the RWQCP was 
expected to be in compliance with Regulation XIII New Source Review and Rule 1401 
New Source Review of Carcinogenic Air Contaminants. 

3. Due to regulatory developments including, the definition of major sources being 
decreased from 100 tons per year of air contaminants in the 1970 Clean Air Act to 
10 tons per year or greater in the 1990 Clean Air Act, significantly more processes 
and equipment at the RWQCP may be affected. 

4. At the time of the study, the only emission control device at the RWQCP was the 
waste gas flare.  

5. Organic compound emissions at the RWQCP raised the greatest regulatory concern. 
The emissions had received the most attention because of their high potential as 
smog precursors and their carcinogenic and toxicity effects. 
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6. Heavy metals detected in the RWQCP sludge included chromium (CR) at 5.5 mg/kg, 
copper (Cu) at 16.7 mg/kg, lead (Pb) at 9.3 mg/kg, mercury (Hg) at 0.2 mg/kg, and 
zinc (Zn) at 32.3 mg/kg. 

7. The use of digester or landfill gas for the cogeneration facility would meet the SB 166 
definition of resource recovery. SB 166 requires the SCAQMD to permit projects that 
generate less than 50 MW of electricity provided the project uses BACT and the 
facility demonstrates a good faith effort to secure all available emission offsets to 
mitigate the project’s emissions. 

8. For permitting activities, the RWQCP will be required to investigate all aspects of air 
emissions for cogeneration processes using digester gas and landfill gas. 

9. For permitting activities, the RWQCP will be required to investigate all aspects of air 
emissions for sludge management alternatives. 

2.3.6.2 Recommendations 

The following presents the recommendations that were developed in the Air Quality TM, to 
aid in continued compliance with regulatory requirements: 

Near-Term Goals: 

1. It was strongly recommended that the RWQCP establish an In-Plant Air Quality 
Program, to ensure that the facility identifies, tracks, and satisfies the air quality 
requirements at the POTW. 

2. The RWQCP should consider membership in Joint Emissions Inventory Program 
(JEIP), a collective effort of various POTWs. The JEIP would result in the release of a 
single joint plan, coordinated source testing and an emission inventory Report for all 
JEIP member POTWs. This was a cost-effective and efficient approach to influence 
future regulations and aid in compliance with Rule 1179 requirements. 

3. The study recommended two levels of effort for sludge testing: (1) The City should 
collect samples on a routine basis and perform total and hexavalent chromium 
analyses on these samples, and (2) the City should evaluate the particulate 
emissions from the sludge beds. 

4. The RWQCP should evaluate collection system controls for odorous compounds in 
addition to in-plant evaluations. The RWQCP should study the feasibility of adding 
ferric chloride within the collection system. 

Long-Term Goals: 

1. Long-term goals were defined as the continued compliance with all applicable 
regulations addressing air quality during the next 50 years from the time of the study. 

2. The RWQCP should begin the planning process to implement a strong source control 
program, which would target contributing industry as well as residents. 
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3. The RWQCP should begin the planning process to cover and scrub the headworks 
and cover the primary clarifiers. 

4. The RWQCP should become active in the county planning process to ensure 
residences do not encroach on the existing facility boundary. 

5. The RWQCP should consider the elimination or update of the incineration system at 
the facility. 

6. The RWQCP should begin planning to decommission the sludge beds.  

7. The RWQCP should keep abreast of the changing regulations to ensure smooth 
operation of the facility. The RWQCP should include provisions for the technical and 
regulatory considerations associated with normal operations as well as future 
changes. 

2.3.7 TM No. 6 - Land Use/Site Master Plan 

TM No. 6 addressed the development of potential projects, which would be in response to 
existing deficiencies, ultimate capacity expansion to 60 mgd, and regulatory requirements. 
It considered all potential projects with potential site impacts for the development of a 
comprehensive, long-term land use/site master plan. 

2.3.7.1 Summary of Findings 

The following is a summary of the potential projects that were identified at the time of this 
master plan in response to deficiencies, capacity requirements for future growth, regulatory 
requirements, safety, reliability, improved public image, and enhanced working 
environment. Since then, some of these projects have been completed and addressed. 

General Development Projects: 

1. The Architectural/Landscape Master Plan should incorporate the locations of future 
treatment facilities, promote architectural continuity, improve traffic flow throughout 
the plant, and integrate the entire site plan with roads, parking, landscaping, 
community buffers, and a water reclamation demonstration area. 

2. Acquire additional land along Acorn Avenue from Jurupa Avenue to the plant 
entrance to expand the existing access road. Acquire Riverside County land along 
the southwest corner of the plant site to provide an additional access route from 
Jurupa Avenue. Land acquisition east of the plant should be considered to provide an 
additional buffer. 

3. Acquire and/or reserve land to provide a buffer zone around the plant. 
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Process Facilities Projects: 

1. Construct a new headworks with an average design capacity of 60 mgd and standard 
redundancy. 

2. Construct a cogeneration facility for 2,600 kW capacity using Tequesquite landfill and 
digester gases. 

3. Plant 1 Primary/Secondary Expansion: A capacity evaluation study would be required 
to determine the Plant 1 primary and secondary capacities and identify the 
requirements to bring Plant 1 to 20 mgd and total plant capacity to 40 mgd. 

4. Denitrification Upgrade: To comply with the regulatory requirements, denitrification of 
plant effluent is required if effluent is to be discharged to the Santa Ana River. 

5. Installation of the required covers and scrubbers on the headworks, primaries, 
dissolved air floatation (DAF) thickeners, and belt presses to meet and satisfy air 
quality requirements for the plant. 

6. Evaluation of disinfection methods other than gaseous chlorine. 

7. Discontinue usage of on-site drying beds. 

8. Water Reclamation and Reuse: The City should consider reuse of non-potable 
reclaimed water from the RWQCP for direct reuse, groundwater recharge, wetlands, 
and other applications. 

9. Replacement of the aging 10-mgd Plant 1A primary sedimentation basins was 
proposed. 

10. Expansion of treatment capacity from 40 to 50 mgd for liquid and solid treatment 
processes, including primary, aeration, and secondary treatment; flow equalization; 
tertiary filtration; chlorination/dechlorination; chlorine contact; thickeners; digesters; 
belt press; and related appurtenances. 

11. Secure the cesspool dumping facility to provide continuous monitoring of cesspool 
cleaning operations and prevent illegal dumping. 

Service/Support Facilities:  

1. New Technical Support Facility: A new Technical Support Facility was proposed for 
plant administration, compliance and monitoring activities, and visitor center 
requirements. 

2. A 4,900-square foot expansion to the existing 5,100-square foot laboratory was 
proposed to meet the increasing demands for analytical work. 

3. A 750-square foot expansion and demolition of an old building used for the Collection 
Systems Maintenance Office. 
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4. A 29,600-square foot expansion to the maintenance facility. 

5. Construction of a 3,000-square foot training facility, annex to the proposed Technical 
Support Facility or maintenance building. 

2.3.7.2 Recommendations 

The study recommended systematic implementation of the identified projects. The following 
actions were identified as necessary and recommended for a timely and effective 
implementation of the Master Plan: 

1. Initiate a comprehensive Capacity Evaluation Study and Stress test. 

2. Initiate the Architectural/Landscape Master Plan. 

3. Investigate land acquisition requirements. 

4. Develop applicable CEQA documents for the projects to be implemented prior to the 
50 mgd capacity expansion. 

5. Consider cost-effective loans for project funding such as State Revolving Funds 
(SRF), Water Reclamation Loan, Energy Commission Loan, and others. 

6. Consider near-term projects (to be started by 1998) in the 1993 Capital Improvement 
Program (CIP) for funding. 

7. Screen Van Buren Boulevard by landscaping as soon as possible. 

8. Consider demolishing of unused/abandoned facilities for site cleaning, better plant 
circulation, and public image. 

9. Consider a buffer zone of approximately 300 feet wide around the plant to minimize 
the health risk from toxic pollutant emissions from the plant. 

2.4 TREATMENT CAPACITY OPTIMIZATION EVALUATION AND 
ANALYSIS OF TREATMENT COST ALLOCATIONS 

This study looked at the existing regulatory requirements at the time of the study and how 
they influence capacity allocation at the RWQCP. In addition, the study looked at the 
existing facilities and current operation, along with a loading analysis, to establish the 
capacity for each unit process over a range of influent wastewater characteristics.  

Because changes in plant operations affect the cost for treatment, the cost allocation 
analysis was performed to determine the unit costs of treatment for each constituent of the 
wastewater, which could be used to provide an equitable billing system for the CSDs. 
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2.4.1 Purpose  

The purpose of this study was to optimize the capacity of the treatment facilities at the 
RWQCP and to establish a rate structure that is fair and equitable and can be supported by 
all parties involved.  

2.4.2 Major Findings and Recommendations 

2.4.2.1 Permit Requirements and Existing Treatment Facilities 

This section summarized the requirements of the NPDES permit and described the existing 
facilities. The major conclusions presented in this chapter were: 

1. Flow, oxygen demand (biochemical oxygen demand (BOD) or COD), total suspended 
solids (TSS), and ammonia are the major water quality parameters, which influence 
RWQCP capacity and treatment costs. 

2. Nitrogen removal or TIN may be considered in establishing RWQCP capacity. Other 
constituents, including TDS and heavy metals, are regulated under the permit and 
affect the cost of treatment, but are beyond the scope of this study. 

3. BOD is used to monitor and bill the parties for the oxygen demand component of their 
wastewater. However, it may be beneficial to replace BOD with chemical oxygen 
demand, which is determined through a faster and more precise laboratory test. 

2.4.2.2 Data Evaluation 

The Data Evaluation Chapter summarized the long-term operating data for the RWQCP. 
This included a review of flows and loads for the past 5 years. The major conclusions were: 

1. Flows and loads were fairly constant over the 5-year period, from 1994 to 1999. 

2. The average flow into the RWQCP was 28.1 mgd. The average daily flow for the 
maximum month was 30.2 mgd and the maximum day was 35.0 mgd. Peak hourly 
flows of more than 54 mgd have been experienced in this time frame. 

3. The BOD load to the RWQCP averaged 49,400 pounds per day (lb/day) and was 
58,600 lb/day in the maximum month. This corresponded to an average concentration 
of about 211 mg/L and a maximum month average concentration of 233 mg/L. These 
values were used for modeling. 

4. The solids load to the RWQCP averaged 48,200 lb/day and was 54,000 lb/day in the 
maximum month. This corresponded to an average concentration of about 206 mg/L 
and a maximum month average concentration of 214 mg/L. These values were used 
for modeling. 
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5. Average loads for the CSDs were developed from billing information. Jurupa 
contributed 10 percent of the flow, 12 percent of the BOD, and 14 percent of the TSS. 
Rubidoux contributed 6 percent of the flow, 7 percent of the BOD, and 7 percent of 
the TSS. 

6. Plant performance was calculated and presented in a summary table in Chapter 4. 
Loads to Plant 2 were higher than to Plant 1 because Plant 1 primary solids were 
sent to Plant 2. Plant 1 had higher ammonia loads because dewatering recycle 
streams and waste backwash flows were treated in Plant 1. 

2.4.2.3 Allowable Loading 

This chapter described the computer model used to evaluate and determine the allowable 
loading for the RWQCP. The model used existing plant operations data from 
January 1, 1993 through December 31, 1997, plant stress testing data, and "Tabletop 
Analysis” data to develop mass balances for each process and the RWQCP as a whole. 
The following is a list of conclusions from this section of the report. 

1. The solids retention time (SRT) for the activated sludge process should not be less 
than 5.0 days for complete nitrification to be achieved. 

2. Plant 1 has reduced denitrification capacity because of no internal recycle. 

3. Plant 2 has the greatest denitrification capacity because of higher organic loading. 
Operation at higher recycle rates would allow more TIN to be removed. 

4. The historical nitrogen removal capacity of the Hidden Valley Wetlands has been 
about 530 lb/day of Nitrate-N. This rate is independent of flow. 

5. If Hidden Valley removal rates remain constant, the tertiary effluent TIN concentration 
at 40 mgd should not be greater than 14.4 mg/L-N to meet the permit discharge 
concentration of 12.85 mg/L-N. This should be possible under the current average 
loading, but the permit would likely be exceeded under maximum monthly organic 
loadings. 

6. At maximum loading, a flow of 40 mgd, and normal settling conditions, the clarifier 
safety factor (CSF) for the secondary clarifiers is 1.75. A CSF of at least 2.0 is 
generally recommended. 

7. At maximum monthly loading and a flow rate of 40 mgd, the secondary treatment 
facilities, particularly the secondary clarifiers, may not perform well. 

8. At a flow of 40 mgd and average BOD and TSS loading, additional solids handling 
facilities were determined to be necessary. 

9. Based on a CSF of 1.75 and a flow of 40 mgd, the maximum loading values of BOD, 
COD, NH3-N, and TSS were presented in the study. These maximum loading values 
represent the total amount of each constituent that can be discharged to the RWQCP 
without reducing the capacity below 40 mgd. At concentration levels from each of the 
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parties at the time of the study, no additional limits appeared necessary for the 
RWQCP to meet the NPDES permit. However, if the discharge of these constituents 
increases so that it approaches these loading limits, it may be appropriate to develop 
additional limits for discharges into the RWQCP. 

2.4.2.4 Cost Allocations 

This chapter described the treatment cost model. The model, using budgets developed by 
RWQCP staff, allocated the budgeted costs to the unit processes, allocated the costs for 
each unit process among the billable constituents, and calculated a unit cost for each 
billable constituent. These unit costs were applied to the flows and loads of each of the 
CSDs for 1997/98 to calculate a representative bill, based on flow, BOD, and TSS. 

Alternate billing methods were also developed to assess the impact on costs to each of the 
CSDs. One alternative substituted COD for BOD as a billable constituent. Another 
alternative used NH3 as a fourth billable constituent. A third alternative included the addition 
of the repair and replacement portion of the capital costs as a part of the monthly billing 
cost to each CSD, instead of the current practice of paying for each project on a negotiated 
basis. The conclusions are described below. 

1. A billing method which uses flow, BOD, and TSS to calculate the bill for Jurupa and 
Rubidoux resulted in a decrease over the existing method, approximately 10 percent 
for Jurupa and 11 percent for Rubidoux. 

2. Including the capital repair and replacement costs in the monthly billing would result 
in a significant increase over the existing billing system, an estimated 30 percent for 
both Jurupa and Rubidoux. 

3. Because NH3 data was not available from Jurupa and Rubidoux, it was assumed that 
all parties discharged the same concentration of ammonia (i.e., ammonia loads are 
proportionate to flow). This was the basis in calculation of the costs. The costs 
indicated that the impacts are insignificant. The real cost impacts on Jurupa and 
Rubidoux cannot be evaluated until NH3 data is available. Since NH3 plays a role in 
calculating costs and capacities for the secondary treatment system and because 
nitrogen removal is a key factor in determining plant capacity, it may be desirable to 
use it for future billings. 

4. Using COD instead of BOD as the oxygen demand billable constituent resulted in a 
slight redistribution of costs between the parties. Since the impact was minimal, it 
may be beneficial to replace BOD with COD, which is determined by a faster and 
more precise laboratory test. 
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2.5 SEWER ENTERPRISE BUSINESS PLAN 
The SEBP serves as a strategic and operational planning tool for the RWQCP, which 
provides sewerage services to over 280,000 people residing in the City. The SEBP is the 
link between the City’s strategic planning and annual budget. The goals, objectives, and 
strategies feed upward into the Strategic Plan, while the action items in the SEBP sub-plans 
support outcomes identified in the City’s annual budget and annually updated CIP. 

2.5.1 Purpose  

The purpose of the SEBP was to provide: 

1. A total picture of how the Sewer Enterprise plans and manages sewerage services. 

2. A defined Sewer Enterprise policy on each management issue addressed by the 
plan. 

3. A systematic blueprint for future planning and management focusing on a realistic 
prioritized set of strategies over the term of the SEBP. 

4. A logical and defensible basis for making planning and management decisions, which 
can be made in the context of the total picture rather than considering only details in 
isolation. 

5. A basis for annual reports on service delivery, operational performance, and SEBP 
implementation. 

2.5.2 Contents  

The SEBP is made up of a Business Plan, a Policy Document, and nineteen sub-plans. All 
sub-plans were organized around several key result areas and are presented in the 
following format: 

1. Purpose of Plan: A statement of the purpose and the main issues covered by each 
sub-plan. 

2. Policy: An outline of the existing policy regarding issues covered by the relevant 
sub-plan. 

3. Constraints and Influences: A series of statements on the significant external 
constraints, industry trends, reform agendas, and other factors which will impact, 
influence, or require action to be addressed by the sub-plan. 

4. Current Status: An outline of the current planning or management position regarding 
addressing related issues and an indication of any intended new directions or current 
planning initiatives. 
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5. Future Direction: A tabulation identifying the relevant key result area and goal from 
the Business Plan and the sub-plan objective, together with strategies for achieving 
the objective, performance targets for each strategy, and a key to action plans that 
match each strategy. 

6. Implementation Strategy and Action Plans: Describes how each of the strategies is to 
be implemented with a listing of actions, additional details on the scope and 
outcomes covered by each action, and monitoring and management responsibilities. 

7. Appendices: A-Forms or Tables, B-Supporting Documents. 

The purpose, issues/challenges, and action plans of the nineteen sub-plans are 
summarized and described in the following sections. 

2.5.3 Summaries of Sub-Plans 

2.5.3.1 Customer Service Plan 

2.5.3.1.1 Purpose 

The purpose of this sub-plan was to provide an overview of current customer service 
practices and related future initiatives for improving customer awareness of sewerage 
services. 

2.5.3.1.2 Summary of Issues 

The main issue and challenge was to align the Sewer Enterprise procedures with the City’s 
introduction of the 311 system.  

2.5.3.1.3 Action Plans 
1. Develop Customer Service Standards and issue customer charter and brochure. 

2. Work with the City to implement the new 311 service. 

3. Maintain a cost-effective customer service monitoring and response system. 

4. Undertake public consultation/communication for all new major Sewer Enterprise 
initiatives. 

5. Update customer request forms to facilitate reporting of Customer Service Standards 
targets. 

6. Undertake an annual customer survey. 

2.5.3.2 Financial Management Plan 

2.5.3.2.1 Purpose 

The purpose of this plan was to provide an overview of the current status of financial 
management initiatives, outline 10-year financial projections for the Sewer Enterprise, and 
outline a strategy to define and meet financial performance objectives. 
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2.5.3.2.2 Summary of Issues 

The main issues and challenges were: 

1. The need to increase rates and charges. 

2. The need to quantify the financial impact of aging assets and the cost to address 
increased effluent, biosolids, and air quality standards. 

2.5.3.2.3 Action Plans 
1. Develop a Revenue Plan based on future pricing requirements for industrial waste, 

residential, commercial, and developer charges as the basis for City Council 
consideration. 

2. Investigate opportunities to implement an annually updated Revenue Plan including 
annually updated rates and charges. 

3. Maintain annually reviewed and updated capital/infrastructure charges and 
connection fees. 

4. Maximize opportunities from government subsides/grants. 

5. Maintain a 10-year financial model and rate structure and annually update the 
Revenue Plan. 

6. Review and update CSD Charges. 

2.5.3.3 Operations Management Plan 

2.5.3.3.1 Purpose 

The purpose of the Operations Management Plan was to provide an overview of the current 
operational practices and to outline planned initiatives in operations management. 

2.5.3.3.2 Summary of Issues 

The main challenge was to provide refurbishment and updates to accommodate for 
operational activities to meet current requirements. 

2.5.3.3.3 Action Plans 
1. Operate systems to meet regulatory requirements, standards, and customer service 

targets. 

2. Use operational monitoring and control systems to optimize performance of existing 
infrastructure. 

3. Review and update operating procedures. 

February 2008 2-18 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 04\Ch02.doc 



 

2.5.3.4 Maintenance Management Plan 

2.5.3.4.1 Purpose 

The purpose of the Plan was to provide an overview of the City Sewer Enterprise 
maintenance management program and to outline future initiatives to optimize the 
maintenance management program based on minimizing total life-cycle costs. 

2.5.3.4.2 Summary of Issues 

The main issues and challenges were: 

1. The need to increase the ratio of planned to unplanned maintenance, especially for 
active plant assets. 

2. 70 to 90 percent of laterals were not recorded on CADME (GIS). 

3. Manhole locations were not all recorded geographically correctly on GIS; some 
manholes were up to 60 feet off actual locations. 

4. Structures were built over manholes. 

5. As-constructed sewer grades did not match design drawings. 

6. There was limited access to some sections of the sewer system. 

2.5.3.4.3 Action Plans 
1. Maintain a cost-effective maintenance program for all assets. 

2. Review and update maintenance procedures. 

3. Implement SYNERGEN as a replacement for the current work order systems. 

2.5.3.5 Asset Evaluation and Renewal Plan 

2.5.3.5.1 Purpose 

The purpose of this plan was to provide an overview of: 

1. Current knowledge regarding the value and condition of existing assets. 

2. Current systems for ongoing evaluation of sewerage infrastructure. 

3. Future asset evaluation initiatives. 

2.5.3.5.2 Summary of Issues 

The main issues and challenges were: 

1. Excessive hydrogen sulfide generation downstream of the Pierce Street Pump 
Station. 
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2. Assumed economic useful life of 99 years for sewer pipes in the final asset register. 

3. Limited information on Financial Asset Register (FAR), on which to base replacement 
funding needs. 

2.5.3.5.3 Action Plans 
1. Maintain a rolling program for assessing asset condition, performance, residual life, 

valuation, and renewal works. 

2. Update asset registers and valuations. 

3. Enhance proactive asset management activities. 

2.5.3.6 Infrastructure Planning Plan 

2.5.3.6.1 Purpose 

The purpose of plan was to provide an overview of the Council’s current infrastructure 
planning process and documentation. This plan also outlined issues that must be 
addressed in the planning process and future planning activities. 

2.5.3.6.2 Summary of Issues 

The main issues and challenges were: 

1. There was no strategic or Master Plan for the collection system. 

2. There was increasing pressure to provide sewerage to areas adjoining the City 
service area. 

3. The following were identified as the failing elements of the plant: secondary basin, 
aeration capacity, and biosolids handling facilities. 

2.5.3.6.3 Action Plans 
1. Establish and maintain a rolling program of strategic and detailed planning studies. 

2. Maintain a 10-year CIP. 

3. Carry out strategic planning for sewerage systems. 

2.5.3.7 Asset Procurement and Commissioning Plan 

2.5.3.7.1 Purpose 

The purpose of this plan was to improve management and selection of contractors and to 
enhance the Enterprise’s current project management framework and methodology. 

2.5.3.7.2 Summary of Issues 

The main issues was that a review of current sewer design standards may be beneficial in 
the light of recent testing of developer-built sewers. 
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2.5.3.7.3 Action Plans 

The main action required was to review and update purchasing strategies to address the 
needs of the sewer services program. 

2.5.3.8 Sewer Infiltration/Inflow Management Plan 

2.5.3.8.1 Purpose 

The purpose of the plan was to provide an overview of current infiltration/inflow (I/I) 
management practices and proposed future initiatives and to outline how the City proposes 
to address the EPA requirements for an effective CMOM program. 

2.5.3.8.2 Summary of Issues 

The main issues and challenges were: 

1. Limited storage at Pierce Street Pump Station. Storage is estimated at 1.5 hours 
during peak flow, with a high water alarm at 15 feet 19 inches and overflow at 16 feet 
4 inches. 

2. Pump station SCADA does not currently record flow rates and does not always 
correctly indicate operating status. 

3. Sewer spills ranked third in the annual cost of all risks currently faced by the City. 

2.5.3.8.3 Action Plans 

The main action item required was to review and update current CMOM and I/I programs 
and to monitor catchment flows at all major pump stations. 

2.5.3.9 Energy Management Plan 

2.5.3.9.1 Purpose 

The purpose of this plan was to provide an overview of energy management practices and 
to outline future initiatives in energy management. 

2.5.3.9.2 Summary of Issues 

The main issues and challenges were: 

1. The identification of the full costs of energy, especially for energy produced from the 
cogeneration plant. Current costs do not include depreciation expenses or account for 
a return on capital invested. 

2. Clarification was needed from the City energy utility on the existing arrangement at 
the time of the study. 

3. There was limited capacity of the cogeneration facility at the time of the study. 
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2.5.3.9.3 Action Plans 
1. Continue to optimize system operations to minimize energy usage and costs. 

2. Operate and maintain a cost effective cogeneration facility. 

3. Optimize revenue generated from the cogeneration plant and formalize it in an 
Energy Revenue Plan. 

2.5.3.10 Environmental Management Plan 

2.5.3.10.1 Purpose 

The purpose of this plan was to provide an overview of the City Sewer Enterprise initiatives 
in coordinating its environmental management activities. 

2.5.3.10.2 Summary of Issues 

The main issues and challenges were: 

1. The range and extent of watershed issues being addressed by multiple agencies at 
the time of the study. 

2. The potential for more stringent environmental regulation. 

3. Compliance with emerging regulations on nitrogen, TDS, and endangered species. 

2.5.3.10.3 Action Plans 
1. Maintain compliance with regulatory requirements of the EPA, RWQCB, and AQMD. 

2. Develop and implement an Environmental Management System based on 
ISO 14000. 

2.5.3.11 Effluent Management Plan 

2.5.3.11.1 Purpose 

The purpose of this plan was to provide an overview of the Council’s current effluent 
management practices and future initiatives in effluent management. 

2.5.3.11.2 Summary of Issues 

The main issues and challenges were: 

1. To keep up with the increasingly stringent limits on the quality of effluent discharged 
to surface waters. 

2. To change operational process to allow denitrification. 

3. To monitor the bio-impact of effluent disposal due to increasing interest by regulators. 

4. To simultaneously increase pressure to maximize reclamation of effluent and meet 
requirements to discharge a minimum of 12 to 13 mgd into Reach 3 of the Santa Ana 
River. 
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2.5.3.11.3 Action Plans 
1. Maintain existing effluent disposal systems and a monitoring program. 

2. Identify and optimize reuse options. 

3. Maximize revenue from the sale of effluent to the City’s Water Department. 

4. Address California Code of Regulations (CCR) Title 22 requirements. 

2.5.3.12 Biosolids Management Plan 

2.5.3.12.1 Purpose 

The purpose of this plan was to provide an overview of the City’s biosolids management 
practices and future initiatives to provide an ecologically sustainable and long-term solution 
for managing biosolids. 

2.5.3.12.2 Summary of Issues 

The main issues and challenges were: 

1. To implement a long-term solution for beneficial reuse and cost effective disposal of 
biosolids. 

2. To mitigate odor generated by the biosolids handling procedure at the time of the 
study. 

2.5.3.12.3 Action Plans 

The main action item was to revise practices biosolids disposal upgrade. 

2.5.3.13 Industrial Waste Management Plan 

2.5.3.13.1 Purpose 

The purpose of this plan was to provide an overview of: 

1. The management and regulation of industrial and liquid waste discharged to the 
City’s sewers and wastewater treatment plant. 

2. The Sewer Enterprise programs and future initiative for industrial waste management. 

2.5.3.13.2 Summary of Issues 

The main issues and challenges were: 

1. To maintain a professionally trained workforce fully conversant with all existing and 
emerging regulations. 

2. To handle monitoring and reporting of increasingly stringent regulations. 
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2.5.3.13.3 Action Plans 
1. Maintain and enhance existing industrial waste services. 

2. Maintain the industrial waste NPDES pre-treatment program. 

3. Review and upgrade the pre-treatment and industrial waste service Revenue Plan. 

2.5.3.14 Air Quality Management Plan 

No information was provided for this plan. 

2.5.3.15 Quality Management Plan 

2.5.3.15.1 Purpose 

The purpose of this plan was to provide an overview of current quality management 
practices and to outline future initiatives and objectives in quality management procedures 
and systems. 

2.5.3.15.2 Summary of Issues 

The main challenge was to implement an integrated quality management system. 

2.5.3.15.3 Action Plans 

The main action was to implement a third-party accredited quality assurance system over 
5 years from the time of the study. 

2.5.3.16 Information Management and Performance Assessment Plan 

2.5.3.16.1 Purpose 

The purpose of this plan was to provide an overview of the current status of information 
management systems and to outline the required information outputs and strategies to 
achieve the required outputs. 

2.5.3.16.2 Summary of Issues 

The main issues and challenges were: 

1. To implement SYNERGEN and to handle the subsequent impacts on the well 
established sewer maintenance program HANSEN. 

2. To conduct the extensive work effort of collating monitoring and test result records 
into monthly and annual reports. 
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2.5.3.16.3 Action Plans 
1. Maintain ongoing monthly and annual compliance and performance reporting. 

2. Enhance the Sewer Enterprise’s response and involvement in the City’s Managing for 
Results program. 

3. Enhance management of databases and reporting procedures to facilitate reporting of 
performance. 

2.5.3.17 Risk Management Plan 

2.5.3.17.1 Purpose 

The purpose of this plan was to: 

1. Overview the risks associated with provision of sewerage services for the City and 
adjoining CSDs. 

2. Assess the likelihood and consequences of these risks. 

3. Identify current and proposed risk management strategies. 

2.5.3.17.2 Summary of Issues 

The main issues and challenges were: 

1. The need to update the documentation for the Part 68 Risk Management Program. 

2. The need to review and update OS&H requirements including materials handling data 
sheets. 

3. The need to supply adequate, including a standby basin redundancy, to provide for 
natural disasters. 

2.5.3.17.3 Action Plans 
1. Review and update the risk management plan and associated risk management 

strategies. 

2. Apply operational risk analysis techniques to reduce the risks of not meeting 
operational performance targets. 

2.5.3.18 Human Resources Management Plan 

2.5.3.18.1 Purpose 

The purpose of this plan was to provide an overview of: 

1. Staff resources allocated to the City sewerage services program. 
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2. How the Sewer Enterprise proposed to address resource requirements for total life-
cycle management of assets. 

3. How the Sewer Enterprise addressed human resource issues associated with 
maintaining effective teamwork and training. 

2.5.3.18.2 Summary of Issues 

The main issues and challenges were: 

1. To maintain adequate staff resources to carry out planned sewer maintenance on a 
day-to-day basis. 

2. To adequately identify the owner for each asset and to define asset management 
functions. 

3. To address staff issues, generally including culture, skills, training, and commitment. 

2.5.3.18.3 Action Plans 
1. Maintain an adequately resourced and capable workforce. 

2. Maintain ongoing review of staff training needs and undertake staff development. 

3. Implement a formal performance and review system. 

4. Encourage and foster positive staff attitudes toward continuous improvement and a 
culture of innovation and customer focus. 

2.5.3.19 Business Development Plan 

2.5.3.19.1 Purpose 

The purpose of this plan was to provide an overview of proposed business development 
initiatives and to outline future objectives to achieve the stated vision. 

2.5.3.19.2 Summary of Issues 

The following are the main issues and challenges: 

1. Defining expectations and common goals for the different business units within the 
Sewer Enterprise. 

2. Empowering an independent unit within the Sewer Enterprise. 

3. Being creative and aware of where the wastewater industry is going and customize 
the Business Development Plan to meet the plant’s needs. 

2.5.3.19.3 Action Plans 
1. Adopt an updated revenue plan for City residents, CSDs, developers, and industrial 

waste (IW) service. 

2. Train management on how to empower staff. 
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3. Implement a staff recognition program. 

4. Commit to education and certification of staff. 

2.6 MEMBRANE REACTOR TECHNOLOGY 
This study was completed in November 2005 as a result of increases in wastewater flows to 
the RWQCP and the more restricted treatment requirements that are anticipated for the 
facility. As a planning-level consideration, the study developed and assessed alternatives 
for incorporating an MBR system into the existing RWQCP operations. 

2.6.1 Purpose 

The purposes of this study are summarized as follows: 

1. To provide an evaluation of available MBR treatment technologies and assess the 
feasibility of incorporating an MBR treatment system into the existing 40-mgd 
RWQCP. 

2. To develop concept-level design criteria for an MBR system. 

3. To develop order-of-magnitude construction and present-worth-cost estimates for 
selected alternatives. 

4. To provide a summary of key findings to contribute to the City’s decision-making 
process. 

2.6.2 Contents 

This study consisted of the following: 

1. An evaluation of the existing conditions, which includes the regional permitting 
climate as well as an assessment of treatment process units at the RWQCP.  

2. An analysis of MBR systems. 

3. Development and evaluation of RWQCP site-specific alternatives.  

4. Estimation of construction and O&M costs of the selected alternatives. 

5. Identification and ranking of evaluation criteria for the proposed alternatives. 

6. Recommendations and identified strategies. 

2.6.3 Major Findings and Recommendations 

2.6.3.1 Evaluation of the Existing Conditions 

The plant effluent has to meet the requirements as outlined in the City NPDES Permit 
(No. CA0105350). A portion of the effluent is recycled for landscape irrigation. The recycled 
water is required to comply with Title 22, Division 4, Chapter 3, Sections 60301 through 
60355, California Code of Regulations (CCR) and the “Guidelines for Use of Reclaimed 
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Water” by the California Department of Health Services (CDHS). These effluent discharge 
requirements were incorporated into the alternatives considered for the City.  

Plant flow monitoring data from August 2001 through August 2005 showed that the annual 
average flow was 33 mgd, with the minimum flow recorded as 22.88 mgd in January 2005 
and the maximum flow as 51.21 mgd in February 2005.  

2.6.3.2 Analysis of MBR Systems 

The analysis of MBR systems showed that all manufacturers evaluated in the report were 
listed as approved treatment technologies in the April 2003 CDHS Treatment Technology 
Report for Recycled Water. The Santa Ana Regional Water Quality Control Board (RB8) 
had agreed that from a process perspective, MBR systems do not require coagulation and 
sedimentation. Because the RB8 has declared Reach 3 of the Santa Ana River is a 
“recreational impoundment,” the MBR effluent is required to meet Article 3, Section 60305 
of Title 22, Division 4, Chapter 3, “Water Recycling Criteria” of the CCR. From the analysis, 
it is anticipated that the MBR systems evaluated would meet this water-quality objective. 

MBR systems generate approximately 30 percent less sludge than conventional systems. 
From the solids-handling perspective, it was concluded that using MBR technologies would 
result in a solids-handling capacity benefit for the RWQCP. 

Four of the major MBR manufacturers: Zenon ZeeWeed, Environquip/Kubota, U.S. Filter 
MemJet, and Mitsubishi sterapore, were contacted as part of the analysis. All MBR systems 
require a fine-screen facility upstream of the bioreactor to reduce membrane fouling. The 
screen opening sizes for MBR pretreatment were recommended at 1 to 3 millimeters (mm). 
Drum type screens are preferred to flat bar configurations. Operational MLSS 
concentrations varied among manufacturers (from 8,000 to 20,000 mg/L); however, most 
manufacturers recommend operating the system at an MLSS between 8,000 to 
12,000 mg/L. Higher MLSS concentrations could reduce the oxygen transfer rate in the 
bioreactor. The expected membrane life is approximately 10 years. All MBRs require a form 
of aeration directly under the membrane to maintain the flux rate and also require a periodic 
recovery cleaning using chemical(s).  

Preliminary budgetary proposals, which were based on a set of site-specific design criteria, 
were requested from the four manufacturers. Based on the design parameters, Zenon and 
Kubota MBR systems showed several advantages over the other manufacturers, and 
therefore were the only ones evaluated further. MBR systems from both manufacturers 
required approximately 3 million gallons (MG) of storage for a 10 mgd plant. 
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2.6.3.3 Development of Site-Specific MBR Alternatives 

Four site-specific alternatives were identified based on field investigations and discussions 
with the City, and these are listed below: 

1. Using existing rectangular primary clarifiers. These clarifiers are scheduled to retire 
from operation after new primary clarifiers are constructed within the next 5 years. 
The combined tankage volume is about 1.62 MG, about 54 percent of the required 
volume. 

2. Using existing unused circular secondary clarifiers and a chlorine contact tank at the 
abandoned trickling filter plant. The combined tankage volume is about 1.73 MG, 
about 58 percent of the required volume. 

3. Using existing Plant 1 activated sludge reactors. This alternative involves constructing 
two MBR basins contiguous to the existing aeration basins and membrane tanks. 
Existing Aeration Basin No. 10 would function as a swing reactor between the MBRs 
and the conventional plant. No available tankage exists. 

4. Using a new site to be determined within the RWQCP. 

Alternatives 1 and 2 were not considered viable due to the following constraints: 

Alternative 1: 

1. There are significant hydraulic constraints associated with the existing rectangular 
primary clarifiers. 

2. The existing tankage supplies only approximately half (54 percent) of the required 
MBR system reactor volume.  

3. The existing tanks are shallow, which will reduce the oxygen transfer efficiency of the 
converted aerobic reactors. 

4. The existing concrete structures were built in 1953 for Plan 1A basins and 1958 for 
Plan 1B basins, therefore it was anticipated that these structures would be 
approaching the end of their useful life and might require significant rehabilitation to 
provide a reasonable service life for the MBR system. 

Alternative 2: 

1. The circular geometry and depth of the existing tanks are not suitable for MBR 
systems. Therefore, constructing the MBR system in these existing facilities will 
require complex and costly design customization. 

2. The existing tankage supplies only approximately half (58 percent) of the required 
MBR system reactor volume.  

3. Pumping would be required to convey the MBR effluent to Chlorine Contact 
Basin No. 3. 
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The two alternatives considered most viable were Alternatives 3 and 4. Alternative 3 
provides the MBR system in the most logical site where all secondary processes are 
located. One advantage of Alternative 3 is that the existing blower building would be 
situated nearby and side-streams are already piped to the area. In addition, Alternative 3 
would add operation and construction flexibility to the RWQCP. This would result because, 
in this configuration the existing Reactor No. 10 could be used to provide treatment for 
either the conventional or the MBR treatment system, depending on operations and 
maintenance needs. 

Alternative 4 proposed an independent 10-mgd MBR treatment train at a new site within the 
RWQCP. Under this option, all reactors would be new and sited near the headworks. 
Alternative 4 allows for hydraulic optimization and efficient site use through specification of 
MBR design parameters, such as efficient reactor side water depths (e.g., 20 to 25 feet for 
aeration basins). The MBR-specific tank configurations would achieve higher oxygen 
transfer efficiency, reducing power consumption. Finally, construction could logically 
proceed without a large number of process interruptions.  

2.6.3.4 Present Worth Opinion for Alternatives 3 and 4 

Order of magnitude cost opinions were developed for the two alternatives. The costs were 
prepared in 2005 dollars, which included a 20 percent contingency and 20 percent for 
engineering and administration. The estimated capital costs were $54 million for 
Alternative 3 and $61 million for Alternative 4.  

It was assumed that power consumption for both alternatives would be equal, and therefore 
the annual power cost for both alternatives was estimated to be $610,000. The 
present-worth opinion of power cost for the 10 mgd MBR, based on an interest rate of 
6 percent and a life cycle of 20 years, was estimated to be close to $7 million.  

Similar to power consumption, all other O&M costs for both alternatives were assumed to 
be the same. This included membrane replacement, membrane cleaning, labor, chemicals, 
and maintenance parts. The estimated annual total O&M cost was $1.3 million. The 
estimated present-worth opinion for O&M was $14.9 million. This brought the total present 
worth opinion to $68.5 million for Alternative 3 and to $77 million for Alternative 4. 

2.6.3.5 Recommendations 

In conclusion, the study recommended that the City consider MBR Alternative 3 as a viable 
RWQCP rehabilitation and upgrade alternative. To move the recommended MBR 
Alternative 3 forward, the study recommended that the City consider implementation of the 
following: 

1. Develop an MBR Conceptual Design. The Conceptual Design to include preliminary 
design data, site plans, preliminary hydraulic profiles, a yard piping plan, overall 
mechanical plans, cross sections of major MBR units, electrical single-line diagrams, 
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a preliminary site power plan, P&IDs for major process components, and refined 
construction cost estimates.  

2. Implement Pilot MBR Testing. MBR manufacturers (Zenon and Kubota) may wish 
to participate in a side-by-side MBR testing program to evaluate the performance of 
the hollow-fiber and flat-panel membranes. 
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Chapter 3 

PROCESS DESIGN AND RELIABILITY CRITERIA 

3.1 PURPOSE 
The purpose of this chapter is to summarize the existing plant capacity, the basis of design, 
and the design criteria for future facilities at the Regional Water Quality Control Plant 
(RWQCP). This chapter includes a summary of the wastewater quality and flow data, which 
was used to calibrate computer models, and the design criteria for future facilities. In 
subsequent chapters, the calibrated computer models will be used for the evaluation of 
options for increasing plant capacity. This chapter does not include a detailed description of 
the existing facilities, which is included in Volume 4, Chapter 1 - Description of Existing 
Facilities. 

3.2 CONCLUSIONS 
• Based on the Biotran and BioWin™ models, the capacity of the existing facilities is 

40 mgd annual average flow rate.  

• The design criteria for expansion of the wastewater facilities at the RWQCP are listed in 
Tables 3.6 and 3.7. 

3.3 DESCRIPTION OF EXISTING TREATMENT 
The existing RWQCP consists of preliminary, primary, secondary, tertiary, and solids 
treatment. Figure 3.1 shows the flow schematic of the existing facilities. Wastewater that 
enters the RWQCP is screened and de-gritted before it is split into two treatment trains 
(Plant 1 and Plant 2) for further treatment. The flow is split between Plant 1 and Plant 2 in 
roughly a 40:60 ratio.  

In both Plant 1 and Plant 2, wastewater flows by gravity into the primary clarifiers and then 
to the secondary treatment process. Plant 1 has a total of six rectangular primary clarifiers, 
four rectangular aeration basins, and four rectangular secondary clarifiers. Plant 2 has four 
circular primary clarifiers, six rectangular aeration basins, and four circular secondary 
clarifiers. The secondary effluent from each plant combines and flows into four equalization 
basins.  

Equalized secondary effluent is pumped into the tertiary filters. The filtered effluent then 
goes through chlorine contact basins for disinfection and final effluent is discharged either 
to the Santa Ana River directly or to the Hidden Valley Wetlands for further nitrogen 
removal before discharge to the Santa Ana River.  
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For a detailed description of the existing facilities, refer to Volume 4, Chapter 1 - Description 
of Existing Facilities. The description of facilities for handling waste solids generated during 
the wastewater treatment process is discussed separately in Volume 8, Chapter 1 - Existing 
Facilities. The design criteria for the solids handling facilities is discussed in Volume 8, 
Chapter 3 - Biosolids Management: Design Criteria Development. 

3.3.1 Review of Recent Operating Data 

Table 3.1 presents the influent wastewater characteristics for the period of January 2000 to 
July 2006. The data was split into three separate periods as shown, due to influent or 
process changes during the time period. The influent Biochemical Oxygen Demand (BOD) 
and Total Suspended Solids (TSS) concentrations appear to have increased in the past few 
years. Until March 2006, the recycle streams, including filter backwash water and filtrate 
from belt-filter presses and centrifuge, were returned to the Plant 1 primary clarifiers. Since 
March 2006, all the recycle flows are split between the two plants, with approximately 
20 percent flowing to Plant 1 and 80 percent flowing to Plant 2.  

Table 3.1 Summary of the Process Operating Parameters 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Jan 2000 - 
Dec 2003 

Jan 2004 - 
Mar 2006 

March 2006 -
July 2006 Parameter Units

Flow(1)     
Daily Average Flow mgd 30.6 31.9 32.3 
Maximum Flow mgd 39.9 46.5 34.8 
Max-Month Peak Factor  1.3 1.45 1.1 

    Average Influent Quality 
BOD  mg/L 221.5 249.5 252.5 
TSS mg/L 221.9 249.3 234.6 
TKN as N mg/L 34.8 35.2 36.3 
Ammonia-N  mg/L 20.5 22.8 29.0 
BOD/TKN Ratio  6.4 7.1 7.0 

    Influent Loads  
Average BOD Load lb/day 61,600 76,000 79,000 
30-day Moving Average 
Maximum BOD Load 

lb/day 84,900 86,900 84,000 

Average TSS Load lb/day 61,800 76,000 73,300 
30-day Moving Average 
Maximum TSS Load 

lb/day 73,800 88,100 77,000 

Average Ammonia-N Load lb/day 6,900 8,300 8,100 
30-day Moving Average 
Maximum Ammonia Load 

lb/day 10,200 10,800 11,100 
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Table 3.1 Summary of the Process Operating Parameters 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Jan 2000 - 
Dec 2003 

Jan 2004 - 
Mar 2006 

March 2006 -
July 2006 Parameter Units

  Average Secondary Effluent Quality 
BOD mg/L 2.0 3.0 2.8 
TSS mg/L 1.8 1.9 2.9 
TKN as N mg/L 1.7 N/A N/A 
Ammonia as N mg/L 0.5 0.9 0.2 
Nitrate as N mg/L 12.1 10.4 9.0 

Notes: 
(1) The influent flow data presented is based on a calculation provided by the City of 

Riverside. 

Figure 3.2 shows the influent flow data for the period January 2000 to July 2006. The 
mid-2006 30-day moving average influent flow is about 32.0 mgd. Figures 3.3, 3.4, 3.5, and 
3.6 show the influent BOD, TSS, Total Kjeldahl Nitrogen (TKN), and ammonia data for the 
period January 2000 to July 2006, respectively. Vertical lines in the figures are shown at 
January 1, 2004 and March 17, 2006. Since March 17, 2006 the ability to divert part of the 
recycles stream to Plant 2 was added.  

The data suggests that the influent wastewater characteristics have changed over the past 
few years. As seen in Figure 3.3, the influent BOD has increased from an average of about 
210 mg/L, for the period January 2000 to December 2003, to an average of about 
250 mg/L, for the period 2004 to mid-2006. This implies that the influent average influent 
BOD has increased by as much as 20 percent. The average influent TSS shows a similar 
trend. The average TSS increased from about 215 mg/L to about 240 mg/L, which is about 
a 12 percent increase. 

Although the ammonia and TKN data is limited, the current average influent ammonia and 
TKN values are higher than what they were a few years back. The average ammonia used 
for design in 2002 was 20.8 mg/L as N, whereas the average for the period 2000 to 2006 is 
27.7 mg/L as N, which is approximately 33 percent higher. The average TKN used for 
design in 2002 was 28.1 mg/L as N, whereas the average for 2000 to 2006 is 35.2 mg/L as 
N, which is approximately 25 percent higher.  

As the average values for wastewater parameters have increased in the past few years, it is 
suggested that the most recent data (for the period of January 2004 to March 2006) be 
used for the design of future facilities. 
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FIGURE 3.2
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FIGURE 3.3

INFLUENT BOD
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FIGURE 3.4

INFLUENT TSS
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FIGURE 3.5

INFLUENT TKN
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FIGURE 3.6

INFLUENT AMMONIA
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Wastewater treatment facilities are designed to handle both hydraulic and pollutant load 
peaks. Figures 3.7 and 3.8 show the influent BOD and TSS loads, respectively. As shown, 
a peaking factor of 1.25 covers most load peaks and hence was chosen for model 
calibration and for design of future expansion. The peaking factors for wastewater flow and 
BOD and TSS loads are summarized in Table 3.1. The discussion on peaking factors for 
wastewater flow is presented in Volume 2, Chapter 3 - Population and Flow Projections. 
These peaking factors would be confirmed during design. 

Table 3.2 Peaking Factors 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Peaking Factor 
 Wastewater Flows 

Peak Wet Weather Flow 2.2 
Peak Dry Weather Flow 1.8 

1.5(1) Tertiary Peak 
 Wastewater Characteristics 

BOD Load 1.25 
TSS Load 1.25 
TKN Load(2) 1.25 

Notes: 
(1) Based on the assumption that secondary effluent is equalized prior to tertiary filtration.  
(2) Due to limited availability of influent nitrogen data, the TKN peak factor was based on 

the BOD and TSS peak factors.  

In order to properly size the future expansion project it is necessary to project the future 
flow conditions. Anticipated wastewater influent flow to the RWQCP is presented in 
Volume 2, Chapter 3 - Population and Flow Projections. 

3.3.2 Effluent Wastewater Quality Criteria 

The RWQCP has to meet the effluent discharge requirements summarized in Table 3.3.  

Table 3.3 Criteria for Effluent 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter 30-day Average (mg/L) 7-day Average (mg/L)
BOD 20 30 
TSS 20 30 

10(1) Total Inorganic Nitrogen (as N) N/A 
Notes: 
(1) Permit requirement is 13 mg/L for flows less than 35 mgd and 10 mg/L for flows above 

that. A design value of 8 mg/L is used to provide a safety factor.  
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FIGURE 3.7

INFLUENT BOD LOAD
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FACILITIES INTEGRATED MASTER PLAN
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FIGURE 3.8

INFLUENT TSS LOAD

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN
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In addition to the water quality criteria listed above, total coliform, toxic pollutants, and other 
Basin Plan constituents of concern are addressed in the discharge permit and Title 22. 

3.4 MODELING OF EXISTING TREATMENT FACILITIES 

3.4.1 Biotran and BioWin™ Process Models 
Carollo Engineers (Carollo) employs a customizable spreadsheet based process model, 
Biotran, to perform mass balances and evaluate operating criteria over an entire treatment 
plant. A Biotran process model was set up for the RWQCP. A copy of the Biotran model is 
included in Appendix A.  

In addition to the Biotran spreadsheet model, Carollo uses the commercially available 
process model BioWin™ to simulate and design the activated sludge system. A BioWin™ 
model was set up for the RWQCP to simulate the performance of the activated sludge 
process for both Plant 1 and Plant 2.  

3.4.2 Calibration  
As a first step in applying Biotran for evaluating plant operations, a historical time period is 
selected, over which operations are reasonably steady to calibrate and check the model 
predictions against actual operations. Operating data for the RWQCP were examined to 
select an appropriate period for calibration, and average values of wastewater parameters 
for the period from January 2004 to March 2006 were used for the calibration of the model. 

3.4.3 Calibration Modeling Results  
Calibration modeling results are summarized in Table 3.4. 

Table 3.4 Comparison of Plant Data and Model Calibration Results 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Biotran Model 
Result 

BioWin™ Model 
Result Effluent Parameter Plant Data 

   Plant 1 
NH4-N, mg/L 0.6 0.1 0.3 

NO3-N, mg/L 20.4 17.7 16.8 
TIN, mg/L 21.0 17.8 17.1 
WAS Production, lb/day 8,450 7,850 7,763 

   Plant 2 
NH4-N, mg/L 0.9 0.1 0.3 
NO3-N, mg/L 4.9 5.6 5.1 
TIN, mg/L 5.8 5.7 5.4 
WAS Production, lb/day 21,950 22,570 21,712 
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The calibrated Biotran and BioWin™ models show a reasonable agreement with the actual 
data as far as solids production is concerned. In terms of effluent quality, there is 
reasonable agreement for effluent ammonia-nitrogen. The effluent nitrate-nitrogen (and 
thus the effluent total inorganic nitrogen) shows some difference. The difference may be 
due to operational changes during the calibration period or due to dewatering centrate 
effects that will be discussed in Volume 4, Chapter 10 - Recycle Stream Management. 

Both the Biotran and BioWin™ models show reasonable agreement with the plant data and 
would be applicable in evaluating future options. The calibrated Biotran (refer to Appendix 
A) model was used to assess the treatment capacity of the existing facilities. The Biotran 
model estimates the existing treatment capacity to be 40 mgd (annual average flow rate). 
This capacity estimate is based on the assumption that the influent flow split between 
Plant 1 and Plant 2 will be in a 50:50 ratio. Previously, during the secondary system 
upgrades project, done by Carollo in 2002, the Biotran showed that the plant capacity was 
approximately 36 mgd. The increase from 36 to 40 mgd is due to the results of the 
Clariflux™ modeling that was done for the master plan. These results will be described in 
Volume 4, Chapter 7 - Secondary Treatment. 

3.5 BASIS OF RWQCP EXPANSION  

3.5.1 Reliability and Units Out of Service 

The following reliability criteria were established for the maximum number of operating units 
for each unit out of service. Table 3.5 shows the summary of the reliability and units 
out-of-service criteria.  

Table 3.5 Reliability and Units Out-of-Service Criteria 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Number of Units 
in Service (Up To) 

Units Considered 
Out of Service Parameter 

Process Tankage(1) 9 1 

Tertiary Filters 6 1 

Rotating Mechanical Equipment 4 1 

Notes: 
(1) Applies to aeration basins, secondary clarifiers, and digesters only. 

3.5.2 Process Design Criteria and Unit Sizing 

The following information (Table 3.6) was used to develop the process design and unit 
sizing for all various unit processes. 
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Table 3.6 Unit Process Design Criteria and Sizing 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Value Notes 

  Headworks - Screens 
Bar Spacing 3/8”  

Operation Mode One standby unit 
and one bypass 

channel 

 

1,200 gpd/ft2 Annual Average Flow. Primary Clarifiers 

2,250 gpd/ft2  Peak Hourly Wet Weather Flow. 

Low Profile 
Aluminum Covers

 Primary Clarifier Covers 

  Odor Control - Biofilters 
3.0 to 5.0 cfm/ft2 Application Rate  

Typical Depth 3 to 4 ft  

  Aeration Basins 
SRT 5 to 8 Days at Max Month Loading 

Conditions. 

  Membrane Bioreactor 
SRT 5 to 8  

Operating MLSS 8,000 - 10,000 
mg/L  

  IFAS Process 
SRT 5 to 8 days  

Equivalent MLSS Increase 40 lbs. per 
1,000 ft2 of media  

  Secondary Clarifiers 
1,500 gpd/ft2 Surface Overflow Rate At Max Month Conditions 

  Tertiary Facilities 

Tertiary Facilities Design 
Flow to Annual Average 
Flow 

1.5:1 Flow equalized prior to tertiary 
facilities. 

Dual Media 4.0 gpm/sq. ft. with one cell out of service 
and one in backwash. 

Cloth Disk Filter 4.5 gpm/sq. ft. (rated with one unit out of 
service for every seven installed). 
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Table 3.6 Unit Process Design Criteria and Sizing 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Value Notes 

Disinfection - Chlorination   
Chlorine Contact Basins 
Ct-value 

450 mg/L-min  

Modal Contact Time 90 min  

(Modal Contact Time/ 
Detention Time) Ratio  

85%  

Disinfection - UV   
UV Transmittance (UVT) 55% (to be 

confirmed) 
Typical range 50% to 70%. The UVT 
value for design would be established 
by conducting laboratory tests during 
the preliminary design stage.  

Disinfection - Ozone   
Ozone Dose 15 mg/L Typical range 5 to 40 mg/L. Dose 

varies with the initial coliform count.  

HRT 15 min  

All unit processes shall be capable of treating or hydraulically conveying all flow as 
identified in the influent characteristics with the largest unit out of service. 

Table 3.7 presents a summary of the parameters (flow and wastewater quality) that were 
used as a basis for evaluating and selecting the various unit processes/operations for 
expansion of the RWQCP.  

Table 3.7 Design Criteria for Expansion of RWQCP 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Effluent Parameter Value 

 Design Flows 
Average Dry Weather Flow (ADWF), mgd 52.2 

115(1) Peak Wet Weather Flow (PWWF), mgd 

Approximate Recycle Flow to Headworks, mgd 5.5 

Average Influent Wastewater Characteristics(2)  

BOD, mg/L 250 

TSS, mg/L 250 

TKN, mg/L as N 35.5 
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Table 3.7 Design Criteria for Expansion of RWQCP 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Effluent Parameter Value 

 Effluent Quality Requirements 
BOD, mg/L <10 

TSS, mg/L <10 

Total Inorganic Nitrogen, mg/L <8 

<1(3) Ammonia-Nitrogen, mg/L 

Notes: 
(1) Based on an instantaneous peak flow factor of 2.2. 
(2) Does not include impact of recycle streams from dewatering, thickening and tertiary 

filter backwash. 
(3) To ensure stable nitrification performance. 
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 == CONFIDENTIAL == NOT FOR DISTRIBUTION ===

CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 10/12/2006 9:03 AM Recycle Mass Balance.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

NOTES regarding this application: With Default Sludge Settleability With Better Sludge Settleability With Better Sludge Settleability
35:65 Recycle Split 40:60 Recycle Split 40:60 Recycle Split

Based on aeration capacity Based on aeration capacity
Centrifuge, not BP

SUMMARY:
FLOW RATES, mgd:
- Raw WW Flow 11.0 20.1 17.8 22.2 22.2 22.2 22.2 22.2
- Flow to Primaries 14.5 20.9 19.4 26.5 24.3 26.8 24.1 26.5
- Flow to Activated Sludge 13.7 21.2 18.2 27.3 22.9 27.3 22.8 26.9

SECONDARY EFFLUENT QUALITY, mg/L:
- BOD (est.), mg/L 2 2 3 3 3 3 3 3
- TSS (nominal), mg/L 5 4 5 4 5 4 5 4
- NH3-N, mg/L [Note] 0.07 0.05 0.26 0.46 0.31 0.44 0.27 0.35
- NO3/NO2-N, mg/L 17.7 5.6 8.5 8.5 7.8 8.0 8.1 8.5
- T.I.N., mg/L 17.8 5.6 8.8 8.9 8.1 8.5 8.4 8.9

PRIMARY CLARIFIERS
- # of Clarifiers 6 4 6 4 6 4 6 4
- # in Service 6 4 6 4 6 4 6 4
- Surface Overflow Rate, gpd/sf 631 736 848 935 1,061 946 1,052 934

AERATION BASINS
- # of Basins 4 6 4 6 4 6 4 6
- # in Service 4 6 4 6 4 6 4 6
- Hydraulic Deten. Time, hr 7.1 8.9 5.3 6.9 4.2 6.9 4.3 7.0
- Operating Last-Pass MLSS, mg/L 2,860 3,170 2,780 2,330 3,500 2,500 3,500 2,500
- Design Temperature, deg C 24.9 24.9 20.0 20.0 20.0 20.0 20.0 20.0
- Unaerated Volume Fraction 0.25 0.19 0.25 0.19 0.25 0.19 0.25 0.19 Selected
- Aerobic SRT, days 8.84 7.78 3.63 2.75 3.22 2.80 3.33 2.94

-- Min. Aerobic SRT for Nitrification 3.05 3.14 4.17 4.19 4.15 4.23 4.15 4.23
- Total SRT, days 11.79 9.56 4.83 3.38 4.29 3.44 4.44 3.61

-- Recommended Min. Total SRT for Nitrification 4.07 3.86 5.56 5.14 5.53 5.19 5.53 5.19
- F/M, lb BOD Appl./lb MLSS-day 0.16 0.17 0.32 0.35 0.34 0.34 0.34 0.34
- Aer. BOD Loading, lb BOD/1000 cf-day 28 33 56 51 74 53 74 52
- ML Recirculation Ratio 2.9 2.1 2.2 1.6 1.7 1.6 1.8 1.6 Selected
- Process Air (est.), scfm 6,110 10,200 10,390 17,560 14,040 17,580 13,940 17,380

SECONDARY CLARIFIERS
- # of Basins 4 4 4 4 4 4 4 4
- # in Service 4 4 4 4 4 4 4 4
- Sec. Clarifier SOR, gpd/sf 386 494 509 627 645 631 641 623
- Sec. Clar. Solids Loading, lb/day-sf 15 23 19 18 25 18 25 17
- Clarifier Safety Factor (CSF) 2.6 1.8 2.0 2.0 2.8 2.8 2.8 2.9

-- CSF Target 2.3 2.2 2.0 2.0 2.0 2.0 2.0 2.0

Calibration Design Capacity Design Capacity Design Capacity
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 10/12/2006 9:03 AM Recycle Mass Balance.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

Calibration Design Capacity Design Capacity Design Capacity

DETAILED CALCULATIONS:

RAW WASTEWATER (excluding Recycles)
o Plant Flow Rate, mgd 11.0 20.1 17.8 22.2 22.2 22.2 22.2 22.2
o Flow Characteristic Ratios

- Max Month/Annual Avg * 1 1 1.11 1.11 1.11 1.11 1.11 1.11 Default
- Peak 4-hr Wet-W Flow/Annual Avg * 2.0 1.9 2.0 1.9 1.9 1.9 1.9 1.9 Default
- Typical 4-hr Diurnal Peak/Daily Avg * 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 Default

o Wastewater Characteristics
- BOD, mg/L, Annual Average * 233 233 250 250 250 250 250 250 Default

-- Mass Load (lb/d) Peaking Factor * 1 1 1.25 1.25 1.25 1.25 1.25 1.25
-- Effective BOD, mg/L 233 233 282 282 282 282 282 282
"Effective" concentrations correspond to Peak Mass Loads with the flow rate used in the calculation

- TSS, mg/L, Annual Average * 232 232 250 250 250 250 250 250 Default
-- Mass Load (lb/d) Peaking Factor * 1 1 1.25 1.25 1.25 1.25 1.25 1.25
-- Effective TSS, mg/L 232 232 282 282 282 282 282 282

- Fpv, VSS fraction * 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 Default
-- Effective VSS, mg/L 192 192 234 234 234 234 234 234

- NH3-N, mg/L, Annual Average * 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 Default
-- Mass Load (lb/d) Peaking Factor * 1 1 1.25 1.25 1.25 1.25 1.25 1.25
-- Effective NH3-N, mg/L 21.0 21.0 23.6 23.6 23.6 23.6 23.6 23.6
Organic-N, mg/L, Annual Average * 14.5 14.5 14.5 14.5 14.5 14.5 14.5 14.5 Default
-- Mass Load (lb/d) Peaking Factor * 1 1 1.25 1.25 1.25 1.25 1.25 1.25
-- Effective Org-N, mg/L 14.5 14.5 16.3 16.3 16.3 16.3 16.3 16.3

- NO3-N, mg/L, Annual Average * 0 0 0 0 0 0 0 0 Default
- Alkalinity, mg/L, Annual Average * 250 250 250 250 250 250 250 250 Default
- Filterable ("soluble") BOD
 -- fraction, Fbf * 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 Default
 -- mg/L 58 58 70 70 70 70 70 70
- Fvu, Fraction VSS that is Unbiodeg * 0.600 0.600 0.600 0.600 0.600 0.600 0.600 0.600 Estimated
- Total Phosphorus, mg/L, Annual Average * 10.5 10.5 11.0 11.0 11.0 11.0 11.0 11.0 Default

-- Mass Load (lb/d) Peaking Factor * 1 1 1.25 1.25 1.25 1.25 1.25 1.25
-- Effective Total-P, mg/L 10.5 10.5 12.4 12.4 12.4 12.4 12.4 12.4
-- Fraction filterable ("soluble") * 0.33 0.33 0.32 0.32 0.32 0.32 0.32 0.32 Default
-- Filterable P, mg/L 3.50 3.50 3.94 3.94 3.94 3.94 3.94 3.94

o Design Temperature, deg. C
- Minimum (Winter) * 20 20 20 20 20 20 20 20 Default
- Maximum (Summer) * 29 29 29 29 29 29 29 29 Default
- Design * 24.9 24.9 20 20 20 20 20 20 Winter

RECYCLE TO HEADWORKS/PRIM CLAR.S
o Flow Rate, mgd

- Filter Backwash * 3.102 0.000 3.102 1.399 2.598 3.997 1.777 2.665 4.441 1.759 2.639 4.399
- Dewatering Filterate + Washwater/Centrate * 0.361 0.000 0.361 0.265 0.493 0.758 0.337 0.505 0.842 0.157 0.236 0.393
- Primary Sludge From Plant 1 * 0.000 0.766 0.000 1.232 0.000 1.441 0.000 1.397
- Total 3.462 0.766 1.664 4.323 2.114 4.612 1.917 4.273

o Wastewater Characteristics, mg/L
- Total Recycle

-- BOD 43 1,702 65 589 64 636 55 675
-- TSS 176 3,000 224 1,015 226 1,093 136 1,073
-- VSS 127 2,387 168 813 170 877 104 869
-- NH3-N 51 28 62 52 62 51 69 55
-- Organic-N 11 141 14 48 15 52 10 50
-- NO3/NO2-N 10 2 8 6 7 5 8 5
-- Alkalinity 313 265 347 321 346 318 369 333
-- Filterable ("soluble") BOD 4.2 45.2 6.3 23.0 6.3 24.6 5.2 24.8
-- Total soluble Organic N 2.3 0.0 2.5 1.8 2.5 1.7 2.5 1.7
-- Fpv, VSS fraction 0.72 0.80 0.75 0.80 0.75 0.80 0.77 0.81

- Fvu, Fraction VSS that is Unbiodeg * 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 Default
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 == CONFIDENTIAL == NOT FOR DISTRIBUTION ===

CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 10/12/2006 9:03 AM Recycle Mass Balance.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

Calibration Design Capacity Design Capacity Design Capacity

PRIMARY TREATMENT In Service In Service In Service In Service In Service In Service In Service In Service
o Flow Rate, mgd

- Raw Wastewater 11.0 20.1 17.8 22.2 22.2 22.2 22.2 22.2
- Recycle stream 3.46 0.77 1.66 4.32 2.11 4.61 1.92 4.27
- Total Influent 14.5 20.9 19.4 26.5 24.3 26.8 24.1 26.5

o Wastewater Characteristics, mg/L
- BOD 187 287 263 332 263 343 264 345
- TSS 218 333 277 401 277 421 270 409
- VSS 177 273 228 328 228 344 223 336
- NH3-N 28 21 27 28 27 28 27 29
- Organic-N 14 19 16 21 16 22 16 22
- NO3-N 2 0 1 1 1 1 1 1
- Alkalinity 265 251 258 262 258 262 259 263
- Filterable ("soluble") BOD 45 58 65 63 65 63 65 63
- Fpv, VSS fraction 0.81 0.82 0.82 0.82 0.82 0.82 0.83 0.82

o Basin dimensions (inside)
- Basins Set - 1,2,3,4
- Number of Basins * 4 4 4 4 4 4 4 4
- Number of Units in Service * 4 4 4 4 4 4 4 4
- Diameter, ft * 0 95 0 95 0 95 0 95
- Side Water Depth, ft * 9 9 9 9 9 9 9 9
- Surface Area per Basin, sf 2,704 7,088 2,704 7,088 2,704 7,088 2,704 7,088
- Surface Area in Service, sf 10,816 28,353 10,816 28,353 10,816 28,353 10,816 28,353
- Basins Set - 5,6
- Number of Basins * 2 0 2 0 2 0 2 0
- Number of Units in Service * 2 0 2 0 2 0 2 0
- Diameter, ft * 0 0 0 0 0 0 0 0
- Side Water Depth, ft * 9 0 9 0 9 0 9 0
- Surface Area per Basin, sf 6,050 0 6,050 0 6,050 0 6,050 0
- Surface Area in Service, sf 12,099 0 12,099 0 12,099 0 12,099 0
- Total Surface Area in Service, sf 22,915 28,353 22,915 28,353 22,915 28,353 22,915 28,353

o Surface Overflow Rate, gpd/sf
- At Design Flow 631 736 848 935 1,061 946 1,052 934
- At Diurnal Peak Flow 820 957 993 1,096 1,243 1,108 1,233 1,094
- At Peak WW Flow 1,278 1,409 1,493 1,614 1,830 1,631 1,816 1,611

o Detention Time, hr 1.2 2.2 0.9 1.7 0.7 1.7 0.7 1.7
o Chemically Enhanced Primary Treatment

- CEPT applied? [Y=1; N=0] * 0 0 0 0 0 0 0 0 Default
- Ferric Chloride dosage, mg/L as FeCl3 * 10 10 10 10 10 10 10 10 Default

-- FeCl3 used, lb/d 0 0 0 0 0 0 0 0
- Polymer dosage, mg/L * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Default

-- Polymer used, lb/d 0 0 0 0 0 0 0 0
- Chem Sludge Generated, lb/d 

-- Total, lb/d 0 0 0 0 0 0 0 0
- Alkalinity Reduction, mg/L 0 0 0 0 0 0 0 0

o Removal Efficiency, %
- BOD Removal, % 45.3 43.2 42.3 40.5 39.2 40.5 39.4 40.9
- TSS Removal, % 71.3 67.0 66.7 62.7 62.0 62.5 62.2 62.8
- Non-volatile SS %, Rpn 76.5 72.5 71.8 68.1 66.8 67.9 67.0 68.1
- Organic-N Removal, % 52.2 52.3 48.8 49.9 45.6 50.3 45.2 50.1

o Primary Sludge
- Solids removed, lb/d

-- Non-chemical primary solids 19,173 38,971 30,833 55,911 36,066 59,153 34,964 56,967
-- Chemical solids from CEPT 0 0 0 0 0 0 0 0
-- Total solids removed 19,173 38,971 58,144 30,833 55,911 86,744 36,066 59,153 95,219 34,964 56,967 91,932

- Concentration, % * 0.3 3.5 0.3 3.5 0.3 3.5 0.3 3.5 Default
- Flow Rate, mgd 0.766 0.134 1.232 0.192 1.441 0.203 1.397 0.195
- Organic N removed, lb/d 901 1,754 1,362 2,388 1,601 2,539 1,539 2,423

o Primary Effluent Flow, mgd 13.7 20.7 18.2 26.3 22.9 26.6 22.7 26.3
o Primary Effluent, mg/L

- BOD 102 163 152 197 160 204 160 204
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 == CONFIDENTIAL == NOT FOR DISTRIBUTION ===

CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 10/12/2006 9:03 AM Recycle Mass Balance.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

Calibration Design Capacity Design Capacity Design Capacity

- TSS 63 110 92 149 105 158 102 152
- VSS 53 94 78 126 89 133 87 129
- NH3-N 28.2 21.3 27.0 28.3 26.9 28.3 27.2 28.7
- Organic-N 6.54 9.13 8.28 10.78 8.81 11.13 8.68 10.86
- NO3-N 2.4 0.1 0.7 1.0 0.6 0.9 0.6 0.9
- Alkalinity 265 251 258 262 258 262 259 263
- Filterable ("soluble") BOD 45 58 65 63 65 63 65 63

RECYCLE TO ACTIVATED SLUDGE
o Flow Rate, mgd

- DAF Underflow * 0.000 0.431 0.431 0.000 0.920 0.920 0.000 0.611 0.611 0.000 0.583 0.583
- Stream 2 * 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
- Stream 3 * 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
- Spray Water to Basins * 0.033 0.060 0.048 0.060 0.060 0.060 0.060 0.060 Default
- Total 0.033 0.491 0.048 0.980 0.060 0.671 0.060 0.643

o Wastewater Characteristics, mg/L
- Total Recycle

-- BOD 0 83 0 136 0 228 0 227
-- TSS 0 371 0 407 0 693 0 693
-- VSS 0 309 0 346 0 587 0 589
-- NH3-N 0 0 0 0 0 0 0 0
-- Organic-N 0 24 0 28 0 47 0 47
-- NO3-N 0 9 0 8 0 7 0 8
-- Alkalinity 0 120 0 126 0 124 0 122
-- Filterable ("soluble") BOD 0.0 0.7 0.0 1.1 0.0 1.1 0.0 1.1
-- Total soluble Organic N 0.0 1.9 0.0 2.2 0.0 2.1 0.0 2.1
-- Fpv, VSS fraction 0.00 0.83 0.00 0.85 0.00 0.85 0.00 0.85

- Fvu, Fraction VSS that is Unbiodeg * 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 Default

ACTIVATED SLUDGE PROCESS
o Flow Rate, mgd

- Main-Stream Influent 13.70 20.73 18.19 26.33 22.87 26.61 22.72 26.28
- Recycle directly to AS 0.03 0.49 0.05 0.98 0.06 0.67 0.06 0.64
- Total to Activated Sludge 13.73 21.22 18.24 27.31 22.93 27.28 22.78 26.92

o Influent Characteristics, mg/L
- Total BOD 102 161 151 195 159 204 159 205
- TSS 62 116 92 159 105 171 102 165
- VSS 53 99 78 134 89 144 86 140
- NH3-N 28 21 27 27 27 28 27 28
- Organic-N 7 9 8 11 9 12 9 12
- NO3-N 2 0 1 1 1 1 1 1
- Alkalinity 264 248 258 257 258 258 259 260
- Filterable ("soluble") BOD 45 56 65 60 65 61 65 62
- Fpv, VSS fraction 0.84 0.85 0.85 0.84 0.85 0.84 0.85 0.85
- AB Influent D.O. Concentration, mg/L 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

o Basin dimensions
- Main Basins For MBR, MBR

-- No. of Basins * 4 6 4 6 4 6 4 6 enter 0
-- Number of Units in Service * 4 6 4 6 4 6 4 6 Basin 0
-- Length, ft (inside) * 200 250 200 250 200 250 200 250 dimen.s 0
-- Width, ft (inside) * 40 40 40 40 40 40 40 40 in the 0
-- Side Water Depth, ft * 16.9 17.5 16.9 17.5 16.9 17.5 16.9 17.5 MBR 0

.. Recomm inside Wall height, incl. Freeboard, ft 19.9 20.5 19.9 20.5 19.9 20.5 19.9 20.5 section 3
-- Liquid Volume per Basin, mil gal 1.01 1.31 1.01 1.31 1.01 1.31 1.01 1.31 (not HERE) 0.00

- Supplemental Basins or Sections
-- Identification * calcs Membrn Zn
-- No. of Basins * 0 0 0 0 0 0 0 0 0
-- Number of Units in Service * 0 0 0 0 0 0 0 0 into 0
-- Length, ft (inside) * 200 200 200 200 200 200 200 200 < - - these 0
-- Width, ft (inside) * 100 100 100 100 100 100 100 100 columns 0
-- Side Water Depth, ft * 17 17 17 17 17 17 17 17 0
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 10/12/2006 9:03 AM Recycle Mass Balance.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

Calibration Design Capacity Design Capacity Design Capacity

-- Volume per Basin, mil gal 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54 0.00
o Total Volume of Basins, mil gal

- Total Basin volume in service 4.05 7.85 4.05 7.85 4.05 7.85 4.05 7.85
-- Reduction for MBR cassettes 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

- Biological Reaction Volume 4.05 7.85 4.05 7.85 4.05 7.85 4.05 7.85
o Aerated Zone BOD Loading, lb/1,000 cf-day 28.5 32.9 56.0 50.7 74.3 52.9 73.8 52.3
o Hydraulic Detention Time, hr 7.07 8.88 5.32 6.90 4.23 6.91 4.26 7.00
o Selected Operating L-P MLSS, mg/L 2,858 3,173 2,782 2,327 3,500 2,500 3,500 2,500

PROCESS LAYOUT
o Zone Sizes (Fraction of Total Volume) Selected

- Zone 1 * 0.125 0.186 0.125 0.186 0.125 0.186 0.125 0.186 For MBR, 0.000
- Zone 2 * 0.125 0.214 0.125 0.214 0.125 0.214 0.125 0.214 Copy 0.000
- Zone 3 * 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 & Paste 0.000
- Zone 4 * 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 these - - > 0.000
- Zone 5 * 0.000 0.200 0.250 0.200 0.250 0.200 0.250 0.200 calcs into 0.000
- Zone 6 * 0.330 0.200 0.250 0.200 0.250 0.200 0.250 0.200 < - - these 0.000
- Zone 7 (by difference) 0.420 0.200 0.250 0.200 0.250 0.200 0.250 0.200 columns 0.000

-- Total 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.000
o DO in each Zone (Unaerated, Set = 0), mg/L

- Zone 1 * 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 For MBR, 0.0
- Zone 2 * 0.0 2.0 0.0 2.5 0.0 2.0 0.0 2.0 Adjust 2.0
- Zone 3 * 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 D.O. as 2.0
- Zone 4 * 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 needed, 2.0
- Zone 5 * 2.0 2.0 2.0 2.3 2.5 2.0 2.5 2.0 except for 2.0
- Zone 6 * 2.5 2.0 2.5 2.0 2.5 2.0 2.5 2.0 Zone 7 2.0
- Zone 7 * 2.5 2.0 2.5 2.0 2.5 2.0 2.5 2.0  < - - copy 0.0

o Aerated/Unaerated Fractions
- Total Unaerated Volume Fraction 0.25 0.19 0.25 0.19 0.25 0.19 0.25 0.19

-- Total Unaerated Volume, mil gal 1.01 1.46 1.01 1.46 1.01 1.46 1.01 1.46
- Total Aerated Volume Fraction 0.75 0.81 0.75 0.81 0.75 0.81 0.75 0.81

-- Total Aerated Volume, mil gal 3.03 6.39 3.03 6.39 3.03 6.39 3.03 6.39
- Total Aerated Mass Fraction 0.75 0.81 0.75 0.81 0.75 0.81 0.75 0.81

o Plant Influent Flow Routing
- Fraction to Zone 1 * 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Default
- Fraction to Zone 2 * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Default
- Fraction to Zone 3 * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Default
- Fraction to Zone 4 * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Default
- Fraction to Zone 5 * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Default
- Remainder to Zone 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

o Return Sludge Routing
- Fraction to Zone 1 * 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Default
- Fraction to Zone 2 * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Default
- Remainder to Zone 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

o Mixed-Liquor Recirculation Routing
- MLR Taken from Zone (3, 4, 5, 6, 7) * 7 7 7 7 7 7 7 7 Default
- MLR Returned to Zone (1, 2, 3, 4, 5) * 1 1 1 1 1 1 1 1 Default
- MLR Flow, mgd 40.00 44.00 40.00 44.00 40.00 44.00 40.00 44.00
- MLR Ratio 2.91 2.07 2.19 1.61 1.74 1.61 1.76 1.63

o Sludge Wasting Method For MBR,
- Wasting from RAS (1) or ML (0) * 1 1 1 1 1 1 1 1  < - - copy 0 Default

-- If ML, Waste taken from Zone # (1, 2, - - 7) * (RAS) (RAS) (RAS) (RAS) (RAS) (RAS) (RAS) (RAS)  < - - copy 7 Default

LOADING CRITERIA
o BOD Applied, lb/d

- Total Influent 11,692 28,475 23,025 44,442 30,479 46,492 30,273 45,946
- (-) WAS Recycled 139 341 293 1,113 339 1,277 339 1,220
- Net BOD Load 11,553 28,134 22,732 43,330 30,140 45,215 29,933 44,726

o MLSS under aeration, lb 72,332 169,267 70,375 123,943 88,531 133,144 88,535 133,162
- F/M, lb BOD Appl./lb MLSS-day 0.16 0.17 0.32 0.35 0.34 0.34 0.34 0.34

o Organic Loading, Based on Aerated Zone
- Aerated Volume in Service, 1,000 cf 406 855 406 855 406 855 406 855
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 10/12/2006 9:03 AM Recycle Mass Balance.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

Calibration Design Capacity Design Capacity Design Capacity

- Aer. BOD Loading, lb BOD/1000 cf-day 28.5 32.9 56.0 50.7 74.3 52.9 73.8 52.3
o Unaerated Zone

- Actual HRT (Throughflow), hr 0.39 0.44 0.35 0.42 0.34 0.44 0.35 0.44
- Mixing Power, total

-- Total BHP, all Unaerated Zones * 35.4 51.1 35.4 51.1 35.4 51.1 35.4 51.1
-- Mixing, hp/mil gal 35 35 35 35 35 35 35 35

ACTIVATED SLUDGE - ZONE 1 Un-Aer Un-Aer Un-Aer Un-Aer Un-Aer Un-Aer Un-Aer Un-Aer
o Zone Volume, mil gal 1 0.506 1.461 0.506 1.461 0.506 1.461 0.506 1.461
o Flows Entering, mgd 1

- Plant Influent Flow 1 13.73 21.22 18.24 27.31 22.93 27.28 22.78 26.92
- RAS Stream 1 8.59 15.05 10.97 12.48 7.62 8.62 7.57 8.51
- ML Recirculation 1 40.00 44.00 40.00 44.00 40.00 44.00 40.00 44.00
- Total Flow to this Zone 1 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43

o ML Flow removed from this Zone, mgd 1
- ML Recirculated to Other Zones 1 n/a n/a n/a n/a n/a n/a n/a n/a
- ML Wasted from this Zone 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Other ML Flow removed from this Zone * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Net ML Flow to Next Zone, mgd 1 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43

o HRT in this Zone 1
- Hydraulic Detention time, Actual, hr 1 0.19 0.44 0.18 0.42 0.17 0.44 0.17 0.44

o Effluent from this Zone 1
-- MLSS, mg/L 1 2,859 3,174 2,779 2,318 3,495 2,490 3,496 2,491
-- NH3-N, mg/L 1 6.04 5.55 7.04 9.07 8.69 9.60 8.73 9.62
-- NO3-N, mg/L 1 12.83 0.75 3.92 1.89 2.11 1.15 2.27 1.43
-- D.O., mg/L 1 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00

o Biological Growth Summary 1
- Increase in VSS, lb/d 1 1,427 2,313 2,919 3,946 3,703 3,851 3,710 3,871
- Increase in ISS, lb/d 1 131 230 259 382 327 378 327 377

ACTIVATED SLUDGE - ZONE 2 Un-Aer Aerated Un-Aer Aerated Un-Aer Aerated Un-Aer Aerated
o Zone Volume, mil gal 2 0.506 1.681 0.506 1.681 0.506 1.681 0.506 1.681
o Flows Entering, mgd 2

- Throughflow 2 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43
- Plant Influent to this Zone 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- RAS Stream 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- ML Recirculation 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Total Flow to this Zone 2 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43

o ML Flow removed from this Zone, mgd 2
- ML Recirculated to Other Zones 2 n/a n/a n/a n/a n/a n/a n/a n/a
- ML Wasted from this Zone 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Other ML Flow removed from this Zone * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Net ML Flow to Next Zone, mgd 2 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43

o HRT in this Zone 2
- Hydraulic Detention time, Actual, hr 2 0.19 0.50 0.18 0.48 0.17 0.50 0.17 0.51

o Effluent from this Zone 2
-- MLSS, mg/L 2 2,859 3,175 2,779 2,322 3,496 2,494 3,496 2,494
-- NH3-N, mg/L 2 6.22 1.86 7.22 6.09 8.91 6.44 8.94 6.33
-- NO3-N, mg/L 2 11.92 3.93 2.57 4.12 0.60 3.46 0.74 3.89
-- D.O., mg/L 2 0.00 2.00 0.00 2.50 0.00 2.00 0.00 2.00

o Biological Growth Summary 2
- Increase in VSS, lb/d 2 -72 574 284 2,033 199 2,067 209 1,976
- Increase in ISS, lb/d 2 1 252 36 463 35 486 35 469

ACTIVATED SLUDGE - ZONE 3 N.I.S. N.I.S. N.I.S. N.I.S. N.I.S. N.I.S. N.I.S. N.I.S.
o Zone Volume, mil gal 3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
o Flows Entering, mgd 3

- Throughflow 3 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43
- Plant Influent to this Zone 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- RAS Stream 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- ML Recirculation 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 10/12/2006 9:03 AM Recycle Mass Balance.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

Calibration Design Capacity Design Capacity Design Capacity

- Total Flow to this Zone 3 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43
o ML Flow removed from this Zone, mgd 3

- ML Recirculated to Other Zones 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- ML Wasted from this Zone 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Other ML Flow removed from this Zone * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Net ML Flow to Next Zone, mgd 3 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43

o HRT in this Zone 3
- Hydraulic Detention time, Actual, hr 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

o Effluent from this Zone 3
-- MLSS, mg/L 3 2,859 3,175 2,779 2,322 3,496 2,494 3,496 2,494
-- NH3-N, mg/L 3 6.22 1.86 7.22 6.09 8.91 6.44 8.94 6.33
-- NO3-N, mg/L 3 11.92 3.93 2.57 4.12 0.60 3.46 0.74 3.89
-- D.O., mg/L 3 0.00 2.00 0.00 2.50 0.00 2.00 0.00 2.00

o Biological Growth Summary 3
- Increase in VSS, lb/d 3 0 0 0 0 0 0 0 0
- Increase in ISS, lb/d 3 0 0 0 0 0 0 0 0

ACTIVATED SLUDGE - ZONE 4 N.I.S. N.I.S. N.I.S. N.I.S. N.I.S. N.I.S. N.I.S. N.I.S.
o Zone Volume, mil gal 4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
o Flows Entering, mgd 4

- Throughflow 4 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43
- Plant Influent to this Zone 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- ML Recirculation 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Total Flow to this Zone 4 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43

o ML Flow removed from this Zone, mgd 4
- ML Recirculated to Other Zones 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- ML Wasted from this Zone 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Other ML Flow removed from this Zone * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Net ML Flow to Next Zone, mgd 4 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43

o HRT in this Zone 4
- Hydraulic Detention time, Actual, hr 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

o Effluent from this Zone 4
-- MLSS, mg/L 4 2,859 3,175 2,779 2,322 3,496 2,494 3,496 2,494
-- NH3-N, mg/L 4 6.22 1.86 7.22 6.09 8.91 6.44 8.94 6.33
-- NO3-N, mg/L 4 11.92 3.93 2.57 4.12 0.60 3.46 0.74 3.89
-- D.O., mg/L 4 0.00 2.00 0.00 2.50 0.00 2.00 0.00 2.00

o Biological Growth Summary 4
- Increase in VSS, lb/d 4 0 0 0 0 0 0 0 0
- Increase in ISS, lb/d 4 0 0 0 0 0 0 0 0

ACTIVATED SLUDGE - ZONE 5 N.I.S. Aerated Aerated Aerated Aerated Aerated Aerated Aerated
o Zone Volume, mil ga 5 0.000 1.571 1.011 1.571 1.011 1.571 1.011 1.571
o Flows Entering, mgd 5

- Throughflow 5 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43
- Plant Influent to this Zone 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- ML Recirculation 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Total Flow to this Zone 5 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43

o ML Flow removed from this Zone, mgd 5
- ML Recirculated to Other Zones 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- ML Wasted from this Zone 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Other ML Flow removed from this Zone * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Net ML Flow to Next Zone, mgd 5 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43

o HRT in this Zone 5
- Hydraulic Detention time, Actual, h 5 0.00 0.47 0.35 0.45 0.34 0.47 0.35 0.47

o Effluent from this Zone 5
-- MLSS, mg/L 5 2,859 3,175 2,781 2,324 3,498 2,496 3,498 2,497
-- NH3-N, mg/L 5 6.22 0.34 3.92 3.61 4.92 3.79 4.84 3.59
-- NO3-N, mg/L 5 11.92 5.23 5.41 6.06 3.97 5.49 4.24 6.03
-- D.O., mg/L 5 0.00 2.00 2.00 2.25 2.50 2.00 2.50 2.00

o Biological Growth Summary 5
- Increase in VSS, lb/d 5 0 -187 501 1,322 839 1,395 786 1,292
- Increase in ISS, lb/d 5 0 162 202 370 288 393 278 375
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 10/12/2006 9:03 AM Recycle Mass Balance.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

Calibration Design Capacity Design Capacity Design Capacity

ACTIVATED SLUDGE - ZONE 6 Aerated Aerated Aerated Aerated Aerated Aerated Aerated Aerated
o Zone Volume, mil ga 6 1.335 1.571 1.011 1.571 1.011 1.571 1.011 1.571
o Flows Entering, mgd 6

- Throughflow 6 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43
- Plant Influent to this Zone 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Total Flow to this Zone 6 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43

o ML Flow removed from this Zone, mgd 6
- ML Recirculated to Other Zones 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- ML Wasted from this Zone 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Other ML Flow removed from this Zone * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Net ML Flow to Next Zone, mgd 6 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43

o HRT in this Zone 6
- Hydraulic Detention time, Actual, h 6 0.51 0.47 0.35 0.45 0.34 0.47 0.35 0.47

o Effluent from this Zone 6
-- MLSS, mg/L 6 2,860 3,175 2,782 2,326 3,499 2,499 3,499 2,499
-- NH3-N, mg/L 6 0.90 0.07 1.34 1.61 1.72 1.63 1.61 1.43
-- NO3-N, mg/L 6 16.90 5.45 7.67 7.63 6.70 7.17 7.02 7.75
-- D.O., mg/L 6 2.50 2.00 2.50 2.00 2.50 2.00 2.50 2.00

o Biological Growth Summary 6
- Increase in VSS, lb/d 6 -24 -696 346 994 664 1,058 600 935
- Increase in ISS, lb/d 6 107 100 181 327 262 348 252 328

ACTIVATED SLUDGE - ZONE 7 Aerated Aerated Aerated Aerated Aerated Aerated Aerated Aerated
o Zone Volume, mil gal 7 1.699 1.571 1.011 1.571 1.011 1.571 1.011 1.571
o Flows Entering, mgd 7

- Throughflow 7 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43
- (-) Removed as MBR Filtrate [Note] 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Total Flow to this Zone 7 62.31 80.28 69.21 83.80 70.55 79.91 70.35 79.43

o ML Flow removed from this Zone (excl.MBR Filtr) 7
- ML Recirculated to Other Zones 7 40.00 44.00 40.00 44.00 40.00 44.00 40.00 44.00
- ML Wasted from this Zone 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Other ML Flow removed from this Zone * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Net Flow to Next Zone, mgd 7 22.31 36.28 29.21 39.80 30.55 35.91 30.35 35.43

o HRT in this Zone 7
- Hydraulic Detention time, Actual, hr 7 0.65 0.47 0.35 0.45 0.34 0.47 0.35 0.47

o Effluent from this Zone 7
-- MLSS, mg/L 7 2,858 3,173 2,782 2,327 3,500 2,500 3,500 2,500
-- NH3-N, mg/L 7 0.07 0.05 0.26 0.46 0.31 0.44 0.27 0.35
-- NO3-N, mg/L 7 17.70 5.55 8.55 8.48 7.81 8.05 8.08 8.53
-- D.O., mg/L 7 2.50 2.00 2.50 2.00 2.50 2.00 2.50 2.00

o Biological Growth Summary 7
- Increase in VSS, lb/d 7 -851 -1,070 30 632 285 664 208 517
- Increase in ISS, lb/d 7 70 43 151 284 227 300 216 279

WAS SOLIDS PRODUCTION
o P-Removal

- Include P-Removal in Calc? (Y=1, N=0) * 0 0 0 0 0 0 0 0
o Solids Production, TSS, lb/d

- TSS Entering in Feed, lb/d 7,647 21,546 14,874 37,659 21,182 40,467 20,451 38,627
- VSS Change in A.B. Zones 480 933 4,080 8,928 5,690 9,035 5,515 8,591
- ISS Change in A.B. Zones 308 788 829 1,826 1,138 1,905 1,107 1,829
- ISS due to Bio-P (Est.), lb/d 0 0 0 0 0 0 0 0
- Unbiodeg VSS due to Bio-P (Est.), lb/d 0 0 0 0 0 0 0 0
- Total Solids Production, lb/d 8,435 23,267 19,784 48,413 28,009 51,407 27,073 49,046

MLSS CHARACTERISTICS
o Mixed Liquor Components, mg TSS/L

- Solids, mg TSS/L
-- Slowly Biodegradable 14 14 29 31 40 32 39 31
-- Active Biomass 832 939 1,217 992 1,513 1,049 1,515 1,049
-- Endogenous Biomass 485 435 252 140 277 149 287 156
-- Nitrifiers 63 33 51 27 58 28 60 29
-- Unbiodegradable VSS (Influent + Bio-P) 991 1,239 832 803 1,094 881 1,089 881
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 10/12/2006 9:03 AM Recycle Mass Balance.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

Calibration Design Capacity Design Capacity Design Capacity

-- Inorganic SS (influent + Biogrowth) 482 534 409 358 526 388 519 382
-- Inorganic SS due to Bio-P (est.) 0 0 0 0 0 0 0 0
-- Total Last-Pass MLSS 2,867 3,194 2,790 2,351 3,509 2,527 3,509 2,527
-- Total Soluble Organic N (SolOrgN) 2.2 2.0 2.3 2.4 2.3 2.4 2.3 2.3
-- Alkalinity, mg/L as CaCO3 109.3 154.7 134.3 134.9 137.1 136.3 136.0 134.2

o Org N fraction of MLVSS (NinVSS) 0.080 0.079 0.082 0.082 0.081 0.082 0.081 0.081
o MLVSS Fraction 0.83 0.83 0.85 0.85 0.85 0.85 0.85 0.85
o BOD of AS Solids

- BOD/TSS ratio 0.23 0.22 0.34 0.33 0.34 0.32 0.34 0.32

SOLIDS RETENTION TIME, SRT
o Total Solids Wasted, lb/d 8,435 23,267 19,784 48,413 28,009 51,407 27,073 49,046

- Recycled WAS Solids, lb/d 254 1,522 379 3,328 481 3,879 474 3,715
- Net lb Solids Yield/day 8,182 21,745 19,404 45,085 27,529 47,528 26,599 45,331

o Total BOD Load, lb/d 11,553 28,134 22,732 43,330 30,140 45,215 29,933 44,726
- Recycled BOD, lb/d 139 341 293 1,113 339 1,277 339 1,220
- Net BOD Load, lb/d 11,414 27,793 22,439 42,217 29,801 43,938 29,594 43,506

o Solids Production
- lb Dry SS/lb BOD Applied 0.717 0.782 0.865 1.068 0.924 1.082 0.899 1.042

o Total Mass TSS in System, lb 96,448 207,940 93,814 152,184 118,013 163,480 118,019 163,507
- Total SRT (Rs), days 11.79 9.56 4.83 3.38 4.29 3.44 4.44 3.61

o Total Mass TSS in Aerated Zones, lb 72,332 169,267 70,375 123,943 88,531 133,144 88,535 133,162
- Nominal Aerated Mass Fraction 0.750 0.814 0.750 0.814 0.750 0.814 0.750 0.814
- Nominal Aerobic SRT, days 8.84 7.78 3.63 2.75 3.22 2.80 3.33 2.94

o Mass Fraction in Each Zone
- Zone 1 0.125 0.186 0.125 0.186 0.125 0.186 0.125 0.186
- Zone 2 0.125 0.214 0.125 0.214 0.125 0.214 0.125 0.214
- Zone 3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
- Zone 4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
- Zone 5 0.000 0.200 0.250 0.200 0.250 0.200 0.250 0.200
- Zone 6 0.330 0.200 0.250 0.200 0.250 0.200 0.250 0.200
- Zone 7 0.420 0.200 0.250 0.200 0.250 0.200 0.250 0.200

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
o Min. Aer. SRT recommended for 

nitrification, days 3.1 3.1 4.2 4.2 4.1 4.2 4.1 4.2
- Washout SRT(total)

-- Rwashout = 1/(Ua*DOsw - ba) 1.48 1.38 2.26 2.04 2.24 2.07 2.24 2.07
- Recommended Aerobic SRT

-- Max slope criterion, dNH3/dSRT, mg/L-d * 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
-- Recomm. Min. Operating SRT(total) 4.1 3.9 5.6 5.1 5.5 5.2 5.5 5.2
-- Recomm. Min. Operating SRT(Nominal aerobic) 3.1 3.1 4.2 4.2 4.1 4.2 4.1 4.2
-- Nitrification Safety Factor 2.74 2.79 2.46 2.52 2.47 2.51 2.47 2.51

AERATION REQUIREMENTS
o Oxygen Required, lb/d

- Net Oxygen Demand in Zone 1 0 0 0 0 0 0 0 0
- Net Oxygen Demand in Zone 2 0 19,045 0 18,275 0 18,313 0 18,539
- Net Oxygen Demand in Zone 3 0 0 0 0 0 0 0 0
- Net Oxygen Demand in Zone 4 0 0 0 0 0 0 0 0
- Net Oxygen Demand in Zone 5 0 11,055 14,265 14,291 17,842 15,001 18,050 15,133
- Net Oxygen Demand in Zone 6 17,838 7,599 11,744 12,862 14,534 13,613 14,557 13,498
- Net Oxygen Demand in Zone 7 8,219 6,792 7,815 10,508 10,159 10,907 9,923 10,465
- (-) Oxygen provided by MBR Scouring 0 0 0 0 0 0 0 0
- Total Oxygen required lb/d 26,058 44,490 33,824 55,936 42,535 57,834 42,530 57,635

o Diffuser Analysis 26,058 44,490 33,964 56,243 42,715 58,144
Note:

All values of air and blower requirements
given below are preliminary estimates,
to be refined during detailed design

o Oxygen Transfer Efficiency [EDI] [EDI] [EDI] [EDI] [EDI] [EDI] [EDI] [EDI]
- Diffuser Type Mini- Mini- Mini- Mini- Mini- Mini- Mini- Mini-

Panel Panel Panel Panel Panel Panel Panel Panel
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 10/12/2006 9:03 AM Recycle Mass Balance.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

Calibration Design Capacity Design Capacity Design Capacity

- Aeration Basin D.O. (Avg), mg/L 2.5 2.0 2.3 2.2 2.5 2.0 2.5 2.0
- Design Water Temperature, C 29 29 29 29 29 29 29 29 Summer
- Diffuser submergence, ft 15.9 16.5 15.9 16.5 15.9 16.5 15.9 16.5
- Air loading, scfm/unit [Note] 1.00 1.00 1.25 1.25 1.25 1.25 1.25 1.25

scfm/sf scfm/sf scfm/sf scfm/sf scfm/sf scfm/sf scfm/sf scfm/sf
- Floor Coverage 25.5 20.9 34.6 28.8 46.8 28.8 46.5 28.5

%Actv A %Actv A %Actv A %Actv A %Actv A %Actv A %Actv A %Actv A
- Clean Water SOTE * 37.0 37.9 36.2 37.1 36.2 37.1 36.2 37.1 Mfr. lit.
- Site Conditions Adjustment Factor

 F = Actual / Standard OTE
-- Alpha factor, including fouling 0.63 0.59 0.48 0.45 0.46 0.45 0.46 0.45 Estimate
-- Theta factor * 1.024 1.024 1.024 1.024 1.024 1.024 1.024 1.024 Default
-- Temp. correction, Tau 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
-- Elevation above MSL, ft * 695 695 695 695 695 695 695 695 Site
-- ..Pressure correction, Omega 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
-- Beta factor * 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 Default
-- Equilibrium C*20 10.64 10.70 10.64 10.70 10.64 10.70 10.64 10.70

..Depth Adjustment Factor * 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 Default
- F = Alpha x [Theta ^(T-20)] 0.46 0.46 0.36 0.34 0.33 0.35 0.33 0.35

  x (Tau Beta Omega C*20 - C)/C*20
- Oxygen Transfer Efficiency 16.87 17.26 12.88 12.61 11.99 13.02 12.07 13.13

OTE = F x SOTE Percent Percent Percent Percent Percent Percent Percent Percent
Preliminary Estimate

o Surface Aerators #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
- Oxygen to be transferred, lb/hr
- Aerator hp required

 [Ox. Requ.d/Eff.]
- Peaking factor *
- Aerator hp Installed

o SOTR Required
- Average Day @ Design flow

-- Actual Ox Tr Requd, AOTR, lb/d 26,058 44,490 33,824 55,936 42,535 57,834 42,530 57,635
-- Site Conditions Adjustment, F 0.46 0.46 0.36 0.34 0.33 0.35 0.33 0.35
-- Standard Ox Tr Rate, SOTR, lb/d 57,121 97,615 95,143 164,624 128,551 164,819 127,639 162,921

SOTR = AOTR / F
o Air Supply Required

- Average Day @ Design flow
-- Ox Transfer Rate, AOTR, lb/d 26,058 44,490 33,824 55,936 42,535 57,834 42,530 57,635
-- Oxygen Supplied, lb/min 107.2 179.0 182.4 308.1 246.4 308.4 244.6 304.9
-- cf Air/lb Oxygen 57.0 57.0 57.0 57.0 57.0 57.0 57.0 57.0

 [23.3 lb O2/100 lb Air]
 [0.0753 lb Air/scf]

-- Process Air, scfm 6,110 10,200 10,390 17,560 14,040 17,580 13,940 17,380
..scfm per lb/d Oxygen 0.234 0.229 0.307 0.314 0.330 0.304 0.328 0.302
..scf/lb BOD Applied 762 522 658 584 671 560 671 560

-- Other Uses, e.g. Channel Air * 800 1,100 1,100 1,200 1,200 1,200 1,200 1,200 Default
-- Total Blower Air, scfm 6,910 11,300 11,490 18,760 15,240 18,780 15,140 18,580

- Peak Day @ Design Flow
-- Peaking factor * 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 Default
-- Process Air, scfm 7,900 13,300 13,500 22,800 18,300 22,900 18,100 22,600
-- Total Blower Air, scfm 8,700 14,400 14,600 24,000 19,500 24,100 19,300 23,800

o Diffusers
- Expressed as active sq ft or # diffusers sq ft sq ft sq ft sq ft sq ft sq ft sq ft sq ft 
- Recommended

-- Air Loading, scfm/(sf or dfr) 1.00 1.00 1.25 1.25 1.25 1.25 1.25 1.25
-- Number recommended per Basin 1,528 1,701 2,079 2,341 2,809 2,344 2,789 2,317

- Actual Installed, per basin
-- Main Basin * 1,528 1,701 2,079 2,341 2,809 2,344 2,789 2,317
-- Additional Basin * 0 0 0 0 0 0 0 0

- Total Installed, sf or dfr 6,112 10,203 8,315 14,047 11,235 14,063 11,155 13,902
- Air Loading, scfm/sf or dfr

-- Daily Average 1.00 1.00 1.25 1.25 1.25 1.25 1.25 1.25
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 10/12/2006 9:03 AM Recycle Mass Balance.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

Calibration Design Capacity Design Capacity Design Capacity

- Floor Coverage
-- Total Basin Floor Area in Service, sf 32,000 60,000 32,000 60,000 32,000 60,000 32,000 60,000
-- Total Aerated Floor Area in service 24,000 48,840 24,000 48,840 24,000 48,840 24,000 48,840
-- Coverage 25.5 20.9 34.6 28.8 46.8 28.8 46.5 28.5

.. Expressed as %Actv A %Actv A %Actv A %Actv A %Actv A %Actv A %Actv A %Actv A
- Active sf/diffuser, or 1 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54
- Number of diffuser units 2,406 4,017 3,274 5,530 4,423 5,537 4,392 5,473

o Blower Discharge pressure
- Head, ft water

-- Submergence 15.9 16.5 15.9 16.5 15.9 16.5 15.9 16.5
-- Freeboard above normal op level 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
-- Diffuser head loss 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
-- Pipe & Valve friction 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
-- Total Head, ft 19.9 20.5 19.9 20.5 19.9 20.5 19.9 20.5

- Discharge pressure, psig 8.6 8.9 8.6 8.9 8.6 8.9 8.6 8.9
o Delivered Horsepower

- Max Operating Air Temp, C * 34 34 34 34 34 34 34 34 Default
- Barometric Pressure, psia 14.3 14.3 14.3 14.3 14.3 14.3 14.3 14.3
- Blower Suction Pressure, psia 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0
- Daily Average Total Air, scfm 6,910 11,300 11,490 18,760 15,240 18,780 15,140 18,580
- Avg Delivered Horsepower, hp 245 411 408 682 541 683 537 676
- Peak Day Delivered hp 309 524 518 873 692 876 685 865

o Wire power required
- Energy Efficiency, % * 61.0 61.0 61.0 61.0 61.0 61.0 61.0 61.0 Default
- Wire power required, hp

-- Daily Average 400 670 670 1,120 890 1,120 880 1,110
-- Firm Installed 510 860 850 1,430 1,130 1,440 1,120 1,420

SECONDARY SEDIMENTATION BASINS
o Flow Rates, mgd

- AS Influent, Q 13.73 21.22 18.24 27.31 22.93 27.28 22.78 26.92
- Net Sed. Basin Inflow (excl. RAS), Qci 13.73 21.22 18.24 27.31 22.93 27.28 22.78 26.92
- Return Sludge Flow, Qr 8.59 15.05 10.97 12.48 7.62 8.62 7.57 8.51
 (not including waste sludge flow)
- Total Sed Basin Inflow 22.31 36.28 29.21 39.80 30.55 35.91 30.35 35.43
- Total Sed. Basin Underflow 8.71 15.42 11.29 13.30 7.86 9.25 7.80 9.11
- Net Sec. Effluent, Qe 13.60 20.86 17.92 26.49 22.69 26.66 22.55 26.33

o Basin dimensions
- Group 1 *

-- No. of Basins * 4 2 4 2 4 2 4 2
-- Number of Units in Service * 4 2 4 2 4 2 4 2
-- Diameter, ft (inside) * 0 130 0 130 0 130 0 130
-- Side Water Depth, ft * 11.9 14.0 11.9 14.0 11.9 14.0 11.9 14.0
-- Surface Area per Basin, sf 8,800 13,273 8,800 13,273 8,800 13,273 8,800 13,273
-- Volume per Basin, cf 104,720 185,825 104,720 185,825 104,720 185,825 104,720 185,825

- Group 2 *
-- No. of Basins * 0 2 0 2 0 2 0 2
-- Number of Units in Service * 0 2 0 2 0 2 0 2
-- Diameter, ft (inside) * 120 100 120 100 120 100 120 100
-- Side Water Depth, ft * 14.0 10.3 14.0 10.3 14.0 10.3 14.0 10.3
-- Surface Area per Basin, sf 11,310 7,854 11,310 7,854 11,310 7,854 11,310 7,854
-- Volume per Basin, cf 158,336 80,503 158,336 80,503 158,336 80,503 158,336 80,503

o Flow Split
- Fraction of ML Flow to Group 1:

-- Fraction based on Surface Area 1.00 0.63 1.00 0.63 1.00 0.63 1.00 0.63
-- Fraction selected * 1.00 0.63 1.00 0.63 1.00 0.63 1.00 0.63

- Effective (Flow-weighted) SWD, ft 11.90 12.61 11.90 12.61 11.90 12.61 11.90 12.61
o Surface Overflow Rate

- Group 1
-- Surface Area in service, sf 35,200 26,546 35,200 26,546 35,200 26,546 35,200 26,546
-- Surface Overflow Rate, gpd/sf 386 494 509 627 645 631 641 623

- Group 2
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 10/12/2006 9:03 AM Recycle Mass Balance.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

Calibration Design Capacity Design Capacity Design Capacity

-- Surface Area in service, sf 0 15,708 0 15,708 0 15,708 0 15,708
-- Surface Overflow Rate, gpd/sf 0 494 0 627 0 631 0 623

o Solids Loading Rate, lb/day-sf
- Group 1 15 23 19 18 25 18 25 17
- Group 2 0 23 0 18 0 18 0 17

o Volume in service, mil gal
- Group 1 3.13 2.78 3.13 2.78 3.13 2.78 3.13 2.78
- Group 2 0.00 1.20 0.00 1.20 0.00 1.20 0.00 1.20

o Hydraulic Detention Time, hr (based on Q)
- Group 1 5.5 5.0 4.1 3.9 3.3 3.9 3.3 3.9
- Group 2 N.A. 3.7 N.A. 2.8 N.A. 2.9 N.A. 2.9

o Weir Loading
- Group 1

-- Actual weir length per unit, ft * 425 745 560 745 709 745 705 745 Default
-- Weir loading, gpd/ft 8,000 8,801 8,000 11,177 8,000 11,246 8,000 11,107

- Group 2
-- Actual weir length per unit, ft * 0 556 0 556 0 556 0 556 Default
-- Weir loading, gpd/ft 0 6,973 0 8,856 0 8,910 0 8,800

o Sludge Settling Characteristics
- Design Max. SVI, ml/g * 150 150 150 150 150 150 150 150 Default

ISV = a x exp(-b MLSS), ft/h
- "a" Value, ft/hr * 19.0 19.0 19.0 19.0 21.3 21.3 21.3 21.3
- "b" Value [x 1,000,000] * 430 430 430 430 218 218 218 218

o Target Settling Values
- Effluent rise rate (SOR), ft/hr

-- Group 1 2.15 2.75 2.84 3.49 3.59 3.51 3.57 3.47
-- Group 2 N.A. 2.75 N.A. 3.49 N.A. 3.51 N.A. 3.47
-- Average 2.15 2.75 2.84 3.49 3.59 3.51 3.57 3.47

- Clarifier Safety Factor, CSF * 2.3 2.2 2.0 2.0 2.0 2.0 2.0 2.0 Default
- Initial Settling Velocity, ISV, ft/hr 5.0 6.1 5.7 7.0 7.2 7.0 7.1 6.9
- Preferred Max. Last-Pass MLSS, mg/L 3,100 2,660 2,782 2,327 4,987 5,086 5,016 5,143

o Selected Settling Values
- Operating L-P MLSS conc, mg/L 2,858 3,173 2,782 2,327 3,500 2,500 3,500 2,500
- Operating ISV, ft/h 5.6 4.9 5.7 7.0 9.9 12.4 9.9 12.4
- Operating CSF

-- Group 1 2.6 1.8 2.0 2.0 2.8 2.8 2.8 2.9
-- Group 2 N.A. 1.8 N.A. 2.0 N.A. 2.8 N.A. 2.9

SLUDGE RETURN AND WASTAGE
o Wasting Method (see Process Layout)

- Waste Flow from RAS, Qw 0.129 0.363 0.317 0.820 0.239 0.625 0.230 0.594
- Waste Flow from MLSS, Zone 7, Qmw 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

o Return Sludge
- Qr/Q, fraction * 0.63 0.71 0.60 0.46 0.33 0.32 0.33 0.32
- RAS flow to Aer Basin, Qr, mgd Average 8.59 15.05 10.97 12.48 7.62 8.62 7.57 8.51
- RAS concentration, mg/L 7,310 7,462 7,190 6,954 13,590 9,693 13,602 9,717

o Sludge Wastage
- Total Solids Wasted, lb/d 8,435 23,267 19,784 48,413 28,009 51,407 27,073 49,046
- Adjustment for ESS:

-- Solids in Effluent, lb/d 567 696 747 884 946 889 940 878
-- Solids in WAS, lb/d 7,868 22,571 30,439 19,036 47,529 66,566 27,063 50,518 77,581 26,132 48,167 74,300

- Concentration, mg/L 7,310 7,462 7,190 6,954 13,590 9,693 13,602 9,717
- Organic N, lb/d 524 1,493 1,332 3,313 1,866 3,505 1,805 3,344
- Flow Rate, mgd Average 0.129 0.363 0.492 0.317 0.820 1.137 0.239 0.625 0.864 0.230 0.594 0.825

o WAS Characteristics, mg/L
- Wasting from - RAS RAS RAS RAS RAS RAS RAS RAS
- BOD 1,658 1,646 2,427 2,291 4,558 3,137 4,560 3,132
- TSS 7,310 7,462 7,190 6,954 13,590 9,693 13,602 9,717
- VSS 6,082 6,214 6,136 5,896 11,551 8,205 11,589 8,249
- NH3-N 0.1 0.1 0.3 0.5 0.3 0.4 0.3 0.3
- Organic-N 486.7 493.5 503.1 484.6 937.0 672.6 939.6 674.5
- NO3-N 17.7 5.6 8.5 8.5 7.8 8.0 8.1 8.5
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 10/12/2006 9:03 AM Recycle Mass Balance.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

Calibration Design Capacity Design Capacity Design Capacity

- Alkalinity 109 155 134 135 137 136 136 134
- Filterable ("soluble") BOD 0.9 0.8 1.1 1.3 1.2 1.3 1.1 1.2
- Total soluble Organic N 2.2 2.0 2.3 2.4 2.3 2.4 2.3 2.3

o Recommended Installed Capacity
- Return Sludge Pumps, gpm 9,530 15,250 12,660 18,950 15,910 18,930 15,810 18,680
- WAS Pumps

-- Wasting operation, hr/day * 24 24 24 24 24 24 24 24 24 24 24 24
-- Pump Capacity (2 x Qwas), gpm 180 510 690 450 1,140 1,580 340 870 1,200 320 830 1,150
-- WAS Solids Peak Handling Capacity, lb/hr 660 1,890 2,540 1,590 3,970 5,550 2,260 4,210 6,470 2,180 4,020 6,200

SECONDARY EFFLUENT
o Flow Rate

- Net Secondary Effluent, mgd 13.60 20.86 34.46 17.92 26.49 44.41 22.69 26.66 49.35 22.55 26.33 48.87
o Secondary Effluent Quality

- BOD, mg/L 2 2 2.0 3 3 3.0 3 3 3.0 3 3 3.0 Estimate
- TSS (nominal), mg/L * 5 4 4.4 5 4 4.4 5 4 4.4 5 4 4.4 Default
- VSS, mg/L 4.2 3.3 3.7 4.3 3.4 3.7 4.2 3.4 3.7 4.3 3.4 3.7
- NH3-N, mg/L 0.1 0.1 0.1 0.3 0.5 0.4 0.3 0.4 0.4 0.3 0.3 0.3
- Total Organic N, mg/L 2.6 2.3 2.4 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6
- NO3/NO2-N, mg/L 17.7 5.6 10.3 8.5 8.5 8.5 7.8 8.0 8.0 8.1 8.5 8.4
- Alkalinity, mg/L 109 155 137 134 135 135 137 136 137 136 134 135
- Soluble Organic N, mg/L 2.2 2.0 2.1 2.3 2.4 2.3 2.3 2.4 2.3 2.3 2.3 2.3
- T.I.N., mg/L 17.8 5.6 10.4 8.8 8.9 8.9 8.1 8.5 8.3 8.4 8.9 8.7
- Total N, mg/L 20.3 7.9 12.8 11.4 11.6 11.5 10.8 11.1 11.0 11.0 11.5 11.3

TERTIARY FILTRATION In Service In Service In Service In Service
o Tertiary Filtration in Service? (Y=1, N=0) * 1 1 1 1
o Influent

- Flow, mgd
-- Total 34.5 44.4 49.3 48.9

- BOD, total, mg/L 2.0 3.0 3.0 3.0
- SS, total, mg/L 4.4 4.4 4.4 4.4

o Filter Area
- Surface Area per Filter, sf * 200 200 200 200
- Backwash - Continuous (0) or Intermittent (1)? * 0 0 0 0
- Standby Units Provided * 2 2 2 2
- Number of Filters

-- Existing * 10 10 10 10
-- New * 0 0 0 0
-- Total 10 10 10 10

- Number of Units in Service 8 8 8 8
o Filter Loading

- Equalization provided? (Y=1, N=0) * 1 1 1 1
- Peaking factor * 1.10 1.10 1.10 1.10 Default
- Surface Area in Service, sf 1,600 1,600 1,600 1,600
- Loading rate, gpm/sf 16.4 21.2 23.5 23.3

o Removal
- SS Removal, % * 70 70 70 70 Default
- SS removed, lb/d 884 1,140 1,266 1,254
- BOD removed, lb/d 233 468 511 516

o Backwash Flow
- Percent of Flow, % * 9 9 9 9 Cont BW
- Backwash Flow, mgd 3.10 4.00 4.44 4.40

o Backwash Characteristics, mg/L
- BOD 10 15 15 15
- TSS 34 34 34 34
- VSS 28 29 29 29
- NH3-N 0.1 0.4 0.4 0.3
- Organic-N 4 5 5 5
- NO3-N 10.3 8.5 8.0 8.4
- Alkalinity 137 135 137 135

o Net Flow to Disinfection, mgd
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 10/12/2006 9:03 AM Recycle Mass Balance.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

Calibration Design Capacity Design Capacity Design Capacity

- Undisinfected Plant Water Used * 0.00 0.00 0.00 0.00
- To Disinfection 31.36 40.42 44.91 44.48

o Tertiary Effluent Quality, mg/L
- BOD 1.2 1.7 1.8 1.7
- SS 1.3 1.3 1.3 1.3
- VSS, mg/L 1.1 1.1 1.1 1.1
- NH3-N, mg/L 0.1 0.4 0.4 0.3
- Total Organic N, mg/L 2.2 2.4 2.4 2.4
- NO3/NO2-N, mg/L 10.3 8.5 8.0 8.4
- Alkalinity, mg/L 137 135 137 135
- Filterable ("soluble") BOD 0.8 1.2 1.2 1.2
- Soluble Organic N, mg/L 2.1 2.3 2.3 2.3
- T.I.N., mg/L 10.4 8.9 8.3 8.7
- Total N, mg/L 12.6 11.3 10.8 11.1

CHLORINE CONTACT TANKS In Service In Service In Service In Service
o Flow Rate, mgd 31.36 40.42 44.91 44.48

- Peaking factor * 1.1 1.1 1.1 1.1
o Number of Tanks * 2 2 2 2
o Volume per Tank, mil gal * 1.436 1.851 2.057 2.037
o Detention Time @ peak, min. 120 120 120 120

FINAL EFFLUENT
o Flow Rate, mgd

- Plant Water used * 0.19 0.41 0.46 0.00
- Final Effluent Flow 31.17 40.01 44.45 44.48

RESIDUALS MANAGEMENT
SOLIDS GENERATED
o Total Primary Sludge

- Flow, mgd 0.134 0.134 0.192 0.192 0.203 0.203 0.195 0.195
- Solids, lb/d 38,971 38,971 55,911 55,911 59,153 59,153 56,967 56,967
- Concentration, % 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5
- VSS, % 80 80 80 80 80 80 81 81
- Organic N, lb/d 1,754 1,754 2,388 2,388 2,539 2,539 2,423 2,423

o Total Waste Activated Sludge
- Flow, mgd 0.129 0.363 0.492 0.317 0.820 1.137 0.239 0.625 0.864 0.230 0.594 0.825

-- Recomm Installed Capacity, gpm 180 510 690 450 1,140 1,580 340 870 1,200 320 830 1,150
- Solids, lb/d 7,868 22,571 30,439 19,036 47,529 66,566 27,063 50,518 77,581 26,132 48,167 74,300

-- Recomm Installed Capacity, lb/hr 660 1,890 2,540 1,590 3,970 5,550 2,260 4,210 6,470 2,180 4,020 6,200
- Concentration, mg/L 7,310 7,462 7,422 7,190 6,954 7,020 13,590 9,693 10,770 13,602 9,717 10,802
- VSS, % 83 83 83 85 85 85 85 85 85 85 85 85
- Organic N, lb/d 524 1,493 2,017 1,332 3,313 4,645 1,866 3,505 5,371 1,805 3,344 5,149
- BOD/TSS ratio 0.23 0.22 0.22 0.34 0.33 0.33 0.34 0.32 0.33 0.34 0.32 0.33

WAS THICKENING In Service In Service In Service In Service
o Sludge Feed

- Flow, mgd 0.492 1.137 0.864 0.825
- Solids, lb/d 30,439 66,566 77,581 74,300
- Concentration, mg/L 7,422 7,020 10,770 10,802
- VSS, % 83 85 85 85
- Organic N, lb/d 2,017 4,645 5,371 5,149
- Solids BOD, lb/d 6,760 22,072 25,418 24,277
- NH3-N, mg/L 0.1 0.4 0.4 0.3
- NO3-N, mg/L 10.3 8.5 8.0 8.4
- Alkalinity 137 135 137 135
- Filterable ("soluble") BOD, mg/L 0.8 1.2 1.2 1.2
- Soluble OrgN, mg/L 2.1 2.3 2.3 2.3

-- N/VSS ratio for solids 0.080 0.082 0.082 0.082
o Number of Units * 2 2 2 2

- Number of Units in Service * 2 2 2 2
- Diameter, ft * 37 37 37 37
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 10/12/2006 9:03 AM Recycle Mass Balance.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

Calibration Design Capacity Design Capacity Design Capacity

- Effective Area in Service, sf 1,980 1,980 1,980 1,980
- Operating cycle, hr/week * 168 168 168 168 Default

o Hydraulic loading, gpm/sf 0.31 0.70 0.66 0.63
o Solids Loading, lb/d-sf 15.4 33.6 39.2 37.5
o Thickened Sludge

- Solids Capture, % * 95 95 95 95
- Solids, lb/d 28,917 63,237 73,702 70,585
- Percent Solids, % * 5.7 3.5 3.5 3.5
- Volume, mgd 0.061 0.217 0.252 0.242
- Volatile Solids, lb/d 24,076 53,716 62,477 60,001
- Organic N, lb/d 1,917 4,417 5,107 4,896

o Underflow
- Underflow solids, lb/d 1,522 3,328 3,879 3,715
- Flow, mgd 0.431 0.920 0.611 0.583
- Characteristics, mg/L

-- BOD 95 145 251 251
-- TSS 423 434 761 764
-- VSS 353 368 645 650
-- NH3-N 0.1 0.4 0.4 0.3
-- Organic-N 28 30 52 52
-- NO3-N 10.3 8.5 8.0 8.4
-- Alkalinity 137 135 137 135

ANAEROBIC DIGESTION In Service In Service In Service In Service
o Digester Feed

- Flow, total, mgd 0.194 0.408 0.455 0.437
- Solids, total, lb/d 67,889 119,148 132,855 127,552
- Volatile Solids, total, lb/d 55,396 98,595 109,922 105,937
- Organic N, total, lb/d 3,671 6,805 7,647 7,319

o Digester Size
- Smaller Size Units

-- Number * 2 2 2 2
-- Diameter, ft * 90 90 90 90
-- SWD, ft * 32 32 32 32
-- Volume per Digester, kcf 203.6 203.6 203.6 203.6

- Larger Size Units
-- Number * 0 0 0 0
-- Diameter, ft * 70 70 70 70
-- SWD, ft * 25.5 25.5 25.5 25.5
-- Volume per Digester, kcf 98.1 98.1 98.1 98.1

- Gross Volume, kcf
-- All Units in Service 407 407 407 407
-- One Unit OOS 204 204 204 204

- Allowance for grit, percent * 5 5 5 5
- Effective Volume, kcf

-- All Units in Service 387 387 387 387
-- One Unit OOS 193 193 193 193

o Loading
- VSS Loading, lb VSS/cf-d

-- All Units in Service 0.143 0.255 0.284 0.274
-- One Unit OOS 0.286 0.510 0.568 0.548

- Detention Time, days
-- All Units in Service 14.9 7.1 6.4 6.6
-- One Unit OOS 7.4 3.5 3.2 3.3

o Digested Sludge
- VSS destruction, % * 47 42 42 42 Default
- VSS destroyed, lb/d 26,054 41,771 45,736 44,193
- Discharge Total Solids, lb/d 41,835 77,377 87,119 83,359

-- TSS, % 2.58 2.27 2.30 2.29
-- VSS, % 70.1 73.4 73.7 74.1

o Gas Production
- cf/lb VSS destroyed * 15 15 15 15 Default
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 10/12/2006 9:03 AM Recycle Mass Balance.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

Calibration Design Capacity Design Capacity Design Capacity

- Gas Production, kcf/d 391 627 686 663
o Nitrogen in Dig Sludge Filtrate

- Assumed Sol OrgN in Digester effl, mg/L * 5 5 5 5
- Org N/VSS in Digester Solids 0.066 0.069 0.069 0.069
- VSS destroyed, lb/d 26,054 41,771 45,736 44,193
- Ammonia generated, lb/d 1,723 2,876 3,174 3,045
- NH3 Concentration, mg/L 1,063 845 836 836
- Alkalinity, mg/L 3,796 3,017 2,986 2,985 calc

DEWATERING (Belt Presses) In Service In Service In Service N.I.S.
o Sludge Feed

- Flow rate, mgd * 0.194 0.408 0.455 0.437
- Total Solids, lb/d * 41,835 77,377 87,119 83,359
- Total VSS, lb/d * 29,342 56,824 64,186 61,743

o Number of Belt Presses (2m) * 3 3 3 0
- Number of Units in Service * 3 3 3 0
- Feed Rate, gpm per unit * 110 110 110 110 Default
- Operating cycle

-- days/week * 6 6 6 6
-- hours/day (calc) 11.4 24.0 26.8 0.0

o Sludge Cake
- Capture, % * 90 90 90 90 Default
- Concentration, % * 16.15 14.23 13.86 13.87 Default
- Cake Solids, lb/d

-- Dry Solids, lb/d 37,651 69,640 78,407 83,359
-- Wet Cake, tons/d 116.6 244.6 282.8   N.I.S.

- Flow, mgd 0.028 0.059 0.068 0.437
o Filtrate

- Filtrate Flow, mgd 0.166 0.350 0.387 0.000
- Characteristics, mg/L

-- BOD * 700 700 700 700 Default
-- TSS * 250 250 250 250 Default
-- VSS 175 184 184 185
-- NH3-N 1,063 845 836 836
-- Organic-N 17 18 18 18
-- NO3-N 0 0 0 0
-- Alkalinity 3,796 3,017 2,986 2,985

o Wash Water
- Wash water, mgd/mgd feed * 1.00 1.00 1.00 1.00 Default

-- Wash Water flow, mgd 0.194 0.408 0.455 0.000
- Solids in Wash Water

-- Unrecovered Solids, lb/d 4,183 7,738 8,712 0
-- Solids in Filtrate 347 729 808 0
-- Solids in Wash Water, lb/d 3,837 7,009 7,904 0
-- TSS in Wash Water, mg/L 2,367 2,059 2,082 0

- Characteristics, mg/L
-- BOD 2 3 3 3
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
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Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 11.0 20.1 31.1 16.0 20.0 36.0 20.0 20.0 40.0 20.0 20.0 40.0
Design (Max-Month) Flow, mgd 11.0 20.1 31.1 17.8 22.2 40.0 22.2 22.2 44.4 22.2 22.2 44.4

Calibration Design Capacity Design Capacity Design Capacity

-- TSS 2,367 2,059 2,082 0
-- VSS 1,660 1,512 1,534 0
-- NH3-N 0.0 0.0 0.0 0.0
-- Organic-N 112 106 109 2
-- NO3-N 10.3 8.5 8.0 8.4
-- Alkalinity 137 135 137 135
-- Filterable ("soluble") BOD 0.8 1.2 1.2 1.2
-- Total soluble Organic N 2.1 2.3 2.3 2.3

o Combined Filtrate & Wash Water
- Flow, mgd

-- Filtrate 0.166 0.350 0.387 0.000
-- Wash Water 0.194 0.408 0.455 0.000
-- Total 0.361 0.758 0.842 0.000

- Characteristics, mg/L
-- BOD 324 325 323 0
-- TSS 1,391 1,224 1,240 0
-- VSS 975 899 914 0
-- NH3-N 490 390 384 0
-- Organic-N 68 65 67 0
-- NO3-N 6 5 4 0
-- Alkalinity 1,824 1,464 1,447 0
-- Filterable ("soluble") BOD 33 33 33 0
-- Total soluble Organic N 3.4 3.6 3.6 0.0

CENTRIFUGE DEWATERING/THICKENING N.I.S. N.I.S. N.I.S. In Service

o Application
Anaerobic 
Dig Dewat

Anaerobic 
Dig Dewat

Anaerobic 
Dig Dewat

Anaerobic 
Dig Dewat

o Sludge Feed
- Flow Rate, mgd 0.194 0.408 0.455 0.437
- TSS, % 2.58 2.27 2.30 2.29
- Solids, lb/d 41,835 77,377 87,119 83,359

-- VSS fraction 0.70 0.73 0.74 0.74
o Number of Centrifuges * 0 0 0 3

- Number of Units in Service 0 0 0 2
- Feed Rate, gpm per unit * 125 125 125 250
- Operating cycle

-- days/week * 6 6 6 6
-- hours/day (calc) 0.0 0.0 0.0 17.0

o Chemical Dose
- Ferric chloride, lb/ton * 0 0 0 0
- Ferric chloride, lb/day 0 0 0 0
- Polymer, lb/ton * 16 16 16 16
- Polymer, lb/day 324 600 675 646
- Chemical Sludge generated, lb/d 0 0 0 0

o Sludge Cake
- Capture, % * 0 0 0 95 Default
- Cake Solids, lb/d 41,835 77,377 87,119 79,191
- Concentration, % * 2.6 2.3 2.3 21.7 Default
- Flow, mgd 0.1943 0.4082 0.4551 0.0438

o Filtrate
- Filtrate Flow, mgd 0.000 0.000 0.000 0.393
- Characteristics, mg/L

-- BOD * 500 500 500 500 Default
-- TSS 0 0 0 1,271
-- VSS 0 0 0 941
-- NH3-N * 1,063 845 836 836
-- Organic-N * 5 5 5 70
-- NO3-N * 0 0 0 0
-- Alkalinity * 3,796 3,017 2,986 2,985
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Chapter 4 

PLANT HYDRAULICS 

4.1 PURPOSE 
The purpose of this chapter is to evaluate the ability of the Regional Water Quality Control 
Plant (RWQCP) to convey flows up to the peak wet weather flow (PWWF) through the 
facilities. The chapter also presents any bottlenecks that were identified during the analyses 
and any flow management strategies that could be used to address the problem areas.  

4.2 CONCLUSIONS 
• No hydraulic bottlenecks were identified during hydraulic model runs using existing 

facility average daily flow (ADF) treatment capacity (40 mgd) and existing ADF 
(33 mgd). 

• Four hydraulic bottlenecks were identified for the PWWF. These bottlenecks include: 
– Plant 2 (24-inch) control valves/meters at the Headworks. 
– A 42-inch pipe connecting the Plant 2 primary clarifiers splitter box and the 

aeration basin influent splitter box. 
– Plant 1A/1B Distribution Channel. 
– A 54-inch pipe connecting Junction Box 13A and Junction Box 14. 

These bottlenecks can be improved to an acceptable level with minimal additional piping 
and construction. 

4.3 BACKGROUND 
The RWQCP consists of two plants and currently receives inflow from six lines: the Arlanza 
trunk, the Riverside trunk, the Hillside trunk, the Acorn trunk, the Jurupa Community 
Services District (JCSD), and Rubidoux Community Services District (RCSD) force mains. 
The current design capacity of the RWQCP is 40 mgd, based on ADF. The headworks were 
redesigned in 1990 to convey a PWWF up to 100 mgd.  

A hydraulic model was developed using the Carollo Engineers (Carollo) software, 
Hydraulix™, to simulate the hydraulics of the treatment plant. This model was developed 
based on existing plans. After the development of the hydraulic model, evaluations of the 
plant’s hydraulics during existing flow, as well as for ADF and PWWF, were performed. 

4.4 CURRENT PLANT FLOW RATE AND PEAKING FACTORS 
Currently, the plant receives an inflow of approximately 33 mgd. Plant 1 treats 40 percent 
and Plant 2 treats the remaining 60 percent of the influent flow.  
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A Biotran model was developed for the RWQCP. Biotran models the steady state treatment 
capacity of the various process units. The Biotran estimated that the ADF capacity of the 
RWQCP is 40 mgd with a 50/50 split between Plant 1 and Plant 2. This is described more 
fully in Volume 4, Chapter 3 - Process Design and Reliability Criteria. 

The wet weather peaking factor of 2.2, will be used to determine the RWQCP PWWF for 
most unit processes. The wet weather peaking factor for tertiary and disinfection processes 
is 1.5 because of the upstream equalization basins. 

The equalization basins were sized to reduce the tertiary peaking factor to 1.5.  

Table 4.1 summarizes the different flows that were used in the three hydraulic evaluations. 

Table 4.1 Plant Flow Rates  
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 
Flow Condition Plant Influent Flow (mgd) 

Existing Plant Flow  33 
Average Daily Flow 40 
Hourly Peak Wet Weather Flow(1) 88 

Notes: 
(1) The treatment plant downstream of the equalization basins receives a PWWF of 

60 mgd (1.5 peaking factor). Upstream of the equalization basins, the PWWF factor 
is 2.2. 

4.5 ASSUMPTIONS 
The following are the general assumptions that were used in development of the model and 
evaluations: 

• The 50-year floodwater surface elevation, 690.30 feet for the Santa Ana River, was 
used. 

• Flow through Plant 2 secondary clarifiers are proportional to the sizes of the clarifiers. 

• Filter backwash plus filtrate flow averages about 3.5 mgd, based on existing plant 
flow. 

• Plant 1 waste activated sludge (WAS) flow is approximately 0.15 mgd, based on 
existing plant flow. This was scaled proportionally for the other two flows. 

• Plant 2 WAS flow is approximately 0.43 mgd, based on existing plant flow. This was 
scaled proportionally for the other two flows. 

• Return activated sludge (RAS) flow is set at one times the ADF. 

• According to the City staff, the recycle flow is split with a 20:80 ratio between Plant 1 
and Plant 2.  
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• Currently, Chlorine Contact Basin No. 2 (CCB2) is out of service, secondary 
treatment goes through Chlorine Contact Basin No. 1 (CCB1) and Chlorine Contact 
Basin No. 3 (CCB3) only. 

Table 4.2 lists the different operational settings used for the three hydraulic evaluations.  

Table 4.2 Operational Assumptions  
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Operation Current Flow ADF PWWF 

Plant 1/Plant 2 Flow Distribution 40/60 50/50 50/50 

Equalization Basins Assuming only three are 
in operation 

Assuming all four are in 
operation 

Chlorine Contact Basin(1) CCB3 treats up to 42.6 mgd. Flow above that level needs 
to be diverted to CCB2. 

Notes: 
(1) CCB3 capacity was calculated based on a 90-minute contact time with a basin volume 

of 3.02 million gallons, and a Modal Contact Time/Detention Time ratio of 0.85. 

One important note is that the hydraulic model is based on benchmarks that were used in 
the multiple sets of the existing facility plans. These benchmarks are about 0.22 feet above 
the benchmarks used in the 2003 RWQCP topographic map. For the hydraulic profile, it 
was decided to use the benchmarks from the existing facility plans to lessen the chance for 
error when referencing sets of plans that are based on the existing plan benchmarks. For 
elevations based on the new 2003 topographic benchmark elevations, subtract 0.22 feet 
from the elevations indicated on the hydraulic profile. 

4.6 RESULTS 
The purpose of the evaluations was to determine whether the plant could handle the 
different flow rates hydraulically. A freeboard criterion of 6 inches was used to determine 
any problem areas. A hydraulic profile of the plant is shown in Figure 4.1. It shows water 
surface elevations for all three hydraulic evaluations.  

4.6.1 Existing Plant Flow 

Based on the existing plant flow of 33 mgd, with a 40/60 flow-split between Plant 1 and 
Plant 2, and assuming three operational equalization basins and CCB2 is out of service, no 
bottlenecks were identified. 

4.6.2 Average Daily Flow 

Using the ADF capacity of 40 mgd, with a 50/50 split between Plant 1 and Plant 2, and 
assuming three operational equalization basins and CCB2 is out of service, no bottlenecks 
were identified. 
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4.6.3 Peak Wet Weather Flow 

Using the PWWF, with a 50/50 split between Plant 1 and Plant 2, and assuming all four 
equalization basins and CCB2 are in service, four bottlenecks were identified: 

1. Plant 2 (24-inch) control valves/meters at the Headworks. 

2. A 42-inch pipe connecting the Plant 2 secondary clarifiers splitter box and aeration 
basin influent splitter box 

3. Plant 1A/1B Distribution Channel. 

4. A 54-inch pipe connecting Junction Box 13A and Junction Box 14. 

4.7 FLOW MANAGEMENT STRATEGIES 
As stated above, the first bottleneck occurs at the headworks. It is is caused by the two 24-
inch control valves/meters. Currently, the influent flow to Plant 2 goes through these two 
flow control valves. The problem caused by these valves can be alleviated with minimal 
impact by installing a third 24-inch flow control valve. The existing piping has blind flanges 
to enable installation of a new valve. 

The second bottleneck occurs between the Plant 2 secondary clarifiers splitter box and the 
aeration basin influent splitter box. At PWWF, this bottleneck causes the weir to be 
submerged at the aeration basin and the primary clarifiers. This problem can be fixed by up 
sizing this pipe from 42 inches diameter to 54 inches diameter. 

The third bottleneck occurs at Plant1A/1B distribution channel. This bottleneck will be 
addressed during the 2008 Expansion project. 

The last bottleneck occurs at the 54-inch pipeline connecting Junction Boxes 13A and 14. A 
review of the existing plan indicated there is not enough space for installation of additional 
pipes between Boxes 13A and 14. This bottleneck, however, can be resolved by installing a 
new 48-inch pipeline between Distribution Box 3 and Junction Box 13A and modifying the 
boxes. Existing plans show that there is enough space in the yard to install a 48-inch pipe 
next to the current 48-inch pipe and increase the size of boxes to accommodate the parallel 
pipeline. 

The surface water elevations for the PWWF condition, after the corrections, are listed on 
the Hydraulic profile in Figure 4.1. The proposed flow management strategies have 
eliminated the bottlenecks.  
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Chapter 5 

PRELIMINARY TREATMENT 

5.1 PURPOSE 
The purpose of this chapter is to develop a conceptual layout for a new headworks facility 
and estimate the overall capital cost using the conceptual layout. Alternatives for bar 
screens, screening conveyors and vortex grit basins are also evaluated. Final decisions 
about a specific layout and specific equipment type should be determined during the 
preliminary and final design. 

5.2 CONCLUSIONS AND RECOMMENDATIONS 
• The existing headworks facility is re-rated at a capacity of 37 mgd on an average 

daily flow basis. An additional separate headworks facility is planned for an average 
daily flow of 15 mgd. 

• Based on the conceptual layout, the total project cost for the new headworks facility is 
estimated to be $9.89 million, based on an Engineering News-Record (ENR) value of 
8,570 (Los Angeles, August 2006). 

• Two mechanical bar screens (one duty and one standby) and one manual bypass bar 
screen are recommended for the new headworks.  

• Climber-type and chain-and-rake-type are two alternatives for the bar screens. They 
should be further evaluated during preliminary design. 

• A shaftless screw conveyor is recommended over a belt conveyor for screenings 
conveyance. 

• A sloped-bottom vortex grit basin is recommended over a flat-bottom grit basin 
because the accumulation of settled grit can be minimized, and also because the 
equipment can be bid instead of sole-sourced. 

• The headworks will be covered for odor control, and foul air will be continuously 
withdrawn and treated in a biofilter. 

5.3 BACKGROUND 
The current headworks facilities at the Regional Water Quality Control Plant (RWQCP) 
were built in 1999 based on an average daily flow of 50 mgd and a peaking factor of 2.0 
(peak flow of 100 mgd). Table 5.1 lists the equipment included in the existing headworks 
facilities. There is a lack of redundancy, due to no standby grit chamber, and based on 
performance it appears that the grit chamber capacity is less than the manufacturer’s rating 
of 50 mgd on an average daily flow basis. For this Integrated Master Plan, the grit 
chambers are re-rated at a more conservative capacity of 37 mgd for average daily flow. An 
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average daily flow of 52 mgd and a wet weather peaking factor of 2.2 are used for the 
Integrated Master Plan. Based on the apparent capacity of the existing grit basins, it was 
decided at the project meeting on September 20, 2006 that the sizing for an additional 
separate headworks facility would be planned for an average daily flow of 15 mgd and a 
wet weather peak flow of 33 mgd for the Integrated Master Plan. 

Table 5.1 Existing Headworks Facility 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Equipment Type Qty Note 

Bar Screens Climber 4 1/2-inch opening. 

Raw Screenings Conveyors Shaftless Screw 2  

Grit Screenings Conveyors Shaftless Screw 2  

Grinders  2  

Washer/Compactors  2  

Grit Basins Vortex (Sloped-Bottom Type) 2 20-foot diameter. 

Grit Pumps Centrifugal Recessed 
Impeller 2 250 gpm each, 45-foot 

head. 

Grit Classifiers (Teacup) Hydraulic Vortex 2 250 gpm each, 42-foot 
diameter. 

Grit Dewatering Unit (Snail)  2 18-inch belt width. 

5.4 CONCEPTUAL LAYOUT 
The conceptual layout for the new headworks with a wet weather peak flow of 33 mgd is 
shown in Figure 5.1. 

The new headworks will have three channels for bar screens. Two mechanical bar screens 
are shown in two channels with one duty and one standby at peak flow, and one manual 
bar screen in a bypass channel for redundancy. 

A conveyor will be required to convey screenings from the two automatic bar screens to the 
screenings washer and compactor for screenings disposal. 

The screened wastewater will flow to a vortex grit basin. A bypass channel can be used if 
the grit basin needs to be bypassed. The space for a future grit basin is also included. The 
grit will be pumped to grit washers before disposal.  

The new headworks will be covered for odor control. The bar screens will be enclosed in a 
building, and the channels and the grit basin will be covered by aluminum plate. The foul air 
will be continuously withdrawn and treated in a biofilter that is discussed in Volume 4, 
Chapter 6 - Primary Treatment.
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Upstream of the headworks, a metering and flow splitting facility will be provided to split 
flow between the existing and future headworks.  

Based on the conceptual layout, the total project cost for the new headworks facility is 
estimated to be $9.89 million, based on an ENR value of 8,570 (Los Angeles, 
August 2006). 

The total cost estimate for the new headworks facility is summarized in Table 5.2. 

Table 5.2 Total Cost Estimate of New Headworks Facility 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Item Percentage Value Subtotal 
Subtotal Direct Costs   $3,120,000 
Sitework 10% $310,000  
Electrical and Instrumentation 15% $470,000 $3,900,000 
Contingency 30% $1,170,000 $5,070,000 
General Conditions 10% $510,000 $5,580,000 
General Contractor Overhead and Profit 15% $840,000 $6,420,000 
Sales Tax on Materials 7.75% $200,000 $6,620,000 
Bid Market Allowance 15% $990,000 $7,610,000 
Engineering Management and Legal  30% $2,280,000  

Total Project Cost   $9,890,000 

5.5 BAR SCREENS 
The existing headworks facility has climber-type bar screens. Climber-type bar screens are 
a well-proven technology with many successful installations. The primary advantage of 
climber-type bar screens over most other screens is that all moving parts are out of the 
wastewater. For future expansion, chain-and-rake-type bar screen with multiple rake bars 
mounted onto chains could be considered as an alternative to the climber-type screens. 

One option for a chain-and-rake-type bar screen is Mahr™, as shown in Figure 5.2. It has a 
lower profile than the climber-type bar screens, and requires less than 8 feet of headspace. 
Mahr™ is offered with a two-speed drive with automatic reverse ability to remove 
obstructions. Though the lower sprockets of Mahr™ are submerged in the wastewater, they 
have self-lubricated bearings and require no greasing. 

Another option for a chain-and-rake-type bar screen is the Duperon® FlexRake, as shown in 
Figure 5.3. The chains (FlexLinks™) of the Duperon® FlexRake bend in only one direction 
providing both flexibility and rigidity. The design has no lower sprockets. The primary 
disadvantage of the Duperon® FlexRake is the limited number of long-term installations. 
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A summary and comparison of climber-type and chain-and-rake-type bar screens are 
presented in Table 5.3 and Table 5.4. The City of Riverside (City) should re-evaluate both 
alternatives during preliminary design, when chain and rake type screens have more 
experience. 

Table 5.3 Summary of Climber- and Chain-and-Rake-Type Bar Screen 
Advantages/Disadvantages  
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Climber-Type 
Bar Screen Advantages 

Climber-Type 
Bar Screen Disadvantages 

• No moving parts in wastewater flow. 
• More installation experience. 

• Height of equipment requires taller building. 
• Long cycle time for a deep channel. 
• Higher maintenance requirement. 

Chain-and-Rake-Type 
Bar Screen Advantages 

Chain-and-Rake-Type 
Bar Screen Disadvantages 

• Reduced height of equipment above deck 
compared to existing climber-type unit. 

• Continuous operation and multiple rakes 
reduce cycle time. 

• Lower maintenance. 

• Moving parts in wastewater flow. 
• Maintenance of bottom sprockets requires 

channel access (only for Mahr™). 
• Limited number of long-term installations.  

 

Table 5.4 Comparison of Bar Screens 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

  Chain-and-Rake Climber 

Operating Experience  0/–(1) + 

Reliability  +/0(1) + 

Moving Parts in Wastewater  –/0(1) + 

Height of Equipment  + – 

Maintenance Access  –/0(1) 0 

Maintenance Requirement  0 0 

Equipment Cost  0 0 

Capital Cost  0 –(2) 

O&M Cost  0 –(3) 

Notes: 
(1) Varies by manufacturer (Mahr™/Duperon®). 
(2) Requires the building to be taller. 
(3) More foul air to treat. 

Ratings: 
+ = Positive comparative characteristic. 
– = Negative comparative characteristic. 
0 = Neutral comparative characteristic. 
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5.6 SCREENING CONVEYORS 
Shaftless screw conveyors are currently used at the RWQCP. A belt conveyor is compared 
as an alternative as requested at the project meeting on September 20, 2006. A typical belt 
conveyor and shaftless screw conveyor are shown in Figure 5.4 and Figure 5.5, 
respectively. 

A summary and comparison of the two conveyor alternatives are presented in Table 5.5 
and Table 5.6. Based on the discussion in the October 18, 2006 meeting, a shaftless screw 
conveyor is preferred for the new headworks. 

Table 5.5 Summary of Belt and Shaftless Screw Conveyor 
Advantages/Disadvantages 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Belt Conveyor Advantages Belt Conveyor Disadvantages 
• Can convey large objects. • Can be messy (significant housekeeping requirements).

• Not well suited for very wet material (with free water). 
• Spillage/carryover can generate additional odors. 
• Large number of rollers and idlers require frequent 

maintenance. 
Shaftless Screw 

Conveyor Advantages 
Shaftless Screw 

Conveyor Disadvantages 
• Clean. 
• Suitable for wet material (with 

free water). 
• Few components. 

• May have difficulty conveying large objects. 
• Conveying abrasive material will reduce the liner life. 

 
Table 5.6 Comparison of Belt Conveyor and Shaftless Screw Conveyor 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Belt  Shaftless Screw  
Cleanliness – +  
Maximum Incline 0 +  
Large Object Conveyance + –  
Very Wet Material Conveyance – +  
Number of Components – +  
Maintenance Requirements – +  
Odor Control Covers – +  
Ratings: 
+ = Positive comparative characteristic. 
– = Negative comparative characteristic. 
0 = Neutral comparative characteristic. 
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A life-cycle cost analysis is performed for the two conveyor alternatives. As shown in 
Table 5.7, the life-cycle cost of the shaftless screw conveyor is slightly lower than the belt 
conveyor. 

Table 5.7 Life Cycle Cost Analysis of Conveyors 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Belt Shaftless Screw 

Capital Cost $58,000 $50,000 

Replacement Frequency Every 10 years Every 4 years 

Replacement Cost $1,600(1) $3,800(2) 

Monthly Maintenance Cost(3) $100 $0 

Semi-Annual Maintenance Cost $100 $100 

Life Cycle Cost(5) $84,000 $67,700 

Notes: 
(1) Belt cost of $800 plus labor of two people for 1 day at $50/hour. 
(2) Liner cost of $3,000 plus labor of two people for 1 day at $50/hour. 
(3) Grease bearings: 2-hour labor. 
(4) Oil change: 2-hour labor. 
(5) As present value, assuming life-cycle period of 19 years, discount rate of 6 percent, 

and escalation rate of 6 percent for the first 5 years and 4 percent thereafter. 

5.7 SCREENINGS WASHER/COMPACTOR 
A screenings washer/compactor that achieves washing and dewatering would be used in 
the new headworks. A typical one that would be evaluated during preliminary design is 
shown as Figure 5.6. 

5.8 GRIT BASINS 
It was decided the new headworks would include vortex grit basins at the project meeting 
on September 20, 2006. Typical sections of sloped-bottom and flat-bottom grit basins are 
shown in Figures 5.7 and Figure 5.8, respectively. These two alternatives are compared in 
Table 5.8. Carollo Engineers recommends sloped-bottom vortex basins because they 
minimize the accumulation of settled grit at the bottom, and also because they are 
non-proprietary, so they can be competitively bid. 
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Table 5.8 Comparison of Flat- and Sloped-Bottom Vortex Grit Basins 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Characteristic Flat-Bottom Sloped-Bottom

Proprietary Equipment – + 

O&M Requirements (Due to Grit Buildup on Basin Bottom) – + 

Capital Cost + + 

Required Land Area + + 

Grit Removal 0 0 

Odor Control Requirements + + 

Reliability 0 0 

Flow Turn Down – 0 

Hydraulic Head Loss + + 

Ratings: 
+ = Positive comparative characteristic. 
– = Negative comparative characteristic. 
0 = Neutral comparative characteristic. 
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Chapter 6 

PRIMARY TREATMENT  

6.1 PURPOSE 
The purpose of this chapter is to evaluate the configuration alternatives for new primary 
clarifiers that will meet the expansion needs at the Regional Water Quality Control Plant 
(RWQCP).  

6.2 CONCLUSIONS AND RECOMMENDATIONS 
• The existing Plant 2 primary clarifiers have a capacity of 20 mgd on an annual 

average flow basis. New primary clarifiers will have an annual average flow capacity 
of 32 mgd and replace the existing Plant 1A and Plant 1B primary clarifiers.  

• Rectangular and circular alternatives are compared. The life-cycle costs for the two 
alternatives are similar. Circular primaries will be used, given that the costs are 
similar, circular clarifiers are easier to maintain, and circular units will fit on the site. 

• The type of primary sludge pumps will be decided during preliminary design based on 
flow quantity and pumping head. 

• The abandoned Plant 1 secondary sedimentation basins and chlorine contact basin 
will be demolished and may be the location of a future primary effluent equalization 
basin. 

• Biofilters will be used for odor control for the primary clarifiers (new Plant 1 and 
existing Plant 2) and for the new headworks facilities. The primary clarifiers will be 
covered with low profile aluminum domes for odor control. The biofilter is estimated to 
be 150 feet by 200 feet. The biofilter will be located at the existing Plant 1A primary 
clarifiers. Therefore, it will be built after the new clarifiers are put in service and the 
Plant 1A clarifiers are demolished.  

6.3 BACKGROUND 
It was decided at the project meeting on July 13, 2006 that the Plant 1 primaries would be 
replaced, because both Plant 1A and Plant 1B primaries were built in the 1950s and no 
longer consistently provide effective treatment. Primary facilities of the new Plant 1 and the 
existing Plant 2 will have a combined capacity of 52 mgd annual average daily flow, 
according to the flow projection for the year 2025. The Plant 2 primaries have a capacity of 
20 mgd, so the new Plant 1 primaries will have a capacity of 32 mgd. 

February 2008 6-1 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 04\Ch06.doc 



 

6.4 EXISTING PRIMARY TREATMENT FACILITIES 
The existing primary treatment facilities are listed in Table 6.1. As discussed in Volume 4, 
Chapter 1 - Existing Facilities, the primary sedimentation facilities at Plant 1 were originally 
designed to pump the settled solids into gravity thickeners. However, currently, the settled 
solids from the Plant 1 primaries are pumped into the primary influent splitter box for Plant 2 
and are resettled with the Plant 2 influent solids. The Plant 2 primary sludge is thickened in 
the primaries and is pumped directly to the anaerobic digesters. Ferric sulfate is added to 
the Plant 1 primaries to keep the RWQCP hydrogen sulfide levels within the South Coast 
Air Quality Management District (SCAQMD) limits. 

Table 6.1 Existing Primary Treatment Facilities 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 
Primary Sedimentation 

Plant 1   
Basins - Rectangular Plant 1A Plant 1B   

Number 4 2 
Length, feet 104 163.5 
Width, feet 26 37 
Units in Operation All All 
Total Volume, gallons 688,700 768,900 
Total Surface Area, feet2 10,816 12,100 

Sludge Pumps - Non-Clog Centrifugal Plant 1A Plant 1B   

Number 3 2 
Size, gpm/each 450 450 

Plant 2   
Basins - Circular  

Number of Basins 4 
Diameter, feet 95 
Units in Operation All 
Total Volume, gallons 2,004,000 
Total Surface Area, feet2 28,350 

Sludge Pumps - Progressive Cavity  
Number 6 
Size, gpm/each 100 

Ferric Sulfate 

Number of Tanks 1 
Volume, gallons 6,000 
Usage, gpm 700 to 1200 
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6.5 DESIGN CRITERIA  
The Surface Overflow Rate (SOR) used to size the new primary sedimentation tanks is up 
to 1,200 gpd/ft2 and 2,250 gpd/ft2 at average and wet weather peak flow rates, respectively. 
The annual average and wet weather peak flow rates for the primaries will be 32 mgd and 
70 mgd, respectively. 

To size the biofilters, a foul air exchange rate of 12 changes per hour, and a load for the 
biofilters of no more than 3 scfm/ft2 is used. 

6.6 NEW PRIMARY CLARIFIER EVALUATION 
Both circular and rectangular configurations are commonly used for primary clarifier basins 
at wastewater treatment plants. For the RQWCP, both configurations are evaluated based 
on a life cycle cost analysis as well as other non-economic factors. 

6.6.1 Alternative 1 - Rectangular Primary Clarifiers 

Figure 6.1 shows the layout of Alternative 1 – Rectangular Primary Clarifiers. There would 
be six (five duty and one standby) rectangular tanks, each with a width of 40 feet and a 
length of 160 feet. The outside dimension is estimated to be 260 feet by 210 feet including 
the pumps and splitting channel west of the channels.  

Because of the existing Plant 1B primary effluent pipe, Alternative 1 would be constructed 
in two phases. The existing Plant 1B primaries would need to stay in service until Phase 1 
of the new primaries was constructed. Approximately 30 feet of clearance would be 
provided between the new and existing structures. The rectangular tanks would be covered 
with aluminum covers. 

The rectangular clarifier chain and flight collection mechanism would be constructed of 
non-metallic material and would likely need replacement after approximately 10 to 15 years, 
assuming normal use and wear. 

6.6.2 Alternative 2 - Circular Primary Clarifiers 

Figure 6.2 shows the layout of Alternative 2 – Circular Primary Clarifiers. There would be 
four (three duty and one standby) circular clarifiers, each with a diameter of 120 feet. Two 
of the clarifiers would be located in the area of the abandoned sludge beds, which are 
currently used for debris storage.  

Circular clarifiers usually result in a higher headloss when compared to rectangular 
clarifiers, but there is adequate head available for circular clarifiers. 

In general, circular clarifier sludge collection mechanisms are simpler to construct and are 
easier to maintain as compared to rectangular clarifier chain and flight mechanisms. Each 
link (and sprocket) in a chain and flight mechanism is a moving part and subject to wear,  

February 2008 6-3 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 04\Ch06.doc 



FIGURE 6.1

Existing Plant 1B
Primary Effluent Pipe

Pha
se

 1

Pha
se

 2

New Headworks
(80 x 140 ft.)

NEW PRIMARY TREATMENT
FACILITIES LAYOUT:

 PLANT 1 ALTERNATIVE 1

Biofilters
(150 x 200 ft.)

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

Primary Effluent
Equalization Basin #1: 2.6 MG

Rectangular Primary
Sedimentation Tanks

(210 x 260 ft.)

Primary Effluent
Equalization Basin #2: 9.5 MG

Primary Sludge 
Thickeners
(75 x 85 ft.)

20-Riverside2-08Volume 4-F6.1-7472A00.cdr



FIGURE 6.2

NEW PRIMARY TREATMENT
FACILITIES LAYOUT:

 PLANT 1 ALTERNATIVE 2

New Headworks
(80 x 140 ft.)

Primary Effluent 
Equalization Basin #2: 9.5 MG

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

Circular Primary
Sedimentation Tanks

(4 x 0 120 ft.)

Primary Effluent
Equalization Basin #1: 2.6 MG

Primary Sludge Thickeners
(75 x 85 ft.)

Biofilters
(150 x 200 ft.)

Primary Sludge
Pump Station
(35 x 55 ft.)

20-Riverside2-08Volume 4-F6.2-7472A00.cdr

Abandoned Sludge Beds



 

whereas a circular collection mechanism has a single main rotating turntable that is located 
at the deck level above the water surface. 

Circular primary clarifiers are more suited for in-tank-thickening. At the project meeting on 
September 20, 2006, it was decided that clarifiers will not be used to thicken the sludge. 

6.7 COMPARISON AND LIFE-CYCLE COST OF ALTERNATIVES 
A comparison of the two alternatives is presented in Table 6.2. Life-cycle costs for the two 
alternatives are shown in Table 6.3. 

Table 6.2 Comparison of Rectangular and Circular Primary Clarifiers 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 
Alternative 1 
Rectangular 

Alternative 2 
Circular 

Average SOR (gpd/ft2) 1,000 943 

Maximum SOR (gpd/ft2) 2,200 2,075 

Quantity 6 (5 duty/1 standby) 4 (3 duty/1 standby) 

Dimension 160-foot L by 40-foot W 
by 12-foot SWD 

120-foot diameter by 
12-foot SWD 

Simplicity of Mechanism – + 

Maintenance Requirement – + 

Separate Flow Splitting Structure + – 

Separate Sludge Pumping Station + – 

Space Requirement + – 

Construction Staging Requirement – + 

Capital Cost + – 

Maintenance Cost – + 

Potential for In-Tank-Thickening – + 

Ratings: 
+ = Positive comparative characteristic. 
– = Negative comparative characteristic. 
0 = Neutral comparative characteristic. 
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Table 6.3 Life-Cycle Cost of Rectangular and Circular Primary Clarifiers  
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

 Alternative 1 - Rectangular Alternative 2 - Circular 

Direct Costs(1) $7,570,000 $8,600,000 

Total Project Cost(1) $24,000,000 $27,200,000 

Yearly Maintenance Cost $12,000 $8,000 

Mechanism Replacement Cost  $1,400,000(2) $0 

Total Life Cycle Cost(3) $25,500,000 $27,400,000 
Notes: 
(1) Including primary clarifiers, influent splitter box, and primary sludge pump station. 
(2) Replacement for chain and flight sludge collector every 10 years. 
(3) As present value, assuming life-cycle period of 19 years, discount rate of 6 percent, 

and escalation rate of 6 percent for the first 5 years and 4 percent thereafter. 

The total project capital cost of Alternative 1 is slightly lower because of the common wall 
construction for rectangular clarifiers. The total life-cycle costs for the two alternatives are 
similar. 

It was decided at the October 18, 2006 project meeting to use circular clarifiers, because 
the life-cycle costs are similar and they are easier to maintain than rectangular clarifiers. 

6.8 PRIMARY SLUDGE PUMPING 
The type of primary sludge pumps will be one of the following, depending on the final 
design criteria for the flow quantity and pumping head required. 

• Non-clog centrifugal. 

• Screw centrifugal. 

• Progressing cavity. 

The final decision will be made during preliminary design. 

6.9 ODOR CONTROL  
There are several options available for odor scrubbing. However on a life cycle cost basis, if 
sufficient land is available, biofilters are the best option. Since sufficient land is available at 
the RWQCP, it was decided at the project meeting on September 20, 2006 that biofilters 
would be used for odor scrubbing.  

The biofilters will be built after the completion of the new primary clarifiers, when Plant 1A 
can be demolished for the space.  
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The foul air to be treated in the new biofilters comes from the new headworks, the new 
Plant 1 primaries, and the existing Plant 2 primaries. The dimension is estimated to be 
150 feet by 200 feet, and the total project cost is estimated to be $16.7 million.  
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Chapter 7 

SECONDARY TREATMENT 

7.1 PURPOSE 
The purpose of this chapter is to summarize the evaluation of the existing secondary 
treatment facility at the City of Riverside (City) Regional Water Quality Control Plant 
(RWQCP). This chapter also includes a description of additions or modifications required 
for Secondary Treatment Facilities to increase capacity to 52.2-mgd annual average (AA) 
flow.  

7.2 RECOMMENDATIONS AND CONCLUSIONS 
• The existing treatment system was evaluated and the plant capacity is 40-mgd AA. 

• Four options for expanding the RWQCP secondary treatment plant were considered: 
Conventional Activated Sludge (CAS), Enhanced Primary Treatment (EPT), 
Membrane Bioreactor (MBR), and Integrated Fixed Film Activated Sludge (IFAS). 

• EPT reduced the aeration influent biochemical oxygen demand (BOD) such that 
denitrification is affected and no increase in capacity is achieved. EPT therefore is not 
feasible for increasing the secondary treatment capacity. 

• CAS, MBR, and IFAS options can all achieve the required expanded capacity. The 
IFAS option presents more risks than the other alternatives due to the limited 
experience and number of installations using this technology.  

• For meeting current effluent limits, CAS is the most cost-effective alternative followed 
by IFAS. 

• For meeting current effluent limits plus improved Whole Effluent Toxicity (WET) 
results and better Endocrine Disrupting Compounds (EDCs) destruction, the life-cycle 
costs for all options are nearly the same, within the uncertainty of the cost estimate.  

• Based on the ability to achieve better effluent quality, the City chose the MBR 
alternative for the future expansion at a meeting on November 17, 2006.  

• The current influent flow to the RWCP is approximately 80 percent of the plant’s rated 
capacity, indicating a need for expansion. However, because of a slow down in the 
housing market, the City has decided to perform this expansion in two phases. The 
first phase will expand the Plant 1 secondary treatment facilities from 20 to 
26-mgd AA. The second phase will expand the secondary facilities from 26 to 
32 mgd. 



7.3 DESCRIPTION OF EXISTING TREATMENT 
Figure 7.1 shows the flow schematic of the existing facilities. The influent wastewater 
stream is divided into two plants (Plant 1 and Plant 2) after screening and grit removal.  

In both Plant 1 and Plant 2, wastewater is clarified in primary clarifiers before biological 
treatment. Plant 1 has four rectangular aeration basins and four rectangular secondary 
clarifiers, and Plant 2 has six rectangular aeration basins and four circular secondary 
clarifiers. For a detailed description of the existing facilities, refer to Volume 4, Chapter 1 - 
Description of Existing Facilities. The description of facilities for handling waste solids 
generated during the wastewater treatment process is discussed separately in Volume 8, 
Chapter 1 - Biosolids Management: Existing Facilities. The design criteria for the solids 
handling facilities are discussed in Volume 8, Chapter 3 - Biosolids Management: Design 
Criteria Development. 

7.3.1 Process Design Criteria 

Table 7.1 presents a summary of the design criteria for expansion of facilities at the 
RWQCP. For detailed information on the process design criteria, refer to Volume 4, 
Chapter 3 - Process Design and Reliability Criteria. 

Table 7.1 Design Criteria for Expansion of the RWQCP 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Effluent Parameter Value 
Design Flows  

Average Dry Weather Flow (ADWF), mgd 52.2 
Peak Wet Weather Flow (PWWF), mgd 115(1) 
Approximate Recycle Flow to Headworks, mgd 5.5 

Average Influent Wastewater Characteristics(2)  
BOD, mg/L 250 
TSS, mg/L 250 
TKN, mg/L as N 35.5 

Effluent Quality Requirements  
BOD, mg/L <10 
TSS, mg/L <10 
Total Inorganic Nitrogen, mg/L as N <10(3) 

Notes: 
(1) Based on a wet weather peak hour flow factor of 2.2. 
(2) Does not include impact of recycle streams from dewatering, thickening, and tertiary 

filter backwash. 
(3) The current requirement is 13 mg/L, but this will change to 10 mg/L when flows exceed 

35-mgd AA. 
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7.3.2 Sludge-Settling Characteristics - Clariflux™ Model 

There are three different factors that could limit the capacity of a secondary treatment 
system (aeration basins and clarifiers):  

• Aeration Basin Capacity: 
In a nitrifying system, such as at the RWQCP, the basin must be large enough to 
ensure full nitrification at design loads and minimum expected wastewater 
temperatures. Basin capacity typically increases as Mixed Liquor Suspended Solids 
(MLSS) concentration is increased. 

• Aeration System Capacity: 
The aeration system (blowers and diffusers) must be able to supply sufficient oxygen 
to the aeration basin under design load conditions. Blower capacity must be 
assessed at maximum expected air temperatures. The oxygen transfer efficiency of 
the diffusers depends on air flux and process conditions, such as Sludge Retention 
Time (SRT), MLSS concentration, etc.  

• Clarifier Capacity: 
The clarifiers must be able to produce an effluent with a low Total Suspended Solids 
(TSS) concentration under design loads. Typically, clarifier capacity increases with 
lower MLSS concentrations.  

Both aeration basin capacity and aeration system capacity can be modeled to a high 
degree of accuracy using existing process models for the aeration system. Secondary 
clarifier capacity, however, depends on sludge-settling characteristics. These 
characteristics may be assumed or estimated based on available data such as Sludge 
Volume Index (SVI) data. Translating SVI data to sludge-settling characteristics does carry 
some risk, as the SVI test does not discriminate between sludge settling, which determines 
the required Surface Overflow Rater (SOR) and sludge compaction, which determines the 
required Return Activated Sludge (RAS) rate.  

A sludge-settling test was performed to determine the sludge-settling characteristics of the 
mixed liquor for both Plants 1 and 2. A sample of mixed liquor from the aeration basin 
effluent was collected and settling tests were performed, in duplicate, in a 6-foot 
sludge-settling column. The test was repeated with increasingly dilute mixed liquor samples 
(diluted with secondary effluent) to obtain initial sludge settling velocity as a function of 
MLSS concentration. These results were then used to estimate the settling properties of 
sludge for both Plant 1 and Plant 2. 

Rate of settling data for various solids concentrations was collected and compared with 
typical settling rates. Figure 7.2 shows a summary of the results of the settling tests. The 
figure shows the effect of MLSS concentrations on the settling rates (i.e., SOR). From the 
figure, it is apparent that the mixed liquor settles very fast in the secondary clarifiers at both 
Plants 1 and 2.  
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The figure suggests that at a typical MLSS operating concentration range of 2,500 to 
3,500 mg/L, the clarifiers can be loaded at a much higher SOR ranging from 3,000 to 
4,500 gpd/ft2. This indicates that sludge-settling characteristics are not the limiting factor for 
the RWQCP secondary clarifiers. Experience and clarifier stress testing at other plants 
indicate that where SOR exceeds 1,500 gpd/ft2 hydraulic effects begin to dominate, causing 
an increase in effluent TSS concentration, regardless of sludge-settling characteristics. 
Therefore, the loading of the secondary clarifiers should be limited to 1,500 gpd/ft2 under all 
conditions.  

Hence, in order to increase the capacity at the RWQCP, the clarifiers can be operated at 
higher SOR, which would enable the operators to maintain a higher MLSS concentration 
(i.e., higher capacity) in the aeration basins. Table 7.2 summarizes the existing and 
proposed clarifier operating conditions.  

Table 7.2 Summary of Secondary Sludge-Settling Tests 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Plant 1 Plant 2 

Current Operation   

Average Influent Flow, mgd 11 20.1 

MLSS, mg/L 2,858 3,173 

SOR at Average Flow, gpd/ft2 386 494 

Design for 40 mgd   

Average Influent Flow, mgd 20 20 

MLSS, mg/L 3,500 2,500 

SOR at Average Flow, gpd/ft2 645 631 

Previously during the secondary system upgrades project, done by Carollo Engineers 
(Carollo) in 2002, the Biotran showed that the plant capacity was approximately 36 mgd. At 
the time of that project, a settling test was not conducted for the evaluation of the 
performance of the secondary clarifiers and sludge-settling characteristics were assumed. 
The settling test results as discussed above indicate that the sludge-settling characteristics 
at both Plants 1 and 2 are very good, and better than assumed. Due to the good 
sludge-settling characteristics, the aeration basins can be operated at a higher MLSS to 
achieve higher treatment capacity. Only the MLSS in Plant 1 can be increased to 
3,500 mg/L to increase capacity. The MLSS concentration in Plant 2 should not be 
increased beyond 2,500 mg/L, as the capacity of Plant 2 is limited by the capacity of the 
aeration system and not the performance of the secondary clarifiers. Making these 
adjustments, the combined capacity of the secondary system for Plant 1 and Plant 2 is 
40 mgd, based on the Biotran model.  
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7.4 IDENTIFICATION OF SECONDARY TREATMENT 
EXPANSION ALTERNATIVES FOR THE RWQCP 

Based on the current and expected future treated effluent discharge requirements, and also 
keeping in mind the City’s requirements for future treatment goals and operational flexibility, 
the following four secondary treatment alternatives were identified: 

1. Using EPT to increase secondary treatment capacity. 

2. Expand the existing CAS system at Plant 1.  

3. Convert the existing Plant 1 secondary treatment facility into a MBR plant capable of 
treating the 32.2 mgd of plant flow.  

4. Convert the existing Plant 1 secondary treatment facility into an IFAS facility. 

In addition to the above four processes, the Waste Activated Sludge Anaerobic Contact 
(WASAC) process was also considered for secondary treatment expansion. The WASAC is 
a proprietary process developed by Carollo that uses phosphorus-harboring organisms to 
remove BOD from wastewater in an anaerobic environment. The WASAC process would be 
inserted between the primary clarifiers and the aeration basins. This process would 
supplement the secondary treatment process such that the secondary expansion could be 
delayed. The WASAC process can potentially provide the City significant cost and energy 
savings. Since at this time the WASAC process has not been proven, it was not evaluated 
further or recommended to the City. However, in the future, if proven successful through 
pilot testing, the WASAC process could be a viable alternative for the City, since it could 
make best use of the existing facilities. Appropriate design considerations were made in this 
Master Plan to leave room for the potential implementation of the WASAC process. 

For this project only the four alternatives listed above were evaluated. The four alternatives 
are described and discussed in the following subsections. 

7.4.1 Enhanced Primary Treatment 

EPT doses ferric iron and polymer (typically anionic polymer) to the primary influent to 
increase flocculation and settling, hence improving primary clarifier performance, 
specifically TSS and BOD removal. This reduces the load on the secondary treatment plant. 
The reduced load translates into reduced operating costs (mostly due to lower aeration air 
requirements and lower secondary solids production). In some cases, the secondary 
treatment capacity can also be increased. Carollo investigated whether EPT would 
significantly increase primary clarifier performance by performing a bench test. The effect of 
EPT on secondary treatment was also considered.  

For the test, a sample of primary influent from each plant was taken. The sample was 
divided into six samples that were dosed with 0.5 mg/L of anionic polymer and different 
concentrations of ferric chloride: 5, 10, 15, 20, and 25 mg/L. The control received neither 
ferric nor polymer. All the samples were thoroughly mixed and allowed to settle in Imhoff 
cones. After about half an hour the settled solids were drained from the Imhoff cone and a 
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sample of the supernatant was collected and submitted to the RWQCP laboratory for 
analysis. The test results are summarized on Figure 7.3. As shown in the figure, EPT did 
increase primary clarifier performance. The key results from the experiment are 
summarized in Table 7.3.  

Table 7.3 Enhanced Primary Treatment Bench Test Results 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Plant 1 Plant 2 
Control   

COD Removal 32% 24% 
TSS Removal 59% 54% 

Optimum Dose   
Dose, mg/L as FeCl3 10 15 
COD Removal 46% 45% 
TSS Removal 68% 71% 

Maximum Dose Tested   
COD Removal 50% 49% 
TSS Removal 76% 72% 

The optimum ferric chloride dose at Plant 1 appeared to be approximately 10 mg/L and 
15 mg/L at Plant 2. 

The effect of EPT on secondary treatment is summarized in Table 7.4. 

Table 7.4 Summary of Enhanced Primary Treatment Testing Results 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Conventional EPT 
Aeration Basin Influent 

BOD, mg/L 160 112 
TSS, mg/L 101 61 
NH4-N, mg/L 29 28 
TKN, mg/L 38 35 
Soluble BOD, mg/L 64 60 
BOD: TKN Ratio 4.2 3.2 

Aeration Basin Operating Conditions 
SRT, days 5.3 8.9 
MLSS, mg/L 3,500 3,500 
Anoxic Fraction 25% 50% 
Primary Sludge, lb/d 63,250 82,900 
WAS, lb/d 43,200 25,400 
Digester Feed Flow, mgd 0.50 0.49 
Aeration Basin Air, scfm 27,600 21,500 
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Table 7.4 Summary of Enhanced Primary Treatment Testing Results 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Conventional EPT 
Secondary Effluent Quality 

NH4-N, mg/L 0.7 0.5 
Total Organic Nitrogen, mg/L 2.7 2.7 
NO3-N, mg/L 6.9 7.5 
Total Inorganic Nitrogen, mg/L 7.6 7.9 
Total Nitrogen, mg/L 10.3 10.6 

The table confirms that EPT has the potential to reduce the operating costs of the 
secondary treatment (approximately 22-percent savings in aeration air and 41-percent 
savings in WAS mass, while primary sludge production increases by 31 percent). However, 
it should be noted that EPT reduces the BOD to Total Kjeldahl Nitrogen (TKN) ratio in the 
aeration basin influent from 4.2 to 3.2. 

Typically, when this ratio drops below 4.0, special measures are required to achieve a high 
level of denitrification. In this case, the anoxic fraction in the aeration basin needs to be 
increased to 50 percent. This means that there is no capacity increase as the reduced 
aerobic volume requirement with EPT is taken up by the increased anoxic volume. 
Operating the basin at such a high anoxic fraction may also increase the SVI. Should that 
happen, secondary clarifier performances would be affected and the secondary treatment 
capacity could be reduced. 

For these reasons, EPT is not recommended for the RWQCP and is not discussed further.  

7.4.2 Conventional Activated Sludge Process 

The City operates two separate trains of CAS process. The secondary treatment processes 
at Plant 1 and Plant 2 are rated at 20-mgd AA each. For future increase in capacity, Plant 1 
will be expanded since some of the process units in Plant 1 have aged and there is enough 
room for future units in Plant 1, whereas Plant 2 has limited room for future expansions. 
The expansion would increase Plant 1 capacity to 32.2-mgd AA and the total RWQCP 
treatment capacity to 52.2-mgd AA.  

The CAS process is a proven wastewater treatment method and the City has had good 
experience with the process. Additionally, the operators at the RWQCP are well versed with 
the operation and maintenance of the facilities involved in a CAS process. Hence, for the 
next expansion, the CAS process was chosen as a secondary treatment alternative for 
further evaluation. For the comparison of the treatment alternatives, the CAS alternative 
was used as a base case scenario. A process schematic of the CAS process is shown on 
Figure 7.4. 

The process requirements for the CAS process are summarized in Section 7.5. 
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EPT TEST RESULTS

FIGURE 7.3
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PROCESS SCHEMATICS

FIGURE 7.4
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7.4.3 Membrane Bioreactor Process  

The MBR combines conventional biological treatment with the use of membranes for the 
separation of the solid and liquid phases. The MBR treatment train is similar to the existing 
secondary processes except that membranes replace the secondary clarifiers and tertiary 
filters. In the MBR process, the MLSS can be increased beyond that which is possible in 
CAS systems. Figure 7.4 includes a process schematic for the MBR alternative. 

Typically, MBR systems operate at MLSS concentrations in the range of 8,000 to 
10,000 mg/L, compared with a value of around 2,500 to 3,000 mg/L in the CAS. The higher 
MLSS provides the benefit of a greater treatment capacity per unit volume of aeration 
basin. In order to minimize the solids buildup near the membrane surface, which would 
reduce the flow of water through the membranes, membrane agitation air is introduced to 
scour the membrane surface. This air is usually in addition to the biological process air 
requirements, although at least one manufacturer combines both air needs as shown on 
Figure 7.5, part (A). 

Because the process incorporates a membrane barrier, it produces a low turbidity effluent 
that is not impacted by quality changes in the feed water. Another benefit is that the effluent 
TSS concentration is low enough that tertiary filtration is not required. In addition, the 
treated effluent consistently has a low turbidity, which means process reliability is good. 
Finally, because the MBR system would operate at a longer SRT, there would be some 
endogenous destruction of the biomass within the process. Therefore, total sludge 
production from the facility be would reduced by about 10 to 15 percent, compared with 
operating a CAS plant.  

The higher SRT also has benefits related to future regulatory requirements. At the Inland 
Empire Utilities Agency Regional Plant 5, it was shown that operating a CAS at a very high 
SRT (40 days) the effluent was able to perform much better in the WET test. Operating at a 
high SRT also improves the destruction of recalcitrant compounds including EDCs. The 
consistently low TSS concentration in the MBR effluent also means that disinfection is 
easier to achieve and that more disinfection process options are available. The MBR 
effluent would also be most compatible with using an advanced oxidation process (such as 
ozone) to destroy remaining organic compounds. All these factors make MBR the process 
that could most easily be combined with advanced tertiary treatment options to meet future 
effluent limits (Volume 2, Chapter 2 - Regulatory Requirements).  

All MBR systems require screening of the influent to protect the membranes. In systems 
that incorporate hollow-fiber membranes (most systems), it is important that abrasive solids 
and hair be removed. To accomplish this, MBR systems require fine screening of the feed 
water in the range of 1 mm. Abrasive solids can wear through the membrane fibers and 
cause failures, while hair wraps around the fibers, causes clumping of the mixed liquor and 
is very difficult to remove. Ideally, fine screens are installed upstream of the aeration 
basins, but they can also be installed in the sludge recycle line between the aeration basins 
and the membrane tanks depending on the site layout.  

February 2008 7-12 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 04\Ch07.doc 



MBR PROCESS 
CONFIGURATION

FIGURE 7.5
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One MBR supplier has a flat sheet membrane configuration, which is less susceptible to 
issues with hair, but is still subject to abrasion. This system can be used with 3-mm 
screens. 

Even with air agitation, membranes lose their water permeability (flux rate) with time and 
require cleaning. Most MBR systems include regular relaxing (zero flux) or back pulsing 
(using permeate to dislodge accumulated solids). Depending on operating conditions, a 
chemical clean may be required every 3 to 6 months. Chemical cleaning typically involves 
submerging the membranes in a solution of either sodium hypochlorite (to remove 
biological fouling) or citric acid (to remove lime scale). 

There are different ways to configure an MBR system as shown on Figure 7.5. In the 
original plants that were built (around 1 mgd or less), the membranes (in the form of 
cassettes) were simply installed directly into the aeration basins creating a combined 
membrane-aeration tank. When it is time for chemical cleaning, the membrane cassettes 
are lifted out of the aeration basins (by crane) and dipped into a cleaning tank. Cleaning 
could require 4 to 6 hours of soaking before the cassette is returned to the aeration basin. 
Alternatively, at least one manufacturer operates by cleaning the membranes in place in the 
aeration basin. 

The other approach to designing MBR systems, as shown on Figure 7.5, part (B), is to 
construct a separate membrane tank to house the membranes. The mixed liquor is 
circulated from the aeration basin to the membrane tank and back to the aeration basin. In 
this configuration, the membrane tank can be divided into cells that can be taken off-line 
and cleaned. A potential disadvantage of this approach is that a separate tank is required. 
For the RWQCB, the secondary clarifiers could be modified to become the membrane 
tanks.  

A comparison of the separate membrane tank approaches is presented in Table 7.5. 

Table 7.5 Comparison of Combined and Separate Membrane Tank Processes 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Combined Membrane-Aeration Separate Membrane Tank 

Removing membranes, placing them in a 
small cleaning tank and then returning them to 
the aeration basins is operator intensive. 

Without individual flow control on each 
cassette, the clean membrane, when returned 
to operation, would take most of the load 
compared to the other membrane cassettes. 
This leads to uneven distribution of flow 
through the membrane cassettes and 
inefficient use of the available membrane area.

Removal of membrane cassettes for 
cleaning is not needed, as individual cells 
can be taken off-line. 

A complete train of membranes can be 
cleaned simultaneously, so the flow 
through the membranes can be controlled 
(relative to the other trains) when the clean 
membranes are brought back online. 

Major modifications to the aeration basins 
are not required. 
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Table 7.5 Comparison of Combined and Separate Membrane Tank Processes 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Combined Membrane-Aeration Separate Membrane Tank 

Aeration basins tend to be much deeper than 
required to house the membranes, so complex 
systems are required to support the 
membranes and associated piping.  

The activated sludge biological system 
can be designed, configured, and 
operated independently of the membrane 
tanks. 

The separate membrane tank approach is 
well suited to larger installations where the 
number of membrane cassettes is high. 

The main disadvantage of the separate membrane tank configuration is that a high rate 
mixed liquor recycle system must be installed and operated. Typically, a recycle rate of 
400 percent is used to maintain the aeration tank MLSS concentration at 80 percent of the 
membrane tank MLSS concentration. 

Based on the above discussion, the combined membrane-aeration tank option is not 
considered further. For the preliminary evaluation of expansion of Plant 1, the separate 
membrane tank approach will be used. 

The process requirements for converting the Plant 1 CAS system to an MBR system are 
summarized in Section 7.5. 

7.4.4 Attached Growth Processes 

Attached growth processes use biomass attached to media to perform the required 
biological transformations. In these applications, the attached growth forms a film on the 
media; this is referred to as biofilm. The differences between suspended and attached 
growth processes are summarized in Table 7.6. 

Table 7.6 Comparison of Suspended and Attached Growth Processes 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 
Suspended Growth Attached Growth 

No gradient for soluble compounds under typical 
conditions.  

A significant gradient that drives diffusion 
of soluble compounds. 

Biomass moves with effluent through bioreactor. Biomass stationary while effluent passes 
through. 

Bioreactor effluent has a high TSS concentration. Bioreactor effluent TSS is low. 
Clarifier design must take both solids and 
hydraulic loads into account. 

Clarifier design based on hydraulic 
loading only.  

Produces more WAS. Produces less WAS. 
Process parameters (such as SRT, aeration MLSS 
concentration) can be controlled. 

Limited process control options. 
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Table 7.6 Comparison of Suspended and Attached Growth Processes 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 
Suspended Growth Attached Growth 

Provides contact time between biomass and 
effluent of several hours. 

Contact time of minutes. 

Can be designed to perform Biological Nutrient 
Removal (BNR). 

Limited ability to perform BNR. 

Superior effluent quality. Inferior effluent quality. 

Some modern attached growth processes differ from the more traditional processes in that 
in the modern process the media is submerged below the water surface. This means that, 
as for suspended growth processes, aeration air must be introduced at pressure (related to 
the diffuser submergence depth). This also allows for increased contact times, but still does 
not allow the operator to completely control the solids inventory. 

There are two versions of the modern attached growth processes: 

• Moving Bed Bioreactor (MBBR) or Submerged Fixed Film (SFF). 

• IFAS. 

The process schematic for each process is shown on Figure 7.6. Primary effluent enters the 
basin that contains the media and the attached biomass. The effluent from the basin 
passes through a clarifier before proceeding to tertiary treatment. Settled sludge goes to 
sludge handling. For MBBR/SFF, as with trickling filter effluent, the TSS concentration in 
the bioreactor effluent is low. 

The IFAS process schematic is similar to the MBBR/SFF flow diagram. The main difference 
is the presence of a RAS line that allows the cultivation of suspended biomass in addition to 
the attached biomass. The bioreactor effluent has a high TSS concentration, similar to 
suspended growth processes. 

The two processes are compared in Table 7.7. 

Table 7.7 Comparison of IFAS and MBBR Processes 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 
MBBR/SFF IFAS 

Attached biomass only Attached and suspended biomass 
No RAS line RAS to a CAS process 
Biomass inventory cannot be controlled Biomass inventory can be partially controlled 
Pin floc due to low TSS in basin effluent Typically have low SVI 
No control over solids inventory Solids inventory can be controlled 
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PROCESS SCHEMATIC

FIGURE 7.6
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The IFAS system has some important advantages, especially the ability to partially control 
biomass inventory (or SRT). Since the activated sludge process at the RWQCP already 
includes RAS pumps and provisions to handle high bioreactor TSS concentrations, there is 
no additional investment for selecting IFAS above MBBR. In addition, the suspended 
biomass does not have to be attached to media, which means that the total surface area of 
the required media is reduced. For these reasons, further evaluation of attached growth 
processes is based on an IFAS system. 

There are two different kinds of media that can be used with the IFAS system, free floating 
or fixed, as shown on Figure 7.7. The free-floating media consist of small plastic elements 
that have positive buoyancy. Fixed media is typically attached to a frame that can be 
lowered to the floor of the basin. Fixed media can consist of either rigid media (like 
structured packing used in trickling filters) or pliable media (typically attached to a frame 
that allows for limited media movement). Free-floating and fixed media are compared in 
Table 7.8.  

Table 7.8 Comparison of Fixed Film Process Media 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Free-Floating Media Fixed Media 

Influent: Fine Screens and Primary Treatment 
are required 

Influent: Fine Screens not required 

Coarse Bubble Aeration only Fine or Coarse Bubble Aeration 

Screens required in Basin to Retain Media(1) No Screens required in basin 

Large area per unit volume Smaller area per unit volume 

Notes: 
(1) Screens typically produce 2 to 6 inches of water column head loss, per screen. 

Free-floating media require fine screens upstream of the basin to prevent plugging of the 
screens in the basin itself. Coarse bubble aeration is required to achieve enough turbulence 
to ensure a good distribution of the media throughout the basin depth. The coarse air also 
helps to prevent plugging of the basin’s screens. The free-floating media allows greater 
treatment capacity for a given basin volume, due to its greater surface area. 

Due to the facts that the City has recently installed new fine bubble diffusers and that plant 
hydraulics are already a limiting factor, it was decided to concentrate on fixed media for this 
evaluation. The evaluation specifically considered pliable media, as it allows more biomass 
attachment per unit area. Should IFAS be selected, a comparison of rigid and pliable media 
alternatives can be made during preliminary design. 

To increase the treatment capacity at the RWQCP to 52.2 mgd, both Plant 1 and Plant 2 
CAS processes would have to be converted to the IFAS process. The process 
requirements for the conversion are summarized in Section 7.5. 
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CITY OF RIVERSIDE

ATTACHED GROWTH
 MEDIA OPTIONS

FIGURE 7.7
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7.5 PROCESS MODELING OF TREATMENT ALTERNATIVES 

7.5.1 Conventional Activated Sludge Alternative 

Expansion using CAS would entail adding aeration basins and secondary clarifiers to the 
Plant 1 system. The primary effluent piping from the new Plant 1 primary clarifiers would 
need to be expanded. Mixed liquor piping between the Plant 1 aeration basins and 
secondary clarifiers would also need to be expanded. Secondary effluent piping to transfer 
secondary effluent to the equalization basins would also need to be expanded. The diffuser 
count in the existing basins would be increased from the current 588 to 694 units.  

7.5.2 Membrane Bioreactor Alternative 

One additional aeration basin would be required. The recycle from the membrane tank will 
have a high Dissolved Oxygen (DO) concentration and would inhibit denitrification if 
returned to the anoxic zone of the aeration basins. Instead, the membrane tank recycle will 
be discharged in the aerobic zone of the aeration basin. The existing mixed liquor return 
system in the aeration basins would be expanded from the existing 7,000 gpm to 
17,000 gpm. The diffuser count in the existing basins would be increased to 1,096 units. 
Two of the existing secondary clarifiers would be retrofitted into membrane tanks. There 
would be nine trains in total. The plant would be able to operate at full capacity even with 
one membrane train out of service.  

The MBR system in Plant 1 would treat 32.2 mgd, to give a total capacity of 52.2 mgd for 
the whole plant. Treated effluent would be pumped through the membrane by permeate 
pumps and the solids would be returned to the aeration basin by recycle pumps. WAS 
would be withdrawn from the return line where the MLSS concentration is at its highest.  

In order to implement this alternative, fine screens (about 1-mm openings) would need to 
be installed. Based on the existing site configuration it is proposed that the screens would 
be installed to treat the primary effluent upstream of the Plant 1 aeration basins. A new pipe 
would be needed to convey primary effluent from the new Plant 1 primary clarifiers 
(Volume 4, Chapter 6 - Primary Treatment). In addition, the Plant 1 aeration basin influent 
channel would need to be extended for the new aeration basin. By further extending this 
channel, a channel is created that could house the new fine screens. However, due to the 
high head loss at the fine screens, there might be a need to pump the primary effluent to 
accommodate the screens. The hydraulic requirements should be determined during the 
preliminary design. 

7.5.3 Integrated Fixed Film Activated Sludge Alternative 

Implementing the IFAS process would mean increasing the secondary treatment capacity of 
both Plants 1 and 2. It is estimated that a total media surface area of 1,360,000 feet2 would 
need to be installed in Plant 1 and 1,836,000 feet2 in Plant 2. The increased biomass in the 
aeration basins would increase the oxygen demand, increasing required blower capacity as 
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well as diffusers. The diffuser count in Plant 1 would increase to 896 units per basin and to 
818 units per basin in Plant 2.  

7.5.4 Process Modeling 
A Biotran process model was set up for the three secondary treatment alternatives for the 
RWQCP. A copy of the Biotran model is included in Appendix A. The modeled plant 
performance characteristics are summarized in Table 7.9. Figures 7.8, 7.9, and 7.10 show 
the proposed layout for the CAS, MBR, and IFAS alternatives, respectively.  

Table 7.9 Modeling of Secondary Treatment Alternatives for Plant 1 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter CAS MBR 
IFAS 

Plant 1(1) 
IFAS 

Plant 2(1) 

Aeration Basin Influent(2)     
Average Flow, mgd 32.2 32.2 22.1 30.1 

BOD, mg/L 160 169 164 176 

TSS, mg/L 101 106 104 130 

VSS, % 86 90 88 109 

NH3-N, mg/L 29.2 32.5 27.8 30.3 

Organic-N, mg/L 8.7 8.9 8.8 9.8 

NO3-N, mg/L 0.6 0.3 0.4 0.7 

Alkalinity, mg/L as CaCO3 266 279 262 270 

Filterable ("soluble") BOD, mg/L 64 67 66 63 

Process Requirements     
No. of Fine Screens N/A 4 N/A N/A 

Clear Screen Opening, mm N/A ~1 N/A N/A 

New Aeration Basins 4 1 0 0 

New Secondary Clarifiers 3 0 0 0 

Membrane Tanks N/A 2(3) N/A N/A 

Tertiary Equalization Requirement Yes No Yes Yes 

New Tertiary Filters(4) 10 0 10 10 

Aeration Basin Operating Conditions 
SRT, days 5.3 9.6 6.5 5.6 

MLSS, mg/L 3,500 10,000 5,500(5) 4,500(5) 

February 2008 7-21 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 04\Ch07.doc 



Table 7.9 Modeling of Secondary Treatment Alternatives for Plant 1 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter CAS MBR 
IFAS 

Plant 1(1) 
IFAS 

Plant 2(1) 

WAS, lb/day 43,200 40,500 28,000 55,150 

Aeration Basin Air, scfm 29,500 35,200 22,400 32,300 

Scour Air, scfm N/A 25,000(6) N/A N/A 

Sludge Disposal, wet tons/day 206 198 207 

Expected Secondary Effluent Quality     
BOD, mg/L 3 1 3 3 

TSS (nominal), mg/L 5 0 5 5 

Ammonia, mg/L as N 0.7 0.3 0.5 0.5 

Total Organic Nitrogen, mg/L as N 2.7 2.3 2.6 2.6 

NO3-N, mg/L as N 6.9 7.3 5.4 5.4 

Total Inorganic Nitrogen, mg/L 7.6 7.6 5.9 5.9 

Total Nitrogen, mg/L 10.3 9.9 8.5 8.5 

Turbidity, NTU <1.0 <0.2 <1.0 <1.0 

Notes: 
(1) For the IFAS alternative, it is assumed that both Plants 1 and 2 would be converted to 

IFAS from CAS.  
(2) The aeration basin influent quality varies for the three processes because of the effects 

of the different quality of the recycle streams.  
(3) Two Plant 1 secondary clarifiers would be retrofitted into membrane tanks.  
(4) For this analysis, it is assumed that if the City decides to expand the tertiary filtration 

facility, the new filter would be a cloth-media filter (for details refer to Volume 4, 
Chapter 8 - Tertiary Treatment).  

(5) The MLSS concentrations for the IFAS systems are effective biomass concentration 
values (including attached growth) and not the actual MLSS concentration.  

(6) The scour air is required only for 15 seconds per minute during normal operation. Under 
high loads, the scour aeration rate can be doubled to 30 seconds per minute. 

MBR effluent quality is better than the other alternatives, particularly for TSS and turbidity. 
Tertiary filtration is not required for this alternative. In the future, if the City has to use 
Reverse Osmosis (RO) treatment to meet lower dissolved salt limits or is required to have 
higher quality recycle water, the MBR alternative provides a distinct advantage. 
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FIGURE 7.8

CAS ALTERNATIVE
PROPOSED SITE LAYOUT

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN
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FIGURE 7.9

MBR ALTERNATIVE
PROPOSED SITE LAYOUT

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN
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FIGURE 7.10

IFAS ALTERNATIVE
PROPOSED SITE LAYOUT

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN
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7.6 COMPARISON OF SECONDARY TREATMENT 
ALTERNATIVES  

7.6.1 Non-Economic Comparison  

Table 7.10 lists some advantages and disadvantages for the three alternatives discussed 
above.  

Table 7.10 Advantages and Disadvantages of Secondary Treatment Alternatives 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Advantages Disadvantages 
Alternative 1 - CAS  
• Proven system with long operational history. 
• Relatively easy to control and operate. 

• Large volume and footprint requirements.  
• Limited to MLSS concentrations in the 

1,000- to 5,000-mg/L (max.) range. 
Alternative 2 - MBR  
• Longer SRTs increase the potential for 

complete nitrification.  
• Longer SRTs enhance the oxidation of 

recalcitrant toxic compounds, which may be 
regulated in the future.  

• Stable process operation due to higher 
MLSS. 

• Longer SRTs lead to lower sludge production.
• High-quality effluent irrespective of fluctuation 

of influent water quality. No tertiary filtration 
required.  

• Small footprint. 

• High MLSS and SRT means higher 
aeration cost. 

• High operating costs due to scour air 
requirement. 

• High membrane replacement costs. 
• Most membrane units available in the 

market are proprietary and the units are not 
interchangeable. 

Alternative 3 - IFAS  
• Higher effective MLSS translates to higher 

aeration basin capacity. 
• Improved sludge settleability increases 

capacity of secondary clarifiers.  
• Small footprint. 

• New technology with limited operational 
history. 

• Treatment performance deteriorates at 
peak flow conditions. 

• Most existing installations are small plants 
with limited operational/performance data. 

• Media for attached growth is proprietary. 
• Process models are still under 

development.  
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Table 7.11 summarizes a comparison of the three different secondary stream treatment 
alternatives discussed above.  

Table 7.11 Comparison of Recycle Treatment Alternatives 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 CAS MBR IFAS 

Toxics Removal 0 + 0 

EDCs Removal 0 + 0 

Sludge Settleability 0 0 + 

Sludge Thickenability + 0 + 

Tertiary Filters Required YES NO YES 

Disinfectability 0 + 0 

Reliability 0 + 0 

Constructability – 0 0 

Maintenance Requirements 0 – + 

Energy Input + – + 

Operating Experience + 0 – 

Process Complexity 0 – 0 

Recovery from Upset – 0 + 

Legend: 
+ = Positive comparative characteristic. 
– = Negative comparative characteristic. 
0 = Neutral comparative characteristic. 

7.6.2 Economic Evaluation  

A life-cycle cost analysis was performed for the three process alternatives. Costs were 
estimated for the following three different conditions: 

1. Treatment train with primary effluent equalization. 

2. Treatment train without primary effluent equalization but with secondary effluent 
equalization. 

3. Secondary treatment with high SRT. 
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A summary of the costs for the treatment train alternative with primary equalization is 
shown in Table 7.12.  

Table 7.12 Life-Cycle Cost of Secondary Treatment Alternatives - With Primary 
Effluent Equalization 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 CAS MBR IFAS 
Project Cost $103,105,000 $118,190,000 $104,970,000
Annual O&M Cost $1,150,000 $1,800,000 $1,120,000 
Membrane/Media Replacement Cost(1) N/A $6,610,000(2) $700,000(3)

Life-Cycle Cost(4) $122,890,000 $158,800,000 $135,500,000
Notes: 
(1) The costs associated with replacement of diffusers and other process equipment was 

not included for this comparison as the costs for such items would be similar for all 
three alternatives.  

(2) For this analysis, it was assumed that the average membrane life is 6 years. The 
replacement cost includes only the cost for replacing the membranes.  

(3) The cost of media replacement was based on the assumption that about 5 percent of 
the media would be destroyed or lost every year.  

(4) As present value, assuming life-cycle period of 19 years, discount rate of 6 percent, 
and escalation rate of 6 percent for the first 5 years and 4 percent thereafter. 

The table shows that CAS is the most cost effective, with IFAS the next most cost effective. 
To show the effect of primary effluent equalization the cost estimates for all three options 
without primary effluent equalization are summarized in Table 7.13.  

Table 7.13 Life-Cycle Cost of Secondary Treatment Alternatives - Without 
Primary Effluent Equalization 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

 CAS MBR IFAS 
Project Cost $95,824,000 $126,992,000 $98,370,000 
Annual O&M Cost $1,152,000 $1,624,000 $1,120,000 
Membrane/Media Replacement Cost(1) N/A $ 6,600,000(2) $700,000(3)

Life-Cycle Cost(4) $115,610,000 $166,740,000 $128,880,000 
Notes: 
(1) The costs associated with replacement of diffusers and other process equipment was 

not included for this comparison as the costs for such items would be similar for all 
three alternatives.  

(2) For this analysis, it was assumed that the average membrane life is 6 years. The 
replacement cost includes only the cost for replacing the membranes.  

(3) The cost of media replacement was based on the assumption that about 5 percent of 
the media would be destroyed or lost every year.  

(4) As present value, assuming life-cycle period of 19 years, discount rate of 6 percent, 
and escalation rate of 6 percent for the first 5 years and 4 percent thereafter. 
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A comparison of these two tables shows that without primary effluent equalization there is 
an even bigger difference between MBR and the other two options. This is due to the fact 
that without equalization, more membrane cassettes must be installed to allow the system 
to handle the higher diurnal peaks. Hence, the primary effluent equalization benefits the 
economics of the MBR alternative. However, the costs presented above do not account for 
the benefits of an MBR system regarding WET. Drury et al. (1999) postulated that both high 
SRT and high MLSS concentration were helpful in improving effluent WET results. High 
SRT would enable slow growing biomass, capable of toxic compound destruction, to 
survive in the aeration basin. High MLSS concentrations would improve adsorption of the 
toxic compounds onto the biomass. As indicated in Table 7.9, the MBR alternative would 
have both higher SRT and MLSS concentration than the other two alternatives. The high 
MLSS concentration is unique to the MBR process. This means that if the Drury hypothesis 
is correct, the MBR process will have unique advantages regarding WET. It is assumed that 
EDCs would respond the same way as toxic compounds to an increase in both MLSS 
concentration and SRT. If the CAS and IFAS systems were to be designed for a higher 
SRT, the process would require additional aeration basins and secondary clarifiers. 
Table 7.14 shows a cost estimate that assumes operating all three processes at a high 
SRT.  

Table 7.14 Life-Cycle Cost of Secondary Treatment Alternatives - High SRT 
(Without Primary Effluent Equalization) 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

 CAS MBR IFAS 

Project Cost $139,730,000 $126,922,000 $137,720,000  

Annual O&M Cost $1,095,000 $1,624,000 $1,053,000 

Membrane/Media Replacement Cost(1) N/A $6,600,000(2) $700,000(3)

Life-Cycle Cost(4) $159,082,000 $166,740,000 $167,120,000 

Notes: 
(1) The costs associated with replacement of diffusers and other process equipment was 

not included for this comparison as the costs for such items would be similar for all 
three alternatives.  

(2) For this analysis, it was assumed that the average membrane life is 6 years. The 
replacement cost includes only the cost for replacing the membranes.  

(3) The cost of media replacement was based on the assumption that about 5 percent of 
the media would be destroyed or lost every year.  

(4) As present value, assuming life-cycle period of 19 years, discount rate of 6 percent, 
and escalation rate of 6 percent for the first 5 years and 4 percent thereafter. 

The table shows that increasing the SRT for the CAS and IFAS systems increases the 
capital cost for the alternative to more that that of the MBR system. The annual operating 
and maintenance cost is still higher for the MBR alternative. The result is that the life-cycle 
cost for all three alternatives are with the range of uncertainty for the cost estimates. Under 
these conditions life-cycle costs do not strongly favor any of the three options. Based on the 
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ability to achieve better effluent quality and do so more consistently, the City chose the 
MBR alternative for future expansion. 

7.7 EXPANSION PROJECT PHASING 
Current flows of approximately 33 mgd (80 percent of rated capacity) and 30-day running 
averages as high as 35 mgd would indicate that the RWQCP needs additional capacity. 
The City has no control over how fast the CSDs and the Highgrove area increase their 
flows into the RWQCP. And, based on housing activity in the summer of 2006, there was 
concern that residential development would grow faster than was currently predicted. If 
these occurred there was a good chance that RWQCP flows would tend toward the 
high-growth scenario. In addition, for a master planning process it is more prudent to plan 
based on conservative assumptions about future growth. For these reasons, the City chose 
to use the high-growth scenario (52.2 mgd and an annual growth rate of 1.5 percent) as the 
basis of the process alternative evaluations for the Integrated Master Plan. This decision 
was made at a meeting on August 31, 2006. Since that time, a slow down in the housing 
market has occurred, which caused the City to reevaluate the potential RWQCP influent 
flows for the master plan planning period. Based on the reevaluation, the City, at a meeting 
on September 20, 2007, decided that the lower end of the 90-percent confidence interval 
would be more appropriate as the basis for 2025 RWQCP flow projections. This results in 
an average daily flow of 47.3 mgd, which corresponds to an annual growth rate of 
0.75 percent (low-growth scenario). The City therefore decided to expand the secondary 
treatment facilities in two phases. The first phase will expand the treatment capacity of 
Plant 1 from 20 mgd to 26.1 mgd and the second phase to 32.2 mgd. The capacity of 
Plant 2 will remain at 20 mgd.  

For such a phased expansion, the City has decided to purchase MBR equipment to 
construct an MBR facility of 26.1 mgd. However, the Plant 1 structures will be modified to 
handle the final expanded flow capacity of 32.2 mgd during the first phase and the 
additional aeration basin would be constructed. The MBR equipment for the full capacity will 
be procured when actual influent flow to the RWQCP starts approaching the 46.1-mgd 
capacity of the first phase. 

7.8 CONTROL OF EFFLUENT ORGANICS 
The City presently owns and operates constructed wetlands in the Hidden Valley area. 
Originally developed to aid in nutrient removal, such wetlands may also be useful for 
reducing trace metals, complex organics, and providing a carbon matrix in the final effluent 
that is more similar to that found in natural streams. Due to the present regulatory 
environment, it is unlikely that the wetlands can be expanded at this time. However, the City 
plans to continue to use the existing wetlands as an effluent polishing treatment process. 
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7.9 ODOR CONTROL 
The City requested that Carollo investigate covering of secondary clarifiers for odor 
concerns. While secondary clarifiers are not typically prime sources of odor in a wastewater 
treatment plant, some owners choose to cover the clarifiers for aesthetic reasons. For this 
evaluation, it was assumed that only the effluent weirs would be covered, as the hydraulic 
conditions at the weirs would promote the bulk of any released odor. A typical weir cover is 
shown on Figure 7.11 for a circular clarifier. The weir cover for a rectangular clarifier would 
require some additional elements to support it above the weir, as shown on Figure 7.12. In 
addition to the weir covers, the odor control system would include blowers to collect the 
headspace air, some form of odor control system such as a biofilter, and the required 
ducting. Additional evaluation of secondary clarifier odor control would be done during 
preliminary design if the City decides to pursue it further.  

7.10 RETURN ACTIVATED SLUDGE/WASTE ACTIVATED 
SLUDGE PUMPING 

Selection of RAS/WAS pumps is based on the flow and head characteristics of the 
RAS/WAS. Final selection of the pump types will be determined during preliminary design 
when the flow and head characteristics are known.  

7.11 REFERENCE 
Drury D, Clifton N., Todd A.C., Buhr H.O. and Moore T. Operating and Designing 
Municipal Wastewater Treatment Plants to Treat Toxicity, WEFTEC (October 1999), 
New Orleans, LA.  
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FIGURE 7.11

WEIR COVER FOR
CIRCULAR CLARIFIERS

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN
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FIGURE 7.12

TYPICAL WEIR COVER
FOR RECTANGULAR 

CLARIFIERS

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN
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Appendix A 

BIOTRAN MODEL 
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 == CONFIDENTIAL == NOT FOR DISTRIBUTION ===

CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 02/27/2008 1:50 PM Ch07-AppA.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

NOTES regarding this application: With Better Sludge Settleability MBR With Better Sludge Settleability With Better Sludge Settleability
60:40 Recycle Split With Better Sludge Settleability 60:40 Recycle Split 30:70 Recycle Split
Based on aeration capacity 80:20 Recycle Split Based on aeration capacity Based on aeration capacity
APAD Based on aeration capacity APAD APAD
Centrifuge, not BP APAD Centrifuge, not BP Centrifuge, not BP

Centrifuge, not BP

SUMMARY:
FLOW RATES, mgd:
- Raw WW Flow 35.5 22.2 35.5 22.2 35.5 22.2 24.4 33.3
- Flow to Primaries 40.6 25.6 39.3 23.2 41.0 25.9 26.9 39.0
- Flow to Activated Sludge 39.2 25.3 37.8 23.0 39.1 25.0 26.0 38.4

SECONDARY EFFLUENT QUALITY, mg/L:
- BOD (est.), mg/L 2 2 1 2 2 2 2 2
- TSS (nominal), mg/L 5 4 0 4 5 4 5 4
- NH3-N, mg/L [Note] 0.26 0.40 0.24 0.29 0.46 0.87 0.19 0.42
- NO3/NO2-N, mg/L 6.7 7.4 7.4 6.6 7.5 7.7 5.4 7.2
- T.I.N., mg/L 7.0 7.8 7.6 6.9 8.0 8.6 5.6 7.7

PRIMARY CLARIFIERS
- # of Clarifiers 4 4 4 4 4 4 4 4
- # in Service 4 4 4 4 4 4 4 4
- Surface Overflow Rate, gpd/sf 897 902 869 817 907 913 948 1,376

AERATION BASINS
- # of Basins 12 6 13 6 8 6 6 6
- # in Service 11 6 13 6 8 6 6 6
- Hydraulic Deten. Time, hr 6.8 7.5 3.6 8.2 5.0 7.5 5.6 4.9
- Operating Last-Pass MLSS, mg/L 3,500 2,500 10,000 2,500 3,500 2,500 5,500 4,500
- Design Temperature, deg C 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
- Unaerated Volume Fraction 0.25 0.40 0.45 0.40 0.50 0.60 0.25 0.40 Selected
- Aerobic SRT, days 5.95 3.52 5.23 4.08 4.41 3.93 8.13 3.39

-- Min. Aerobic SRT for Nitrification 5.46 4.41 5.03 4.41 4.68 5.38 5.76 4.41
- Total SRT, days 7.93 5.87 8.37 6.80 8.83 9.84 10.84 5.64

-- Recommended Min. Total SRT for Nitrification 7.28 7.35 8.04 7.35 9.36 13.46 7.68 7.35
- F/M, lb BOD Appl./lb MLSS-day 0.21 0.33 0.24 0.31 0.31 0.35 0.17 0.31
- Aer. BOD Loading, lb BOD/1000 cf-day 47 52 127 49 67 55 58 88
- ML Recirculation Ratio 2.5 2.0 3.2 2.2 2.5 2.0 2.3 2.0 Selected
- Process Air (est.), scfm 19,300 12,910 25,000 11,350 15,530 8,780 13,910 23,600

MEMBRANE BIO-REACTOR
- # of Membrane Zones (Basins) 8
- # of Membrane Cassettes per Zone 18
- Total Membrane Modules (Elements) 7,022
- Total Membrane Area, sf 2,387,383
- Average Operating Flux, gfd 15.6
- Normal Daily Peak Flux, gfd 20.1

-- One Membrane Zone Out of Service, gfd 23.0
- Scrubbing Air Blowers Installed (1 standby) 9
- Blower Capacity, each, scfm 1,200
- Blower Motor Size, each, hp 60

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)
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 == CONFIDENTIAL == NOT FOR DISTRIBUTION ===

CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 02/27/2008 1:50 PM Ch07-AppA.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

SECONDARY CLARIFIERS
- # of Basins 7 4 4 7 4 4 5
- # in Service 6 4 4 6 4 4 5
- Sec. Clarifier SOR, gpd/sf 735 589 537 737 587 731 683
- Sec. Clar. Solids Loading, lb/day-sf 29 16 15 29 16 54 37
- Clarifier Safety Factor (CSF) 2.4 3.0 3.3 2.4 3.1 1.6 2.1

-- CSF Target 2.3 2.3 2.3 2.3 2.3 2.3 2.3

DETAILED CALCULATIONS:

RAW WASTEWATER (excluding Recycles)
o Plant Flow Rate, mgd 35.5 22.2 35.5 22.2 35.5 22.2 24.4 33.3
o Flow Characteristic Ratios

- Max Month/Annual Avg * 1.11 1.11 1.11 1.11 1.11 1.11 1.11 1.11 Default
- Peak 4-hr Wet-W Flow/Annual Avg * 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 Default
- Typical 4-hr Diurnal Peak/Daily Avg * 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 Default

o Wastewater Characteristics
- BOD, mg/L, Annual Average * 250 250 250 250 250 250 250 250 Default

-- Mass Load (lb/d) Peaking Factor * 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
-- Effective BOD, mg/L 282 282 282 282 282 282 282 282
"Effective" concentrations correspond to Peak Mass Loads with the flow rate used in the calculation

- TSS, mg/L, Annual Average * 250 250 250 250 250 250 250 250 Default
-- Mass Load (lb/d) Peaking Factor * 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
-- Effective TSS, mg/L 282 282 282 282 282 282 282 282

- Fpv, VSS fraction * 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 Default
-- Effective VSS, mg/L 234 234 234 234 234 234 234 234

- NH3-N, mg/L, Annual Average * 21.0 21.0 21.0 21.0 21.0 21.0 21.0 21.0 Default
-- Mass Load (lb/d) Peaking Factor * 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
-- Effective NH3-N, mg/L 23.6 23.6 23.6 23.6 23.6 23.6 23.6 23.6
Organic-N, mg/L, Annual Average * 14.5 14.5 14.5 14.5 14.5 14.5 14.5 14.5 Default
-- Mass Load (lb/d) Peaking Factor * 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
-- Effective Org-N, mg/L 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3

- NO3-N, mg/L, Annual Average * 0 0 0 0 0 0 0 0 Default
- Alkalinity, mg/L, Annual Average * 250 250 250 250 250 250 250 250 Default
- Filterable ("soluble") BOD
 -- fraction, Fbf * 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 Default
 -- mg/L 70 70 70 70 70 70 70 70
- Fvu, Fraction VSS that is Unbiodeg * 0.600 0.600 0.600 0.600 0.600 0.600 0.600 0.600 Estimated
- Total Phosphorus, mg/L, Annual Average * 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 Default

-- Mass Load (lb/d) Peaking Factor * 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
-- Effective Total-P, mg/L 12.4 12.4 12.4 12.4 12.4 12.4 12.4 12.4
-- Fraction filterable ("soluble") * 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 Default
-- Filterable P, mg/L 3.94 3.94 3.94 3.94 3.94 3.94 3.94 3.94

o Design Temperature, deg. C
- Minimum (Winter) * 20 20 20 20 20 20 20 20 Default
- Maximum (Summer) * 29 29 29 29 29 29 29 29 Default
- Design * 20 20 20 20 20 20 20 20 Winter

RECYCLE TO HEADWORKS/PRIM CLAR.S
o Flow Rate, mgd

- Filter Backwash * 3.440 2.293 5.733 1.632 0.408 2.041 3.442 2.295 5.736 1.719 4.012 5.731
- Dewatering Filterate + Washwater/Centrate * 0.163 0.108 0.271 0.216 0.054 0.269 0.166 0.110 0.276 0.080 0.187 0.268
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
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Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

- Primary Sludge Thickener Supernatant * 1.450 0.967 2.417 1.954 0.488 2.442 1.902 1.268 3.170 0.646 1.508 2.154
- Total 5.052 3.368 3.802 0.950 5.509 3.673 2.446 5.707

o Wastewater Characteristics, mg/L
- Total Recycle

-- BOD 173 173 308 308 222 222 162 162
-- TSS 301 301 510 510 342 342 288 288
-- VSS 237 237 399 399 260 260 226 226
-- NH3-N 66 66 116 116 57 57 66 66
-- Organic-N 15 15 23 23 16 16 15 15
-- NO3/NO2-N 5 5 3 3 5 5 5 5
-- Alkalinity 378 378 559 559 343 343 378 378
-- Filterable ("soluble") BOD 26.5 26.5 48.3 48.3 28.1 28.1 25.4 25.4
-- Total soluble Organic N 3.0 3.0 3.5 3.5 3.1 3.1 3.0 3.0
-- Fpv, VSS fraction 0.79 0.79 0.78 0.78 0.76 0.76 0.78 0.78

- Fvu, Fraction VSS that is Unbiodeg * 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 Default

PRIMARY TREATMENT In Service In Service In Service In Service In Service In Service In Service In Service
o Flow Rate, mgd

- Raw Wastewater 35.5 22.2 35.5 22.2 35.5 22.2 24.4 33.3
- Recycle stream 5.05 3.37 3.80 0.95 5.51 3.67 2.45 5.71
- Total Influent 40.6 25.6 39.3 23.2 41.0 25.9 26.9 39.0

o Wastewater Characteristics, mg/L
- BOD 268 267 284 283 274 273 271 264
- TSS 284 284 304 291 290 290 282 282
- VSS 234 234 250 240 237 237 233 232
- NH3-N 29 29 33 27 28 28 28 30
- Organic-N 16 16 17 17 16 16 16 16
- NO3-N 1 1 0 0 1 1 0 1
- Alkalinity 266 267 280 263 262 263 262 269
- Filterable ("soluble") BOD 65 65 68 69 65 64 66 64
- Fpv, VSS fraction 0.82 0.82 0.82 0.83 0.82 0.82 0.83 0.82

o Basin dimensions (inside)
- Basins Set - 1,2,3,4
- Number of Basins * 4 4 4 4 4 4 4 4
- Number of Units in Service * 4 4 4 4 4 4 4 4
- Diameter, ft * 120 95 120 95 120 95 95 95
- Side Water Depth, ft * 12 9 12 9 12 9 12 9
- Surface Area per Basin, sf 11,310 7,088 11,310 7,088 11,310 7,088 7,088 7,088
- Surface Area in Service, sf 45,239 28,353 45,239 28,353 45,239 28,353 28,353 28,353
- Basins Set - 5,6
- Number of Basins * 0 0 0 0 0 0 0 0
- Number of Units in Service * 0 0 0 0 0 0 0 0
- Diameter, ft * 0 0 0 0 0 0 0 0
- Side Water Depth, ft * 9 0 9 0 9 0 9 0
- Surface Area per Basin, sf 6,050 0 6,050 0 6,050 0 6,050 0
- Surface Area in Service, sf 0 0 0 0 0 0 0 0
- Total Surface Area in Service, sf 45,239 28,353 45,239 28,353 45,239 28,353 28,353 28,353

o Surface Overflow Rate, gpd/sf
- At Design Flow 897 902 869 817 907 913 948 1,376
- At Diurnal Peak Flow 1,050 1,056 1,018 956 1,062 1,069 1,110 1,611
- At Peak WW Flow 1,778 1,787 1,723 1,618 1,798 1,809 1,878 2,727

o Detention Time, hr 2.4 1.8 2.5 2.0 2.4 1.8 2.3 1.2
o Chemically Enhanced Primary Treatment

- CEPT applied? [Y=1; N=0] * 0 0 0 0 1 1 0 0 Default
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
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Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

- Ferric Chloride dosage, mg/L as FeCl3 * 10 10 10 10 10 10 10 10 Default
-- FeCl3 used, lb/d 0 0 0 0 3,422 2,158 0 0

- Polymer dosage, mg/L * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Default
-- Polymer used, lb/d 0 0 0 0 0 0 0 0

- Chem Sludge Generated, lb/d 
-- Total, lb/d 0 0 0 0 3,483 2,197 0 0

- Alkalinity Reduction, mg/L 0 0 0 0 6 6 0 0
o Removal Efficiency, %

- BOD Removal, % 40.3 40.3 40.7 41.5 59.0 58.9 39.6 33.5
- TSS Removal, % 64.4 64.3 65.0 66.1 79.0 78.8 63.3 53.9
- Non-volatile SS %, Rpn 69.6 69.5 70.3 71.4 80.7 80.5 68.5 58.4
- Organic-N Removal, % 46.5 46.4 47.4 47.6 56.7 56.6 45.6 39.2

o Primary Sludge
- Solids removed, lb/d

-- Non-chemical primary solids 63,163 39,762 66,122 37,882 79,326 49,991 40,860 50,873
-- Chemical solids from CEPT 0 0 0 0 3,483 2,197 0 0
-- Total solids removed 63,163 39,762 102,925 66,122 37,882 104,003 82,809 52,188 134,997 40,860 50,873 91,734

- Concentration, % * 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 Default
- Flow Rate, mgd 1.515 0.954 1.586 0.908 1.986 1.252 0.980 1.220
- Organic N removed, lb/d 2,654 1,670 2,757 1,592 3,263 2,054 1,723 2,150

o Primary Effluent Flow, mgd 39.1 24.6 37.7 22.2 39.0 24.6 25.9 37.8
o Primary Effluent, mg/L

- BOD 160 160 168 165 112 112 163 175
- TSS 101 101 106 99 61 61 104 130
- VSS 86 86 90 84 51 51 88 109
- NH3-N 29.0 29.3 32.6 27.4 28.1 28.3 27.5 29.8
- Organic-N 8.66 8.66 8.93 8.70 7.03 7.04 8.81 9.78
- NO3-N 0.6 0.7 0.3 0.1 0.7 0.7 0.4 0.7
- Alkalinity 266 267 280 263 262 263 262 269
- Filterable ("soluble") BOD 65 65 68 69 61 60 66 64

RECYCLE TO ACTIVATED SLUDGE
o Flow Rate, mgd

- DAF Underflow * 0.000 0.585 0.585 0.000 0.693 0.693 0.000 0.352 0.352 0.000 0.517 0.517
- Stream 2 * 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
- Stream 3 * 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
- Spray Water to Basins * 0.096 0.060 0.096 0.060 0.096 0.060 0.066 0.090 Default
- Total 0.096 0.645 0.096 0.753 0.096 0.412 0.066 0.607

o Wastewater Characteristics, mg/L
- Total Recycle

-- BOD 0 191 0 156 0 174 0 217
-- TSS 0 654 0 546 0 632 0 792
-- VSS 0 553 0 461 0 531 0 664
-- NH3-N 0 0 0 0 0 1 0 0
-- Organic-N 0 44 0 36 0 42 0 51
-- NO3-N 0 6 0 6 0 7 0 6
-- Alkalinity 0 127 0 130 0 119 0 121
-- Filterable ("soluble") BOD 0.0 1.0 0.0 1.0 0.0 0.9 0.0 1.0
-- Total soluble Organic N 0.0 2.2 0.0 2.1 0.0 2.0 0.0 2.0
-- Fpv, VSS fraction 0.00 0.85 0.84 0.84 0.00 0.84 0.00 0.84

- Fvu, Fraction VSS that is Unbiodeg * 0.700 0.700 0.700 0.700 0.700 0.700 0.700 0.700 Default

ACTIVATED SLUDGE PROCESS
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 02/27/2008 1:50 PM Ch07-AppA.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

o Flow Rate, mgd
- Main-Stream Influent 39.06 24.61 37.74 22.24 39.04 24.62 25.89 37.79
- Recycle directly to AS 0.10 0.65 0.10 0.75 0.10 0.41 0.07 0.61
- Total to Activated Sludge 39.15 25.26 37.83 22.99 39.14 25.03 25.95 38.39

o Influent Characteristics, mg/L
- Total BOD 160 161 168 165 112 113 163 176
- TSS 101 116 106 113 61 71 103 141
- VSS 86 98 90 97 51 59 88 118
- NH3-N 29 29 32 27 28 28 27 29
- Organic-N 9 10 9 10 7 8 9 10
- NO3-N 1 1 0 0 1 1 0 1
- Alkalinity 265 263 279 258 262 261 261 266
- Filterable ("soluble") BOD 65 63 68 67 61 59 66 63
- Fpv, VSS fraction 0.85 0.85 0.85 0.85 0.83 0.83 0.85 0.84
- AB Influent D.O. Concentration, mg/L 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

o Basin dimensions
- Main Basins MBR For MBR, MBR

-- No. of Basins * 12 6 5 6 8 6 6 6 enter 0
-- Number of Units in Service * 11 6 5 6 8 6 6 6 Basin 0
-- Length, ft (inside) * 200 250 200 250 200 250 200 250 dimen.s 0
-- Width, ft (inside) * 40 40 40 40 40 40 40 40 in the 0
-- Side Water Depth, ft * 16.9 17.5 16.9 17.5 16.9 17.5 16.9 17.5 MBR 0

.. Recomm inside Wall height, incl. Freeboard, ft 19.9 20.5 22.9 20.5 19.9 20.5 19.9 20.5 section 3
-- Liquid Volume per Basin, mil gal 1.01 1.31 1.01 1.31 1.01 1.31 1.01 1.31 (not HERE) 0.00

- Supplemental Basins or Sections
-- Identification * Membrn Zn calcs Membrn Zn
-- No. of Basins * 0 0 8 0 0 0 0 0 0
-- Number of Units in Service * 0 0 8 0 0 0 0 0 into 0
-- Length, ft (inside) * 200 200 19.5 200 200 200 200 200 < - - these 0
-- Width, ft (inside) * 40 100 75 100 40 100 40 100 columns 0
-- Side Water Depth, ft * 16.9 17 11.9 17 16.9 17 16.9 17 0
-- Volume per Basin, mil gal 1.01 2.54 0.13 2.54 1.01 2.54 1.01 2.54 0.00

o Total Volume of Basins, mil gal
- Total Basin volume in service 11.12 7.85 6.10 7.85 8.09 7.85 6.07 7.85

-- Reduction for MBR cassettes 0.00 0.00 0.41 0.00 0.00 0.00 0.00 0.00
- Biological Reaction Volume 11.12 7.85 5.69 7.85 8.09 7.85 6.07 7.85

o Aerated Zone BOD Loading, lb/1,000 cf-day 46.5 52.0 126.8 48.7 67.3 54.9 57.6 87.8
o Hydraulic Detention Time, hr 6.82 7.46 3.61 8.20 4.96 7.53 5.61 4.91
o Selected Operating L-P MLSS, mg/L 3,500 2,500 10,000 2,500 3,500 2,500 5,500 4,500

PROCESS LAYOUT
o Zone Sizes (Fraction of Total Volume) Selected

- Zone 1 * 0.125 0.186 0.225 0.186 0.125 0.186 0.125 0.186 For MBR, 0.000
- Zone 2 * 0.125 0.214 0.225 0.214 0.125 0.214 0.125 0.214 Copy 0.000
- Zone 3 * 0.000 0.000 0.225 0.000 0.000 0.000 0.000 0.000 & Paste 0.000
- Zone 4 * 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 these - - > 0.000
- Zone 5 * 0.250 0.200 0.000 0.200 0.250 0.200 0.250 0.200 calcs into 0.000
- Zone 6 * 0.250 0.200 0.225 0.200 0.250 0.200 0.250 0.200 < - - these 0.000
- Zone 7 (by difference) 0.250 0.200 0.100 0.200 0.250 0.200 0.250 0.200 columns 0.000

-- Total 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.000
o DO in each Zone (Unaerated, Set = 0), mg/L

- Zone 1 * 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 For MBR, 0.0
- Zone 2 * 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Adjust 2.0
- Zone 3 * 0.0 2.0 0.5 2.0 0.0 0.0 0.0 2.0 D.O. as 2.0
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
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Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

- Zone 4 * 0.0 2.0 2.0 2.0 0.0 0.0 0.0 2.0 needed, 2.0
- Zone 5 * 0.2 2.0 2.0 2.0 0.0 0.0 0.1 2.0 except for 2.0
- Zone 6 * 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 Zone 7 2.0
- Zone 7 * 2.0 2.0 1.5 2.0 2.0 2.0 2.0 2.0  < - - copy 0.0

o Aerated/Unaerated Fractions
- Total Unaerated Volume Fraction 0.25 0.40 0.45 0.40 0.50 0.60 0.25 0.40

-- Total Unaerated Volume, mil gal 2.78 3.14 2.56 3.14 4.05 4.71 1.52 3.14
- Total Aerated Volume Fraction 0.75 0.60 0.55 0.60 0.50 0.40 0.75 0.60

-- Total Aerated Volume, mil gal 8.34 4.71 3.13 4.71 4.05 3.14 4.55 4.71
- Total Aerated Mass Fraction 0.75 0.60 0.63 0.60 0.50 0.40 0.75 0.60

o Plant Influent Flow Routing
- Fraction to Zone 1 * 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 Default
- Fraction to Zone 2 * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Default
- Fraction to Zone 3 * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Default
- Fraction to Zone 4 * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Default
- Fraction to Zone 5 * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Default
- Remainder to Zone 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

o Return Sludge Routing
- Fraction to Zone 1 * 1.00 1.00 0.00 1.00 1.00 1.00 1.00 1.00 Default
- Fraction to Zone 2 * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Default
- Remainder to Zone 3 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00

o Mixed-Liquor Recirculation Routing
- MLR Taken from Zone (3, 4, 5, 6, 7) * 7 7 6 7 7 7 7 7 Default
- MLR Returned to Zone (1, 2, 3, 4, 5) * 1 1 1 1 1 1 1 1 Default
- MLR Flow, mgd 96.00 50.00 120.00 50.00 96.00 50.00 60.00 75.00
- MLR Ratio 2.45 1.98 3.17 2.17 2.45 2.00 2.31 1.95

o Sludge Wasting Method For MBR,
- Wasting from RAS (1) or ML (0) * 1 1 0 1 1 1 1 1  < - - copy 0 Default

-- If ML, Waste taken from Zone # (1, 2, - - 7) * (RAS) (RAS) 7 (RAS) (RAS) (RAS) (RAS) (RAS)  < - - copy 7 Default

LOADING CRITERIA
o BOD Applied, lb/d

- Total Influent 52,109 33,813 53,012 31,643 36,531 23,652 35,290 56,403
- (-) WAS Recycled 228 1,028 0 980 159 598 225 1,100
- Net BOD Load 51,881 32,785 53,012 30,663 36,373 23,054 35,065 55,303

o MLSS under aeration, lb 243,533 98,205 218,609 98,225 118,074 65,491 208,756 176,793
- F/M, lb BOD Appl./lb MLSS-day 0.21 0.33 0.24 0.31 0.31 0.35 0.17 0.31

o Organic Loading, Based on Aerated Zone
- Aerated Volume in Service, 1,000 cf 1,115 630 418 630 541 420 608 630
- Aer. BOD Loading, lb BOD/1000 cf-day 46.5 52.0 126.8 48.7 67.3 54.9 57.6 87.8

o Unaerated Zone
- Actual HRT (Throughflow), hr 0.45 0.91 0.39 0.94 0.66 1.36 0.36 0.58
- Mixing Power, total

-- Total BHP, all Unaerated Zones * 97.3 110.0 89.6 110.0 141.6 164.9 53.1 110.0
-- Mixing, hp/mil gal 35 35 35 35 35 35 35 35

ACTIVATED SLUDGE - ZONE 1 Un-Aer Un-Aer Un-Aer Un-Aer Un-Aer Un-Aer Un-Aer Un-Aer
o Zone Volume, mil gal 1 1.391 1.461 1.280 1.461 1.011 1.461 0.758 1.461
o Flows Entering, mgd 1

- Plant Influent Flow 1 39.15 25.26 37.83 22.99 39.14 25.03 25.95 38.39
- RAS Stream 1 13.01 7.99 0.00 7.27 13.01 7.91 15.66 16.87
- Centrate * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- ML Recirculation 1 96.00 50.00 120.00 50.00 96.00 50.00 60.00 75.00
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Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

- Total Flow to this Zone 1 148.17 83.25 157.83 80.26 148.15 82.95 101.62 130.26
o ML Flow removed from this Zone, mgd 1

- ML Recirculated to Other Zones 1 n/a n/a n/a n/a n/a n/a n/a n/a
- ML Wasted from this Zone 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Other ML Flow removed from this Zone * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Net ML Flow to Next Zone, mgd 1 148.17 83.25 157.83 80.26 148.15 82.95 101.62 130.26

o HRT in this Zone 1
- Hydraulic Detention time, Actual, hr 1 0.23 0.42 0.19 0.44 0.16 0.42 0.18 0.27

o Effluent from this Zone 1
-- MLSS, mg/L 1 3,500 2,498 6,134 2,499 3,501 2,502 5,502 4,497
-- NH3-N, mg/L 1 7.67 8.83 8.43 7.73 7.51 8.85 7.03 8.88
-- NO3-N, mg/L 1 2.12 1.34 1.74 0.78 3.24 1.96 1.13 1.25
-- D.O., mg/L 1 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00

o Biological Growth Summary 1
- Increase in VSS, lb/d 1 5,943 3,690 5,537 3,568 5,713 3,672 3,974 5,455
- Increase in ISS, lb/d 1 533 354 528 338 498 336 354 531

ACTIVATED SLUDGE - ZONE 2 Un-Aer Un-Aer Un-Aer Un-Aer Un-Aer Un-Aer Un-Aer Un-Aer
o Zone Volume, mil gal 2 1.391 1.681 1.280 1.681 1.011 1.681 0.758 1.681
o Flows Entering, mgd 2

- Throughflow 2 148.17 83.25 157.83 80.26 148.15 82.95 101.62 130.26
- Plant Influent to this Zone 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- RAS Stream 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- ML Recirculation 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Total Flow to this Zone 2 148.17 83.25 157.83 80.26 148.15 82.95 101.62 130.26

o ML Flow removed from this Zone, mgd 2
- ML Recirculated to Other Zones 2 n/a n/a n/a n/a n/a n/a n/a n/a
- ML Wasted from this Zone 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Other ML Flow removed from this Zone * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Net ML Flow to Next Zone, mgd 2 148.17 83.25 157.83 80.26 148.15 82.95 101.62 130.26

o HRT in this Zone 2
- Hydraulic Detention time, Actual, hr 2 0.23 0.48 0.19 0.50 0.16 0.49 0.18 0.31

o Effluent from this Zone 2
-- MLSS, mg/L 2 3,500 2,495 6,133 2,495 3,501 2,500 5,501 4,494
-- NH3-N, mg/L 2 7.92 9.26 8.74 8.30 7.68 9.18 7.35 9.35
-- NO3-N, mg/L 2 0.81 0.04 0.29 0.01 2.00 0.34 0.11 0.02
-- D.O., mg/L 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

o Biological Growth Summary 2
- Increase in VSS, lb/d 2 -480 -1,857 -2,178 -2,752 505 -845 -943 -3,546
- Increase in ISS, lb/d 2 -4 -88 -118 -144 63 -33 -52 -177

ACTIVATED SLUDGE - ZONE 3 N.I.S. N.I.S. Aerated N.I.S. N.I.S. N.I.S. N.I.S. N.I.S.
o Zone Volume, mil gal 3 0.000 0.000 1.280 0.000 0.000 0.000 0.000 0.000
o Flows Entering, mgd 3

- Throughflow 3 148.17 83.25 157.83 80.26 148.15 82.95 101.62 130.26
- Plant Influent to this Zone 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- RAS Stream 3 0.00 0.00 151.33 0.00 0.00 0.00 0.00 0.00
- ML Recirculation 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Total Flow to this Zone 3 148.17 83.25 309.16 80.26 148.15 82.95 101.62 130.26

o ML Flow removed from this Zone, mgd 3
- ML Recirculated to Other Zones 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- ML Wasted from this Zone 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Other ML Flow removed from this Zone * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Net ML Flow to Next Zone, mgd 3 148.17 83.25 309.16 80.26 148.15 82.95 101.62 130.26
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Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

o HRT in this Zone 3
- Hydraulic Detention time, Actual, hr 3 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00

o Effluent from this Zone 3
-- MLSS, mg/L 3 3,500 2,495 8,026 2,495 3,501 2,500 5,501 4,494
-- NH3-N, mg/L 3 7.92 9.26 2.72 8.30 7.68 9.18 7.35 9.35
-- NO3-N, mg/L 3 0.81 0.04 5.26 0.01 2.00 0.34 0.11 0.02
-- D.O., mg/L 3 0.00 0.00 0.50 0.00 0.00 0.00 0.00 0.00

o Biological Growth Summary 3
- Increase in VSS, lb/d 3 0 0 211 0 0 0 0 0
- Increase in ISS, lb/d 3 0 0 426 0 0 0 0 0

ACTIVATED SLUDGE - ZONE 4 N.I.S. N.I.S. N.I.S. N.I.S. N.I.S. N.I.S. N.I.S. N.I.S.
o Zone Volume, mil gal 4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
o Flows Entering, mgd 4

- Throughflow 4 148.17 83.25 309.16 80.26 148.15 82.95 101.62 130.26
- Plant Influent to this Zone 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- ML Recirculation 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Total Flow to this Zone 4 148.17 83.25 309.16 80.26 148.15 82.95 101.62 130.26

o ML Flow removed from this Zone, mgd 4
- ML Recirculated to Other Zones 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- ML Wasted from this Zone 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Other ML Flow removed from this Zone * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Net ML Flow to Next Zone, mgd 4 148.17 83.25 309.16 80.26 148.15 82.95 101.62 130.26

o HRT in this Zone 4
- Hydraulic Detention time, Actual, hr 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

o Effluent from this Zone 4
-- MLSS, mg/L 4 3,500 2,495 8,026 2,495 3,501 2,500 5,501 4,494
-- NH3-N, mg/L 4 7.92 9.26 2.72 8.30 7.68 9.18 7.35 9.35
-- NO3-N, mg/L 4 0.81 0.04 5.26 0.01 2.00 0.34 0.11 0.02
-- D.O., mg/L 4 0.00 0.00 0.50 0.00 0.00 0.00 0.00 0.00

o Biological Growth Summary 4
- Increase in VSS, lb/d 4 0 0 0 0 0 0 0 0
- Increase in ISS, lb/d 4 0 0 0 0 0 0 0 0

ACTIVATED SLUDGE - ZONE 5 Aerated Aerated N.I.S. Aerated Un-Aer Un-Aer Aerated Aerated
o Zone Volume, mil gal 5 2.781 1.571 0.000 1.571 2.023 1.571 1.517 1.571
o Flows Entering, mgd 5

- Throughflow 5 148.17 83.25 309.16 80.26 148.15 82.95 101.62 130.26
- Plant Influent to this Zone 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- ML Recirculation 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Total Flow to this Zone 5 148.17 83.25 309.16 80.26 148.15 82.95 101.62 130.26

o ML Flow removed from this Zone, mgd 5
- ML Recirculated to Other Zones 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- ML Wasted from this Zone 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Other ML Flow removed from this Zone * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Net ML Flow to Next Zone, mgd 5 148.17 83.25 309.16 80.26 148.15 82.95 101.62 130.26

o HRT in this Zone 5
- Hydraulic Detention time, Actual, hr 5 0.45 0.45 0.00 0.47 0.33 0.45 0.36 0.29

o Effluent from this Zone 5
-- MLSS, mg/L 5 3,500 2,497 8,026 2,498 3,499 2,497 5,500 4,497
-- NH3-N, mg/L 5 5.71 5.24 2.72 4.37 7.98 9.52 5.56 5.34
-- NO3-N, mg/L 5 1.88 3.32 5.26 3.12 0.68 0.01 0.63 3.23
-- D.O., mg/L 5 0.15 2.00 0.50 2.00 0.00 0.00 0.10 2.00

o Biological Growth Summary 5
- Increase in VSS, lb/d 5 -548 1,283 0 1,960 -2,260 -2,440 -857 2,399
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Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

- Increase in ISS, lb/d 5 318 341 0 372 -130 -128 158 596

ACTIVATED SLUDGE - ZONE 6 Aerated Aerated Aerated Aerated Aerated Aerated Aerated Aerated
o Zone Volume, mil gal 6 2.781 1.571 1.280 1.571 2.023 1.571 1.517 1.571
o Flows Entering, mgd 6

- Throughflow 6 148.17 83.25 309.16 80.26 148.15 82.95 101.62 130.26
- Plant Influent to this Zone 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Total Flow to this Zone 6 148.17 83.25 309.16 80.26 148.15 82.95 101.62 130.26

o ML Flow removed from this Zone, mgd 6
- ML Recirculated to Other Zones 6 0.00 0.00 120.00 0.00 0.00 0.00 0.00 0.00
- ML Wasted from this Zone 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Other ML Flow removed from this Zone * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Net ML Flow to Next Zone, mgd 6 148.17 83.25 189.16 80.26 148.15 82.95 101.62 130.26

o HRT in this Zone 6
- Hydraulic Detention time, Actual, hr 6 0.45 0.45 0.10 0.47 0.33 0.45 0.36 0.29

o Effluent from this Zone 6
-- MLSS, mg/L 6 3,500 2,499 8,026 2,500 3,500 2,499 5,501 4,499
-- NH3-N, mg/L 6 1.71 2.00 0.94 1.50 2.91 4.17 1.44 2.08
-- NO3-N, mg/L 6 5.45 6.08 6.83 5.57 5.30 4.70 4.33 5.94
-- D.O., mg/L 6 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00

o Biological Growth Summary 6
- Increase in VSS, lb/d 6 437 902 661 626 496 1,499 38 1,654
- Increase in ISS, lb/d 6 417 295 482 248 302 272 270 522

ACTIVATED SLUDGE - ZONE 7 Aerated Aerated MBR Aerated Aerated Aerated Aerated Aerated
o Zone Volume, mil gal 7 2.781 1.571 0.567 1.571 2.023 1.571 1.517 1.571
o Flows Entering, mgd 7

- Throughflow 7 148.17 83.25 189.16 80.26 148.15 82.95 101.62 130.26
- (-) Removed as MBR Filtrate [Note] 7 0.00 0.00 -37.33 0.00 0.00 0.00 0.00 0.00
- Total Flow to this Zone 7 148.17 83.25 151.83 80.26 148.15 82.95 101.62 130.26

o ML Flow removed from this Zone (excl.MBR Filtr) 7
- ML Recirculated to Other Zones 7 96.00 50.00 0.00 50.00 96.00 50.00 60.00 75.00
- ML Wasted from this Zone 7 0.00 0.00 0.50 0.00 0.00 0.00 0.00 0.00
- Other ML Flow removed from this Zone * 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
- Net Flow to Next Zone, mgd 7 52.17 33.25 151.33 30.26 52.15 32.95 41.62 55.26

o HRT in this Zone 7
- Hydraulic Detention time, Actual, hr 7 0.45 0.45 0.09 0.47 0.33 0.45 0.36 0.29

o Effluent from this Zone 7
-- MLSS, mg/L 7 3,500 2,500 10,000 2,500 3,500 2,500 5,500 4,500
-- NH3-N, mg/L 7 0.26 0.40 0.24 0.29 0.46 0.87 0.19 0.42
-- NO3-N, mg/L 7 6.72 7.39 7.37 6.57 7.51 7.72 5.41 7.24
-- D.O., mg/L 7 2.00 2.00 1.50 2.00 2.00 2.00 2.00 2.00

o Biological Growth Summary 7
- Increase in VSS, lb/d 7 -620 439 90 86 96 411 -671 1,066
- Increase in ISS, lb/d 7 317 249 254 194 281 181 211 472

WAS SOLIDS PRODUCTION
o P-Removal

- Include P-Removal in Calc? (Y=1, N=0) * 0 0 0 0 0 0 0 0
o Solids Production, TSS, lb/d

- TSS Entering in Feed, lb/d 35,193 25,785 35,882 22,988 21,534 15,894 23,794 47,222
- VSS Change in A.B. Zones 4,732 4,456 4,321 3,489 4,551 2,297 1,542 7,028
- ISS Change in A.B. Zones 1,581 1,151 1,572 1,008 1,014 629 941 1,944
- ISS due to Bio-P (Est.), lb/d 0 0 0 0 0 0 0 0
- Unbiodeg VSS due to Bio-P (Est.), lb/d 0 0 0 0 0 0 0 0
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Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

- Total Solids Production, lb/d 41,506 31,392 41,775 27,485 27,098 18,820 26,277 56,195

MLSS CHARACTERISTICS
o Mixed Liquor Components, mg TSS/L

- Solids, mg TSS/L
-- Slowly Biodegradable 26 28 86 23 28 21 34 51
-- Active Biomass 1,261 996 3,526 977 1,238 838 1,723 1,661
-- Endogenous Biomass 415 206 1,180 230 406 255 758 345
-- Nitrifiers 59 44 182 41 91 63 81 67
-- Unbiodegradable VSS (Influent + Bio-P) 1,196 881 3,443 887 1,185 947 2,020 1,686
-- Inorganic SS (influent + Biogrowth) 550 384 1,585 383 557 410 897 732
-- Inorganic SS due to Bio-P (est.) 0 0 0 0 0 0 0 0
-- Total Last-Pass MLSS 3,506 2,539 10,002 2,542 3,506 2,535 5,514 4,541
-- Total Soluble Organic N (SolOrgN) 2.3 2.4 2.3 2.3 2.3 2.4 2.3 2.4
-- Alkalinity, mg/L as CaCO3 141.2 139.2 138.6 142.2 139.0 139.7 145.8 139.8

o Org N fraction of MLVSS (NinVSS) 0.079 0.081 0.078 0.081 0.079 0.079 0.077 0.078
o MLVSS Fraction 0.84 0.85 0.84 0.85 0.84 0.84 0.84 0.84
o BOD of AS Solids

- BOD/TSS ratio 0.28 0.31 0.28 0.30 0.28 0.26 0.24 0.29

SOLIDS RETENTION TIME, SRT
o Total Solids Wasted, lb/d 41,506 31,392 41,775 27,485 27,098 18,820 26,277 56,195

- Recycled WAS Solids, lb/d 582 3,522 0 3,425 343 2,173 600 4,007
- Net lb Solids Yield/day 40,924 27,870 41,775 24,060 26,755 16,646 25,677 52,188

o Total BOD Load, lb/d 51,881 32,785 53,012 30,663 36,373 23,054 35,065 55,303
- Recycled BOD, lb/d 228 1,028 0 980 159 598 225 1,100
- Net BOD Load, lb/d 51,653 31,757 53,012 29,684 36,214 22,456 34,841 54,203

o Solids Production
- lb Dry SS/lb BOD Applied 0.792 0.878 0.788 0.811 0.739 0.741 0.737 0.963

o Total Mass TSS in System, lb 324,711 163,609 349,539 163,644 236,149 163,723 278,358 294,577
- Total SRT (Rs), days 7.93 5.87 7.24 8.37 6.80 7.87 8.83 9.84 9.24 10.84 5.64 8.17
- lb/mgd 8,293 6,477 9,239 7,117 6,034 6,540 10,726 7,673

o Total Mass TSS in Aerated Zones, lb 243,533 98,205 218,609 98,225 118,074 65,491 208,756 176,793
- Nominal Aerated Mass Fraction 0.750 0.600 0.625 0.600 0.500 0.400 0.750 0.600
- Nominal Aerobic SRT, days 5.95 3.52 5.23 4.08 4.41 3.93 8.13 3.39

o Mass Fraction in Each Zone
- Zone 1 0.125 0.186 0.187 0.186 0.125 0.186 0.125 0.186
- Zone 2 0.125 0.214 0.187 0.214 0.125 0.214 0.125 0.214
- Zone 3 0.000 0.000 0.245 0.000 0.000 0.000 0.000 0.000
- Zone 4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
- Zone 5 0.250 0.200 0.000 0.200 0.250 0.200 0.250 0.200
- Zone 6 0.250 0.200 0.245 0.200 0.250 0.200 0.250 0.200
- Zone 7 0.250 0.200 0.135 0.200 0.250 0.200 0.250 0.200

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
o Min. Aer. SRT recommended for 

nitrification, days 5.5 4.4 5.0 4.4 4.7 5.4 5.8 4.4
- Washout SRT(total)

-- Rwashout = 1/(Ua*DOsw - ba) 3.16 3.20 3.56 3.20 4.28 6.52 3.37 3.20
- Recommended Aerobic SRT

-- Max slope criterion, dNH3/dSRT, mg/L-d * 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
-- Recomm. Min. Operating SRT(total) 7.3 7.4 8.0 7.4 9.4 13.5 7.7 7.4
-- Recomm. Min. Operating SRT(Nominal aerobic) 5.5 4.4 5.0 4.4 4.7 5.4 5.8 4.4
-- Nitrification Safety Factor 2.31 2.30 2.26 2.30 2.19 2.06 2.28 2.30
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CAROLLO ENGINEERS, PC
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Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

AERATION REQUIREMENTS
o Oxygen Required, lb/d

- Net Oxygen Demand in Zone 1 0 0 0 0 0 0 0 0
- Net Oxygen Demand in Zone 2 0 0 0 0 0 0 0 0
- Net Oxygen Demand in Zone 3 0 0 32,850 0 0 0 0 0
- Net Oxygen Demand in Zone 4 0 0 0 0 0 0 0 0
- Net Oxygen Demand in Zone 5 21,855 19,647 0 18,910 257 331 13,151 31,512
- Net Oxygen Demand in Zone 6 37,129 16,293 38,026 14,599 38,401 22,395 26,548 26,362
- Net Oxygen Demand in Zone 7 21,810 11,582 12,182 9,948 22,983 15,185 14,952 19,338
- (-) Oxygen provided by MBR Scouring 0 0 -10,220 0 0 0 0 0
- Total Oxygen required lb/d 80,794 47,522 72,838 43,458 61,641 37,911 54,651 77,212

o Diffuser Analysis 42,715 58,144 42,715 58,144 42,715 58,144
Note:

All values of air and blower requirements
given below are preliminary estimates,
to be refined during detailed design

o Oxygen Transfer Efficiency [EDI] [EDI] [EDI] [EDI] [EDI] [EDI] [EDI] [EDI]
- Diffuser Type Mini- Mini- Mini- Mini- Mini- Mini- Mini- Mini-

Panel Panel Panel Panel Panel Panel Panel Panel
- Aeration Basin D.O. (Avg), mg/L 1.4 2.0 1.3 2.0 2.0 2.0 1.4 2.0
- Design Water Temperature, C 29 29 29 29 29 29 29 29 Summer
- Diffuser submergence, ft 15.9 16.5 15.9 16.5 15.9 16.5 15.9 16.5
- Air loading, scfm/unit [Note] 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25

scfm/sf scfm/sf scfm/sf scfm/sf scfm/sf scfm/sf scfm/sf scfm/sf
- Floor Coverage 23.4 28.7 70.3 25.2 38.8 29.3 30.9 52.4

%Actv A %Actv A %Actv A %Actv A %Actv A %Actv A %Actv A %Actv A
- Clean Water SOTE * 36.2 37.1 36.2 37.1 36.2 37.1 36.2 37.1 Mfr. lit.
- Site Conditions Adjustment Factor

 F = Actual / Standard OTE
-- Alpha factor, including fouling 0.54 0.50 0.37 0.52 0.56 0.59 0.50 0.45 Estimate
-- Theta factor * 1.024 1.024 1.024 1.024 1.024 1.024 1.024 1.024 Default
-- Temp. correction, Tau 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
-- Elevation above MSL, ft * 695 695 695 695 695 695 695 695 Site
-- ..Pressure correction, Omega 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97
-- Beta factor * 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 Default
-- Equilibrium C*20 10.64 10.70 10.64 10.70 10.64 10.70 10.64 10.70

..Depth Adjustment Factor * 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 Default
- F = Alpha x [Theta ^(T-20)] 0.46 0.39 0.32 0.41 0.43 0.46 0.43 0.35

  x (Tau Beta Omega C*20 - C)/C*20
- Oxygen Transfer Efficiency 16.57 14.57 11.53 15.16 15.71 17.09 15.55 12.95

OTE = F x SOTE Percent Percent Percent Percent Percent Percent Percent Percent
Preliminary Estimate

o Surface Aerators #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
- Oxygen to be transferred, lb/hr
- Aerator hp required

 [Ox. Requ.d/Eff.]
- Peaking factor *
- Aerator hp Installed

o SOTR Required
- Average Day @ Design flow

-- Actual Ox Tr Requd, AOTR, lb/d 80,794 47,522 72,838 43,458 61,641 37,911 54,651 77,212
-- Site Conditions Adjustment, F 0.46 0.39 0.32 0.41 0.43 0.46 0.43 0.35
-- Standard Ox Tr Rate, SOTR, lb/d 176,639 121,066 228,813 106,388 142,119 82,336 127,308 221,242

SOTR = AOTR / F
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Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

o Air Supply Required
- Average Day @ Design flow

-- Ox Transfer Rate, AOTR, lb/d 80,794 47,522 72,838 43,458 61,641 37,911 54,651 77,212
-- Oxygen Supplied, lb/min 338.6 226.5 438.6 199.1 272.4 154.1 244.0 414.0
-- cf Air/lb Oxygen 57.0 57.0 57.0 57.0 57.0 57.0 57.0 57.0

 [23.3 lb O2/100 lb Air]
 [0.0753 lb Air/scf]

-- Process Air, scfm 19,300 12,910 25,000 11,350 15,530 8,780 13,910 23,600
..scfm per lb/d Oxygen 0.239 0.272 0.343 0.261 0.252 0.232 0.255 0.306
..scf/lb BOD Applied 536 567 679 533 615 548 571 615

-- Other Uses, e.g. Channel Air * 1,500 1,200 1,500 1,200 1,500 1,200 1,200 1,400 Default
-- Total Blower Air, scfm 20,800 14,110 26,500 12,550 17,030 9,980 15,110 25,000

- Peak Day @ Design Flow
-- Peaking factor * 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 Default
-- Process Air, scfm 25,100 16,800 32,500 14,800 20,200 11,400 18,100 30,700
-- Total Blower Air, scfm 26,600 18,000 34,000 16,000 21,700 12,600 19,300 32,100

o Diffusers
- Expressed as active sq ft or # diffusers sq ft sq ft sq ft sq ft sq ft sq ft sq ft sq ft 
- Recommended

-- Air Loading, scfm/(sf or dfr) 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
-- Number recommended per Basin 1,403 1,722 4,000 1,513 1,553 1,171 1,854 3,146

- Actual Installed, per basin
-- Main Basin * 1,403 1,722 4,000 1,513 1,553 1,171 1,854 3,146
-- Additional Basin * 0 0 0 0 0 0 0 0

- Total Installed, sf or dfr 15,438 10,330 19,998 9,078 12,421 7,025 11,126 18,878
- Air Loading, scfm/sf or dfr

-- Daily Average 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
- Floor Coverage

-- Total Basin Floor Area in Service, sf 88,000 60,000 51,700 60,000 64,000 60,000 48,000 60,000
-- Total Aerated Floor Area in service 66,000 36,000 28,427 36,000 32,000 24,000 36,000 36,000
-- Coverage 23.4 28.7 70.3 25.2 38.8 29.3 30.9 52.4

.. Expressed as %Actv A %Actv A %Actv A %Actv A %Actv A %Actv A %Actv A %Actv A
- Active sf/diffuser, or 1 2.54 2.54 2.54 2.54 2.54 2.54 2.54 2.54
- Number of diffuser units 6,078 4,067 7,873 3,574 4,890 2,766 4,380 7,432

o Blower Discharge pressure
- Head, ft water

-- Submergence 15.9 16.5 15.9 16.5 15.9 16.5 15.9 16.5
-- Freeboard above normal op level 0.0 0.0 4.0 0.0 0.0 0.0 0.0 0.0
-- Diffuser head loss 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
-- Pipe & Valve friction 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
-- Total Head, ft 19.9 20.5 23.9 20.5 19.9 20.5 19.9 20.5

- Discharge pressure, psig 8.6 8.9 10.4 8.9 8.6 8.9 8.6 8.9
o Delivered Horsepower

- Max Operating Air Temp, C * 34 34 34 34 34 34 34 34 Default
- Barometric Pressure, psia 14.3 14.3 14.3 14.3 14.3 14.3 14.3 14.3
- Blower Suction Pressure, psia 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0
- Daily Average Total Air, scfm 20,800 14,110 26,500 12,550 17,030 9,980 15,110 25,000
- Avg Delivered Horsepower, hp 738 513 1,091 456 604 363 536 909
- Peak Day Delivered hp 944 655 1,400 582 770 458 685 1,167

o Wire power required
- Energy Efficiency, % * 61.0 61.0 61.0 61.0 61.0 61.0 61.0 61.0 Default
- Wire power required, hp

-- Daily Average 1,210 840 1,790 750 990 590 880 1,490
-- Firm Installed 1,550 1,070 2,290 950 1,260 750 1,120 1,910
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Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

SECONDARY SEDIMENTATION BASINS
o Flow Rates, mgd

- AS Influent, Q 39.15 25.26 37.83 22.99 39.14 25.03 25.95 38.39
- Net Sed. Basin Inflow (excl. RAS), Qci 39.15 25.26 37.33 22.99 39.14 25.03 25.95 38.39
- Return Sludge Flow, Qr 13.01 7.99 151.33 7.27 13.01 7.91 15.66 16.87
 (not including waste sludge flow)
- Total Sed Basin Inflow 52.17 33.25 188.66 30.26 52.15 32.95 41.62 55.26
- Total Sed. Basin Underflow 13.36 8.35 151.33 7.59 13.23 8.13 15.87 17.33
- Net Sec. Effluent, Qe 38.80 24.89 37.33 22.67 38.92 24.82 25.74 37.93

o Basin dimensions
- Group 1 *

-- No. of Basins * 7 2 8 2 7 2 4 3 1 more for
-- Number of Units in Service * 6 2 7 2 6 2 4 3 hydraulics
-- Diameter, ft (inside) * 0 130 0 130 0 130 0 130
-- Side Water Depth, ft * 11.9 14.0 11.9 14.0 11.9 14.0 11.9 14.0
-- Surface Area per Basin, sf 8,800 13,273 8,800 13,273 8,800 13,273 8,800 13,273
-- Volume per Basin, cf 104,720 185,825 104,720 185,825 104,720 185,825 104,720 185,825

- Group 2 *
-- No. of Basins * 0 2 0 2 0 2 0 2
-- Number of Units in Service * 0 2 0 2 0 2 0 2
-- Diameter, ft (inside) * 120 100 120 100 120 100 120 100
-- Side Water Depth, ft * 14.0 10.3 14.0 10.3 14.0 10.3 14.0 10.3
-- Surface Area per Basin, sf 11,310 7,854 11,310 7,854 11,310 7,854 11,310 7,854
-- Volume per Basin, cf 158,336 80,503 158,336 80,503 158,336 80,503 158,336 80,503

o Flow Split
- Fraction of ML Flow to Group 1:

-- Fraction based on Surface Area 1.00 0.63 1.00 0.63 1.00 0.63 1.00 0.72
-- Fraction selected * 1.00 0.63 1.00 0.63 1.00 0.63 1.00 0.72

- Effective (Flow-weighted) SWD, ft 11.90 12.61 11.90 12.61 11.90 12.61 11.90 12.94
o Surface Overflow Rate

- Group 1
-- Surface Area in service, sf 52,800 26,546 61,600 26,546 52,800 26,546 35,200 39,820
-- Surface Overflow Rate, gpd/sf 735 589 606 537 737 587 731 683

- Group 2
-- Surface Area in service, sf 0 15,708 0 15,708 0 15,708 0 15,708
-- Surface Overflow Rate, gpd/sf 0 589 0 537 0 587 0 683

o Solids Loading Rate, lb/day-sf
- Group 1 29 16 255 15 29 16 54 37
- Group 2 0 16 0 15 0 16 0 37

o Volume in service, mil gal
- Group 1 4.70 2.78 5.48 2.78 4.70 2.78 3.13 4.17
- Group 2 0.00 1.20 0.00 1.20 0.00 1.20 0.00 1.20

o Hydraulic Detention Time, hr (based on Q)
- Group 1 2.9 4.2 N.A. 4.6 2.9 4.2 2.9 3.6
- Group 2 N.A. 3.1 N.A. 3.4 N.A. 3.1 N.A. 2.7

o Weir Loading
- Group 1

-- Actual weir length per unit, ft * 808 745 667 745 811 745 804 745 Default
-- Weir loading, gpd/ft 8,000 10,502 8,000 9,566 8,000 10,472 8,000 12,179

- Group 2
-- Actual weir length per unit, ft * 0 556 0 556 0 556 0 556 Default
-- Weir loading, gpd/ft 0 8,320 0 7,579 0 8,297 0 9,649

o Sludge Settling Characteristics
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Setup Basis
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Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
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- Design Max. SVI, ml/g * 150 150 150 150 150 150 150 150 Default
ISV = a x exp(-b MLSS), ft/h

- "a" Value, ft/hr * 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3
- "b" Value [x 1,000,000] * 218 218 218 218 218 218 218 218

o Target Settling Values
- Effluent rise rate (SOR), ft/hr

-- Group 1 4.09 3.28 3.38 2.99 4.11 3.27 4.07 3.81
-- Group 2 N.A. 3.28 N.A. 2.99 N.A. 3.27 N.A. 3.81
-- Average 4.09 3.28 3.38 2.99 4.11 3.27 4.07 3.81

- Clarifier Safety Factor, CSF * 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 Default
- Initial Settling Velocity, ISV, ft/hr 9.3 7.5 7.7 6.8 9.4 7.5 9.3 8.7
- Preferred Max. Last-Pass MLSS, mg/L 3,786 4,801 4,671 5,229 3,773 4,814 3,809 4,121

o Selected Settling Values
- Operating L-P MLSS conc, mg/L 3,500 2,500 10,000 2,500 3,500 2,500 5,500 4,500
- Operating ISV, ft/h 9.9 12.4 2.4 12.4 9.9 12.4 6.4 8.0
- Operating CSF

-- Group 1 2.4 3.0 0.7 3.3 2.4 3.1 1.6 2.1
-- Group 2 N.A. 3.0 N.A. 3.3 N.A. 3.1 N.A. 2.1

MEMBRANE BIO-REACTOR (MBR)
o MBR System in Service? (Y=1; N=0) * 0 0 1 0 0 0 0 0

into column B) but DO NOT DELETE the section
o Flow Rates, mgd

- Nominal Plant Flow Rate, mgd
-- Daily Average 35.52 22.20 35.52 22.20 35.52 22.20 24.42 33.30
-- 4-Hour Diurnal Peak Flow, mgd 46.18 28.86 46.18 28.86 46.18 28.86 31.75 43.29
-- Max Instantaneous Flow, mgd 70.40 44.00 70.40 44.00 70.40 44.00 48.40 66.00

- Actual Secondary Effluent, mgd
-- Daily Average 38.80 24.89 37.33 22.67 38.92 24.82 25.74 37.93
-- 4-Hour Diurnal Peak Flow, mgd 49.46 31.55 47.99 29.33 49.57 31.48 33.07 47.92
-- Max Instantaneous Flow, mgd 73.68 46.69 72.21 44.47 73.80 46.62 49.72 70.63

- Design Flow through Membranes
-- Daily Average 38.80 24.89 37.33 22.67 38.92 24.82 25.74 37.93
-- Peak Flow (Short Term) * 49.46 31.55 47.99 29.33 49.57 31.48 33.07 47.92

o Reaction Zone dimensions
- (NOT INCLUDING the membrane zones)
- No. of Units (parallel trains) * 2 2 5 2 2 2 2 2
- Number of Units in Service * 2 2 5 2 2 2 2 2
- Length, ft (inside) * 200 200 200 200 200 200 200 200
- Width, ft (inside) * 100 100 40 100 100 100 100 100
- Side Water Depth, ft * 17 17 16.9 17 17 17 17 17
- Volume per Basin, mil gal 2.54 2.54 1.01 2.54 2.54 2.54 2.54 2.54

o Membrane System Characteristics
- Membrane identification ZW-500b ZW-500b ZW-500d ZW-500b ZW-500b ZW-500b ZW-500b ZW-500b
- Average Operating Flux, gfd * 14 14 15.44 14 14 14 14 14
- Stressed Operating Flux (4 hours), gfd * 18.2 18.2 27.35 18.2 18.2 18.2 18.2 18.2
- Membrane area per module (element), sf * 650 650 340 650 650 650 650 650
- Modules (Elements) per Cassette * 8 8 48 8 8 8 8 8
- Cassette dimensions, ft

-- Length * 6 6 7.1 6 6 6 6 6
-- Width * 2.39 2.39 5.7 2.39 2.39 2.39 2.39 2.39
-- Depth (Height) * 6.73 6.73 8.3 6.73 6.73 6.73 6.73 6.73
Scrubbing air, acfm per sf membrane * 0.0192 0.0192 0.0128 0.0192 0.0192 0.0192 0.0192 0.0192
-- acfm per module 12.48 12.48 4.35 12.48 12.48 12.48 12.48 12.48
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Setup Basis
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Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
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-- Percent of time that air is ON * 100 100 25 100 100 100 100 100
-- Net scfm per module 14.7 14.7 1.3 14.7 14.7 14.7 14.7 14.7

o Est.Membrane Units Required ( In Service )
- Membrane Area, sf

-- Based on Avg Flux 2,771,653 1,777,953 2,072,197 1,619,488 2,779,845 1,772,894 1,838,726 2,709,590
-- Based on Max Flux 2,717,536 1,733,590 1,754,586 1,611,694 2,723,837 1,729,699 1,816,932 2,633,201
-- Membrane area in service, sf 2,771,653 1,777,953 2,072,197 1,619,488 2,779,845 1,772,894 1,838,726 2,709,590

- Number of Modules (Elements) 4,264 2,735 6,095 2,492 4,277 2,728 2,829 4,169
- Number of Cassettes in service (typ.) 533 342 127 312 535 341 354 522

o Membrane Zone Configuration
- Total Number of Membrane Zones * 2 2 8 2 2 2 2 2
- Cassettes Required per Zone

-- All units in service 267 171 16 156 268 171 177 261
-- Allowing for one unit out of service 534 342 18 312 536 342 354 522

- Cassettes Installed per Zone * 534 342 18 312 536 342 354 522
-- Cassettes spaces provided, incl. Spares * 534 342 22 312 Per Zenon 536 342 354 522

- Total Membrane Area, all Zones, sf 5,553,600 3,556,800 2,387,383 3,244,800 5,574,400 3,556,800 3,681,600 5,428,800
- Flux @ Daily Avg Flow, gfd

-- One Zone OOS 14.0 14.0 17.9 14.0 14.0 14.0 14.0 14.0
-- All Zones in Service 7.0 7.0 15.6 7.0 7.0 7.0 7.0 7.0

- Flux @ Peak Flow, gfd
-- One Zone OOS 17.8 17.7 23.0 18.1 17.8 17.7 18.0 17.7
-- All Zones in Service 8.9 8.9 20.1 9.0 8.9 8.9 9.0 8.8

- Freeboard Check (from FB Check section below)
-- At Peak Flow (AB or  MZ OOS) OK OK OK OK OK OK OK OK

 .. 1 AB and  1 MZ OOS OK OK OK OK OK OK OK OK
-- At Inst. Max Flow (AB or MZ OOS) Overload Overload Overload Overload Overload Overload Overload Overload

 .. 1 AB and  1 MZ OOS Overload Overload Overload Overload Overload Overload Overload Overload
o Membrane Zone Dimensions - per Zone

- Number of cassettes accommodated 534 342 22 312 536 342 354 522
- Dimensions Along Length of Cassette:

-- Zone inside dimension, ft * 134.4 109.2 19.5 100.8 134.4 109.2 109.2 134.4
-- Number of Cassette positions * 17 13 2 12 17 13 13 17
-- Free space provided [30-50] 32% 40% 37% 40% 32% 40% 40% 32%

- Dimensions Along Width of Cassette:
-- Zone inside dimension, ft * 107.072 90.342 75 86.996 107.072 90.342 93.688 103.726
-- Number of Cassette positions * 32 27 11 26 32 27 28 31
-- Free space provided [30-50] 40% 40% 20% 40% 40% 40% 40% 40%

- Total Cassette Spaces per Membrane Zone 544 351 22 312 544 351 364 527
- Side Water Depth at min. flow, ft * 8.7 8.7 11.9 8.7 8.7 8.7 8.7 8.7

-- Minimum cassette water cover * 1 1 1 1 1 1 1 1
-- Cassette submergence 7.73 7.73 9.3 7.73 7.73 7.73 7.73 7.73
-- Free depth below cassettes, ft 1 1 2.6 1 1 1 1 1

o Net Biological Reaction Volume
- Cassette volume per Zone, cf 59,193 37,910 6,882 34,585 59,415 37,910 39,240 57,863
- Total membrane zone volume, mil gal 1.88 1.29 1.04 1.15 1.88 1.29 1.34 1.82
- Total volume occupied by cassettes, mil gal 0.89 0.57 0.41 0.52 0.89 0.57 0.59 0.87
- Nominal Aer. Basin volume, mil gal 11.12 7.85 5.69 7.85 8.09 7.85 6.07 7.85
- Available Biological Reaction Volume 10.24 7.29 6.32 7.34 7.20 7.29 5.48 6.99

o MLSS Relationships
- Target MLSS in Membrane Zone, mg/L 3,500 2,500 10,000 2,500 3,500 2,500 5,500 4,500
- Target MLSS in Reaction Zones, mg/L 7,000 7,000 8,000 7,000 7,000 7,000 7,000 7,000
- Total Recycle Ratio required leaving Zone 7 0.29 0.29 4.00 0.29 0.29 0.29 0.29 0.29

-- MLR from Zone 7 (only if from Z7) 2.45 1.98 0.00 2.17 2.45 2.00 2.31 1.95
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Setup Basis
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Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
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-- Qr/Q 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00
- Actual MLSS in Zone 6, mg/L 3,500 2,499 8,026 2,500 3,500 2,499 5,501 4,499

o Freeboard Check (Uses Main AB only)
- Number of Basins that provide Freeboard 12 6 5 6 8 6 6 6
- Basin surface area, each, sf 8,000 10,000 8,000 10,000 8,000 10,000 8,000 10,000
- Total Freeboard provided, ft * 6 6 6 6 6 6 6 6

-- Min. liquid clearance below top of wall * 1 1 1 1 1 1 1 1
-- Freeboard used for control * 1 1 1 1 1 1 1 1
-- Freeboard available for accumulation 4 4 4 4 4 4 4 4

- Freeboard volume available, mil gal
-- All Aeration Basins in service 2.872 1.795 1.197 1.795 1.915 1.795 1.436 1.795
-- One Aeration Basin OOS 2.633 1.496 0.957 1.496 1.676 1.496 1.197 1.496

- Membrane capacity at peak flux, mgd
-- All membranes in Service 101.08 64.73 65.29 59.06 101.45 64.73 67.01 98.80
-- One cassette in cleaning 100.98 64.64 64.85 58.96 101.36 64.64 66.91 98.71
-- One Membrane Zone OOS 50.54 32.37 57.13 29.53 50.73 32.37 33.50 49.40

o Peak Accumulation at Diurnal Peak Flow
- Peak Influent Flow, mgd 49.46 31.55 47.99 29.33 49.57 31.48 33.07 47.92
- Peak Flow duration, h * 4 4 4 4 4 4 4 4
- All membranes in Service, Accum. mil gal 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

-- & All Aeration Basins in service
.. Freeboard used, ft 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
.. Excess flow to be diverted, gal/d 0 0 0 0 0 0 0 0

-- & One Aeration Basin OOS
.. Freeboard used, ft 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
.. Excess flow to be diverted, gal/d 0 0 0 0 0 0 0 0

- One cassette in cleaning, Accum. mil gal 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-- & All Aeration Basins in service

.. Freeboard used, ft 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

.. Excess flow to be diverted, gal/d 0 0 0 0 0 0 0 0
-- & One Aeration Basin OOS

.. Freeboard used, ft 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

.. Excess flow to be diverted, gal/d 0 0 0 0 0 0 0 0
- One Membrane Zone OOS, Accum. mil gal 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

-- & All Aeration Basins in service
.. Freeboard used, ft 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
.. Excess flow to be diverted, gal/d 0 0 0 0 0 0 0 0

-- & One Aeration Basin OOS
.. Freeboard used, ft 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
.. Excess flow to be diverted, gal/d 0 0 0 0 0 0 0 0

o Peak Accumulation at Max Instantaneous Flow
- Peak Influent Flow, mgd 73.68 46.69 72.21 44.47 73.80 46.62 49.72 70.63
- Peak Flow duration, h * 4 4 4 4 4 4 4 4
- All membranes in Service, Accum. mil gal 0.000 0.000 1.153 0.000 0.000 0.000 0.000 0.000

-- & All Aeration Basins in service
.. Freeboard used, ft 0.00 0.00 3.85 0.00 0.00 0.00 0.00 0.00
.. Excess flow to be diverted, gal/d 0 0 0 0 0 0 0 0

-- & One Aeration Basin OOS
.. Freeboard used, ft 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00
.. Excess flow to be diverted, gal/d 0 0 195,443 0 0 0 0 0

- One cassette in cleaning, Accum. mil gal 0.000 0.000 1.227 0.000 0.000 0.000 0.000 0.000
-- & All Aeration Basins in service

.. Freeboard used, ft 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00

.. Excess flow to be diverted, gal/d 0 0 30,474 0 0 0 0 0
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-- & One Aeration Basin OOS
.. Freeboard used, ft 0.00 0.00 4.00 0.00 0.00 0.00 0.00 0.00
.. Excess flow to be diverted, gal/d 0 0 269,834 0 0 0 0 0

- One Membrane Zone OOS, Accum. mil gal 3.858 2.387 2.513 2.491 3.845 2.376 2.703 3.539
-- & All Aeration Basins in service

.. Freeboard used, ft 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00

.. Excess flow to be diverted, gal/d 985,244 592,210 1,316,371 695,658 1,930,252 580,406 1,267,106 1,743,497
-- & One Aeration Basin OOS

.. Freeboard used, ft 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00

.. Excess flow to be diverted, gal/d 1,224,604 891,410 1,555,731 994,858 2,169,612 879,606 1,506,466 2,042,697
o Scrubbing Air Requirements

- Applied air per module, scfm 14.7 14.7 1.3 14.7 14.7 14.7 14.7 14.7
-- Sufficient for Oxygen Demand? ( > ) More Ox reqd

- Number of modules - all Zones in serv 8,544 5,472 7,022 4,992 8,576 5,472 5,664 8,352
- Air supply - all Zones in service, scfm 125,986 80,688 9,373 73,610 126,458 80,688 83,519 123,155
- Air supply - one Zone OOS, scfm 62,993 40,344 8,202 36,805 63,229 40,344 41,760 61,578

o Oxygen Transfer Efficiency (Coarse Bubble)
- Diffuser submergence, ft 7.7 7.7 9.3 7.7 7.7 7.7 7.7 7.7
- Clean Water SOTE, est. 6.3 6.3 7.6 6.3 6.3 6.3 6.3 6.3
- Equilibrium C*20 9.69 9.69 9.82 9.69 9.69 9.69 9.69 9.69

-- Adjusted C*20 7.91 7.91 8.01 7.91 7.91 7.91 7.91 7.91
- OTE Multiplier 0.112 0.116 0.087 0.116 0.112 0.116 0.104 0.108
- Minimum DO required, mg/L * 2.00 2.00 1.50 2.00 2.00 2.00 2.00 2.00
- Membrane Zone D.O., mg/L 6.93 7.13 1.50 7.17 6.88 6.89 6.82 6.99
- Site Conditions Adjustment Factor, F 0.11 0.09 0.57 0.09 0.11 0.12 0.11 0.10

= OTEMult x (C*20adj - C)
- Est. Oxygen Transfer Efficiency, % 0.69 0.57 4.32 0.54 0.72 0.75 0.71 0.62

o D.O. Concentration without Air Supplement
- Ox.Transfer=Biological Demand, lb/d 21,810 11,582 12,182 9,948 22,983 15,185 14,952 19,338
- Resulting DO conc, mg/L 6.93 7.13 0.25 7.17 6.88 6.89 6.82 6.99

(All Zones in service) More Ox rqd!
o Supplemental Oxygen required

- Max. (Biological) Ox. Demand, lb/d 21,810 11,582 12,182 9,948 22,983 15,185 14,952 19,338
- Ox.Transferred from Mem. air, lb/d 21,814 11,584 10,220 9,950 22,987 15,188 14,955 19,342
- Supplemental Ox requd in Membr zone, lb/d 0 0 1,962 0 0 0 0 0

o Aeration Diffusers in Membrane Zones
- Total Floor Area in Membrane Zones, sf 28,781 19,731 11,700 17,538 28,781 19,731 20,461 27,882
- Floor Area reserved for Cassettes 15,602 10,067 7,123 8,948 15,602 10,067 10,440 15,114
- Available Free Floor Area, sf 13,179 9,664 4,577 8,590 13,179 9,664 10,022 12,767
- Total MZ Floor Area fitted with Diffusers, sf * 0 0 0 0 0 0 0 0

o Scrubbing Blower Discharge pressure
- Head, ft water

-- Submergence (min water level) 7.7 7.7 9.3 7.7 7.7 7.7 7.7 7.7
-- Freeboard above min. op. level 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
-- Diffuser head loss * 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
-- Pipe & Valve friction * 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
-- Total Head, ft 14.2 14.2 15.8 14.2 14.2 14.2 14.2 14.2
Discharge pressure @ min. op. level, psig 4.0 4.0 4.7 4.0 4.0 4.0 4.0 4.0

- Discharge pressure @ pk freeboard, psig 6.2 6.2 6.8 6.2 6.2 6.2 6.2 6.2
o Delivered Horsepower

- Max Operating Air Temp, C * 34 34 34 34 34 34 34 34
- Barometric Pressure, psia 14.3 14.3 14.3 14.3 14.3 14.3 14.3 14.3
- Blower Suction Pressure, psia 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0
- Daily Average Total Air, scfm 125,986 80,688 9,373 73,610 126,458 80,688 83,519 123,155
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Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

- Avg Delivered Horsepower, hp 2,351 1,506 200 1,374 2,360 1,506 1,558 2,298
- Peak Freeboard Delivered hp 3,387 2,169 275 1,979 3,400 2,169 2,245 3,311

o Wire power required
- Energy Efficiency, % * 61.0 61.0 61.0 61.0 61.0 61.0 61.0 61.0 Default
- Wire power required, hp

-- Daily Average 3850 2470 330 2250 3870 2470 2550 3770
-- Firm Installed 5550 3560 450 3240 5570 3560 3680 5430
-- Daily Average, kW 2870 1840 240 1680 2880 1840 1900 2810
-- Firm Installed, kW 4140 2650 340 2420 4150 2650 2740 4040

o Scrubbing Air Blowers Required
- Number of Blowers (1 standby) * 3 3 9 3 3 3 3 3
- Capacity, each, scfm 63,000 40,400 1,200 36,900 63,300 40,400 41,800 61,600
- Firm Capacity (duty blowers), scfm 126,000 80,800 9,600 73,800 126,600 80,800 83,600 123,200
- Blower Motor Size, each, hp 2780 1780 60 1630 2790 1780 1850 2720

SLUDGE RETURN AND WASTAGE
o Wasting Method (see Process Layout)

- Waste Flow from RAS, Qw 0.350 0.369 0.000 0.322 0.222 0.213 0.210 0.459
- Waste Flow from MLSS, Zone 7, Qmw 0.00 0.00 0.50 0.00 0.00 0.00 0.00 0.00

o Return Sludge
- Qr/Q, fraction * 0.33 0.32 4.00 0.32 0.33 0.32 0.60 0.44
- RAS flow to Aer Basin, Qr, mgd Average 13.01 7.99 151.33 7.27 13.01 7.91 15.66 16.87
- RAS concentration, mg/L 13,648 9,936 10,000 9,954 13,781 10,122 14,411 14,342

o Sludge Wastage
- Total Solids Wasted, lb/d 41,506 31,392 41,775 27,485 27,098 18,820 26,277 56,195
- Adjustment for ESS:

-- Solids in Effluent, lb/d 1,618 830 0 756 1,623 828 1,073 1,265
-- Solids in WAS, lb/d 39,888 30,562 70,449 41,775 26,728 68,503 25,476 17,992 43,467 25,204 54,929 80,133

- Concentration, mg/L 13,648 9,936 10,000 9,954 13,781 10,122 14,411 14,342
- Organic N, lb/d 2,648 2,102 2,755 1,837 1,703 1,199 1,623 3,621
- Flow Rate, mgd Average 0.350 0.369 0.719 0.501 0.322 0.823 0.222 0.213 0.435 0.210 0.459 0.669

o WAS Characteristics, mg/L
- Wasting from - RAS RAS Zone 7 RAS RAS RAS RAS RAS
- BOD 3,781 3,059 2,758 2,964 3,863 2,677 3,462 4,137
- TSS 13,648 9,936 10,000 9,954 13,781 10,122 14,411 14,342
- VSS 11,508 8,432 8,415 8,454 11,590 8,484 12,066 12,031
- NH3-N 0.3 0.4 0.2 0.3 0.5 0.9 0.2 0.4
- Organic-N 906.1 683.5 659.5 684.0 921.4 674.6 927.9 945.4
- NO3-N 6.7 7.4 7.4 6.6 7.5 7.7 5.4 7.2
- Alkalinity 141 139 139 142 139 140 146 140
- Filterable ("soluble") BOD 1.0 1.2 1.1 1.1 1.1 1.1 1.0 1.3
- Total soluble Organic N 2.3 2.4 2.3 2.3 2.3 2.4 2.3 2.4

o Recommended Installed Capacity
- Return Sludge Pumps, gpm 27,170 17,530 69,190 15,960 27,160 17,370 18,010 26,650
- WAS Pumps

-- Wasting operation, hr/day * 24 24 24 24 24 24 24 24 24 24 24 24
-- Pump Capacity (2 x Qwas), gpm 490 520 1,000 700 450 1,150 310 300 610 300 640 930
-- WAS Solids Peak Handling Capacity, lb/hr 3,330 2,550 5,880 3,490 2,230 5,710 2,130 1,500 3,630 2,110 4,580 6,680

SECONDARY EFFLUENT
o Flow Rate

- Net Secondary Effluent, mgd 38.80 24.89 63.69 37.33 22.67 60.00 38.92 24.82 63.74 25.74 37.93 63.68
o Secondary Effluent Quality

- BOD, mg/L 2 2 2.0 1 2 1.6 2 2 2.0 2 2 2.0 Estimate

  * Input Data  Ch07-AppA.xls  -  Page 18 of 26

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 04\Ch07-AppA.pdf



 == CONFIDENTIAL == NOT FOR DISTRIBUTION ===

CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 02/27/2008 1:50 PM Ch07-AppA.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

- TSS (nominal), mg/L * 5 4 4.4 0 4 2.4 5 4 4.4 5 4 4.4 Default
- VSS, mg/L 4.2 3.4 3.7 0.0 3.4 2.1 4.2 3.4 3.7 4.2 3.4 3.7
- NH3-N, mg/L 0.3 0.4 0.3 0.2 0.3 0.3 0.5 0.9 0.7 0.2 0.4 0.3
- Total Organic N, mg/L 2.7 2.7 2.7 2.3 2.6 2.5 2.7 2.6 2.6 2.6 2.7 2.7
- NO3/NO2-N, mg/L 6.7 7.4 7.1 7.4 6.6 6.9 7.5 7.7 7.6 5.4 7.2 6.5
- Alkalinity, mg/L 141 139 140 139 142 141 139 140 139 146 140 142
- Soluble Organic N, mg/L 2.3 2.4 2.4 2.3 2.3 2.3 2.3 2.4 2.4 2.3 2.4 2.4
- T.I.N., mg/L 7.0 7.8 7.5 7.6 6.9 7.2 8.0 8.6 8.3 5.6 7.7 6.8
- Total N, mg/L 9.7 10.5 10.2 9.9 9.4 9.6 10.6 11.2 11.0 8.2 10.4 9.5

TERTIARY FILTRATION In Service In Service Plant 2 (conv) only In Service In Service
o Tertiary Filtration in Service? (Y=1, N=0) * 1 1 1 1
o Influent

- Flow, mgd
-- Total 63.7 22.7 63.7 63.7

- BOD, total, mg/L 2.0 2.0 2.0 2.0
- SS, total, mg/L 4.4 4.0 4.4 4.4

o Filter Area
- Surface Area per Filter, sf * 200 200 200 200
- Backwash - Continuous (0) or Intermittent (1)? * 0 0 0 0
- Standby Units Provided * 2 2 2 2
- Number of Filters

-- Existing * 16 16 16 16
-- New * 0 0 0 0
-- Total 16 16 16 16

- Number of Units in Service 14 14 14 14
o Filter Loading

- Equalization provided? (Y=1, N=0) * 1 1 1 1
- Peaking factor * 1.10 1.10 1.10 1.10 Default
- Surface Area in Service, sf 2,800 2,800 2,800 2,800
- Loading rate, gpm/sf 17.4 6.2 17.4 17.4

o Removal
- SS Removal, % * 70 70 70 70 Default
- SS removed, lb/d 1,634 529 1,635 1,634
- BOD removed, lb/d 328 119 334 317

o Backwash Flow
- Percent of Flow, % * 9 9 9 9 Cont BW
- Backwash Flow, mgd 5.73 2.04 5.74 5.73

o Backwash Characteristics, mg/L
- BOD 8 8 8 8
- TSS 34 31 34 34
- VSS 29 26 29 29
- NH3-N 0.3 0.3 0.7 0.3
- Organic-N 5 4 5 5
- NO3-N 7.1 6.6 7.6 6.5
- Alkalinity 140 142 139 142

o Net Flow to Disinfection, mgd
- Undisinfected Plant Water Used * 0.00 0.00 0.00 0.00
- To Disinfection 57.96 20.63 58.00 57.95

o Tertiary Effluent Quality, mg/L
- BOD 1.4 1.4 1.4 1.4
- SS 1.3 1.2 1.3 1.3
- VSS, mg/L 1.1 1.0 1.1 1.1
- NH3-N, mg/L 0.3 0.3 0.7 0.3
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Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

- Total Organic N, mg/L 2.5 2.4 2.4 2.5
- NO3/NO2-N, mg/L 7.1 6.6 7.6 6.5
- Alkalinity, mg/L 140 142 139 142
- Filterable ("soluble") BOD 1.1 1.1 1.1 1.1
- Soluble Organic N, mg/L 2.4 2.3 2.4 2.4
- T.I.N., mg/L 7.5 6.9 8.3 6.8
- Total N, mg/L 10.0 9.2 10.8 9.3

CHLORINE CONTACT TANKS In Service In Service In Service In Service
o Flow Rate, mgd 57.96 57.96 58.00 57.95

- Peaking factor * 1.1 1.1 1.1 1.1
o Number of Tanks * 4 4 4 4
o Volume per Tank, mil gal * 1.327 1.327 1.328 1.327
o Detention Time @ peak, min. 120 120 120 120

FINAL EFFLUENT
o Flow Rate, mgd

- Plant Water used * 0.12 0.12 0.16 0.11
- Final Effluent Flow 57.84 57.84 57.84 57.84

RESIDUALS MANAGEMENT
SOLIDS GENERATED
o Total Primary Sludge

- Flow, mgd 1.515 0.954 2.468 1.586 0.908 2.494 1.986 1.252 3.237 0.980 1.220 2.200
- Solids, lb/d 63,163 39,762 102,925 66,122 37,882 104,003 82,809 52,188 134,997 40,860 50,873 91,734
- Concentration, % 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
- VSS, % 81 81 81 81 81 81 78 78 78 81 81 81
- Organic N, lb/d 2,654 1,670 4,323 2,757 1,592 4,349 3,263 2,054 5,317 1,723 2,150 3,874

o Total Waste Activated Sludge
- Flow, mgd 0.350 0.369 0.719 0.501 0.322 0.823 0.222 0.213 0.435 0.210 0.459 0.669

-- Recomm Installed Capacity, gpm 490 520 1,000 700 450 1,150 310 300 610 300 640 930
- Solids, lb/d 39,888 30,562 70,449 41,775 26,728 68,503 25,476 17,992 43,467 25,204 54,929 80,133

-- Recomm Installed Capacity, lb/hr 3,330 2,550 5,880 3,490 2,230 5,710 2,130 1,500 3,630 2,110 4,580 6,680
- Concentration, mg/L 13,648 9,936 11,745 10,000 9,954 9,982 13,781 10,122 11,988 14,411 14,342 14,364
- VSS, % 84 85 85 84 85 84 84 84 84 84 84 84
- Organic N, lb/d 2,648 2,102 4,750 2,755 1,837 4,592 1,703 1,199 2,902 1,623 3,621 5,244
- BOD/TSS ratio 0.28 0.31 0.29 0.28 0.30 0.28 0.28 0.26 0.27 0.24 0.29 0.27

WAS THICKENING In Service In Service In Service In Service
o Sludge Feed

- Flow, mgd 0.719 0.823 0.435 0.669
- Solids, lb/d 70,449 68,503 43,467 80,133
- Concentration, mg/L 11,745 9,982 11,988 14,364
- VSS, % 85 84 84 84
- Organic N, lb/d 4,750 4,592 2,902 5,244
- Solids BOD, lb/d 20,452 19,470 11,895 21,894
- NH3-N, mg/L 0.3 0.3 0.7 0.3
- NO3-N, mg/L 7.1 6.9 7.6 6.5
- Alkalinity 140 141 139 142
- Filterable ("soluble") BOD, mg/L 1.1 1.1 1.1 1.1
- Soluble OrgN, mg/L 2.4 2.3 2.4 2.4

-- N/VSS ratio for solids 0.080 0.079 0.080 0.078
o Number of Units * 4 4 4 4

- Number of Units in Service * 4 4 4 4
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Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

- Diameter, ft * 37 37 37 37
- Effective Area in Service, sf 3,959 3,959 3,959 3,959
- Operating cycle, hr/week * 168 168 168 168 Default

o Hydraulic loading, gpm/sf 0.29 0.30 0.18 0.30
o Solids Loading, lb/d-sf 17.8 17.3 11.0 20.2
o Thickened Sludge

- Solids Capture, % * 95 95 95 95
- Solids, lb/d 66,927 65,078 41,294 76,126
- Percent Solids, % * 6.0 GBT 6.0 GBT 6.0 GBT 6.0 GBT
- Volume, mgd 0.134 0.130 0.083 0.152
- Volatile Solids, lb/d 56,588 54,960 34,681 63,820
- Organic N, lb/d 4,516 4,365 2,759 4,985

o Underflow
- Underflow solids, lb/d 3,522 3,425 2,173 4,007
- Flow, mgd 0.585 0.693 0.352 0.517
- Characteristics, mg/L

-- BOD 211 170 204 255
-- TSS 721 593 740 930
-- VSS 610 501 621 779
-- NH3-N 0.3 0.3 0.7 0.3
-- Organic-N 48 39 49 60
-- NO3-N 7.1 6.9 7.6 6.5
-- Alkalinity 140 141 139 142

ANAEROBIC DIGESTION In Service In Service In Service In Service
o Digester Feed

- Flow, total, mgd 0.309 0.307 0.312 0.308
- Solids, total, lb/d 154,413 153,481 156,042 154,100
- Volatile Solids, total, lb/d 127,422 126,530 124,238 126,950
- Organic N, total, lb/d 8,190 8,061 7,278 8,277

o - Anaerobic Digestion Type

o Acid Phased Anaerobic Digestion In-Service In-Service In-Service In-Service
o FIRST SET OF DIGESTERS IN SERIES
o Digester Size

- Smaller Size Units
-- Number * 1 1 1 1
-- Diameter, ft * 60 60 60 60
-- SWD, ft * 28.5 28.5 28.5 28.5
-- Volume per Digester, kcf 80.6 80.6 80.6 80.6
-- Volume per Digester, mg 0.60 0.60 0.60 0.60

- Larger Size Units
-- Number * 0 0 0 0
-- Diameter, ft * 70 70 70 70
-- SWD, ft * 29 29 29 29
-- Volume per Digester, kcf 111.6 111.6 111.6 111.6
-- Volume per Digester, mg 0.83 0.83 0.83 0.83

- Gross Volume, kcf
-- All Units in Service 80.6 80.6 80.6 80.6

...Largest digester 80.6 80.6 80.6 80.6
-- One Unit OOS 0.0 0.0 0.0 0.0

- Allowance for grit, percent * 5 5 5 5
- Effective Volume, kcf
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Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

-- All Units in Service 77 77 77 77
-- One Unit OOS 0 0 0 0

o Loading
- VSS Loading, lb VSS/cf-d

-- All Units in Service 1.7 1.7 1.6 1.7
-- One Unit OOS #DIV/0! #DIV/0! #DIV/0! #DIV/0!

- Detention Time, days
-- All Units in Service 1.86 1.87 1.84 1.86
-- One Unit OOS 0.0 0.0 0.0 0.0

o SECOND SET OF DIGESTERS IN SERIES
o Digester Size

- Smaller Size Units
-- Number * 2 2 2 2
-- Diameter, ft * 90 90 90 90
-- SWD, ft * 32 32 32 32
-- Volume per Digester, kcf 203.6 203.6 203.6 203.6
-- Volume per Digester, mg 1.52 1.52 1.52 1.52

- Larger Size Units
-- Number * 1 1 1 1
-- Diameter, ft * 88 88 88 88
-- SWD, ft * 38 38 38 38
-- Volume per Digester, kcf 231.1 231.1 231.1 231.1
-- Volume per Digester, mg 1.73 1.73 1.73 1.73

- Gross Volume, kcf
-- All Units in Service 638.3 638.3 638.3 638.3

...Largest digester 231.1 231.1 231.1 231.1
-- One Unit OOS 407.2 407.2 407.2 407.2

- Allowance for grit, percent * 5 5 5 5
- Effective Volume, kcf

-- All Units in Service 606 606 606 606
-- One Unit OOS 387 387 387 387

o Loading
- VSS Loading, lb VSS/cf-d

-- All Units in Service 0.21 0.2 0.2 0.2
-- One Unit OOS 0.33 0.3 0.3 0.3

- Detention Time, days
-- All Units in Service 14.70 14.79 14.54 14.73
-- One Unit OOS 9.4 9.4 9.3 9.4

o Temperature, deg C * 35 35 35 35
o THIRD SET OF DIGESTERS IN SERIES
o Digester Size

- Smaller Size Units
-- Number * 1 1 1 1
-- Diameter, ft * 75 75 75 75
-- SWD, ft * 32 32 32 32
-- Volume per Digester, kcf 141.4 141.4 141.4 141.4
-- Volume per Digester, mg 1.06 1.06 1.06 1.06

- Larger Size Units
-- Number * 0 0 0 0
-- Diameter, ft * 90 70 70 70
-- SWD, ft * 29 29 29 29
-- Volume per Digester, kcf 184.5 111.6 111.6 111.6
-- Volume per Digester, mg 1.38 0.83 0.83 0.83

- Gross Volume, kcf
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Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

-- All Units in Service 141.4 141.4 141.4 141.4
...Largest digester 141.4 141.4 141.4 141.4

-- One Unit OOS 0.0 0.0 0.0 0.0
- Allowance for grit, percent * 5 5 5 5
- Effective Volume, kcf

-- All Units in Service 134 134 134 134
-- One Unit OOS 134 134 134 134

o Loading
- VSS Loading, lb VSS/cf-d

-- All Units in Service 0.949 0.942 0.925 0.945
-- One Unit OOS 0.949 0.942 0.925 0.945

- Detention Time, days
-- All Units in Service 3.26 3.28 3.22 3.26
-- One Unit OOS 3.3 3.3 3.2 3.3

o Digestion Summary
- Temperature, deg C * 35 35 35 35
- All units in service

-- Total Volume, mg 6.1 6.1 6.1 6.1
-- Combined SRT, days 19.8 19.9 19.6 19.8

- Largest Unit out of service
-- Largest Digester, mg 1.64 1.64 1.64 1.64
-- Combined SRT, days 14.5 14.6 14.3 14.5

o Acid Phase Assumptions
- Acid Phase Cut Off, days * 5 5 5 5
- Additoinal biodegradability of WAS, % * 0 0 0 0

o VS Reduction for the First Set of Digests In Series
- Acid Phase or Methane Phase? acid acid acid acid
- Primary Sludge VSS, ppd 70,834 71,570 89,557 63,130

-- % Degradable * 71 71 67 71
-- Inerts, ppd 20,224 20,441 29,491 18,027
-- Degradable Solids, ppd 50,610 51,129 60,066 45,103
-- VSS destruction % 27 27 25 27
-- VS Destroyed, ppd 19,076 19,344 22,493 17,022

- WAS VSS, ppd 56,588 54,960 34,681 63,820
-- Aeration Basin Aerobic SRT, days 7.2 7.9 9.2 8.2
-- % Degradable 56 55 54 55
-- Inerts, ppd 24,789 24,486 16,007 28,660
-- Degradable Solids, ppd 31,799 30,474 18,674 35,160
-- VSS destruction % 21 21 20 21
-- VS Destroyed 11,986 11,530 6,993 13,269

- Total VSS destruction, % 24 24 24 24
-- T * SRT (deg C*days) 65 65 64 65
-- VSR check, % NA NA NA NA

- VSS destroyed, lb/d 26,989 26,544 25,050 26,395
- Discharge Total Solids, lb/d 127,424 126,936 130,992 127,705
- Discharge Volatile Solids, lb/d 100,433 99,986 99,188 100,555

-- TSS, % 5.0 5.0 5.0 5.0
-- VSS, % 78.8 78.8 75.7 78.7

o Gas Production
- cf/lb VSS destroyed * 4 4 4 4
- Gas Production, kcf/d 108 106 100 106
- BTU/cf * 130 130 130 130
- MMBTU/hr 0.6 0.6 0.5 0.6

o VS Reduction for the Second Set of Digests In Series
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Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

- Acid Phase or Methane Phase? methane methane methane methane
- Remaining Primary Sludge VSS, ppd 51,758 52,226 67,064 46,108

-- % Degradable 61 61 56 61
-- VSS destruction % 50 50 46 50
-- VS Destroyed 26,089 26,324 31,030 23,241

- Remaining WAS VSS, ppd 44,602 43,430 27,688 50,551
-- % Degradable 44 44 42 43
-- VSS destruction % 37 36 35 36
-- VS Destroyed 16,392 15,690 9,647 18,117

- Total VSS destruction, % 42 42 41 41
- VSS destroyed, lb/d 42,482 42,014 40,676 41,358
- Discharge Total Solids, lb/d 84,942 84,923 90,316 86,347
- Discharge Volatile Solids, lb/d 57,951 57,973 58,512 59,197

-- TSS, % 3.3 3.3 3.5 3.4
-- VSS, % 68.2 68.3 64.8 68.6

o Gas Production
- cf/lb VSS destroyed * 22 22 22 22
- Gas Production, kcf/d 935 924 895 910
- BTU/cf * 670 670 670 670
- MMBTU/hr 26.1 25.8 25.0 25.4

o VS Reduction for the Third Set of Digests In Series
- Acid Phase or Methane Phase? methane methane methane methane
- Remaining Primary Sludge VSS, ppd 25,669 25,902 36,035 22,867

-- % Degradable 21 21 18 21
-- VSS destruction % 11 11 9 11
-- VS Destroyed 2,803 2,820 3,352 2,495

- Remaining WAS VSS, ppd 28210 27741 18042 32434
-- % Degradable 12 12 11 12
-- VSS destruction % 6 6 6 6
-- VS Destroyed 175 171 194 150

- Total VSS destruction, % 5 5 6 4
- VSS destroyed, lb/d 2,978 2,991 3,546 2,644
- Discharge Total Solids, lb/d 81,964 81,932 86,770 83,703
- Discharge Volatile Solids, lb/d 54,973 54,982 54,966 56,553

-- TSS, % 3.2 3.2 3.3 3.3
-- VSS, % 67.1 67.1 63.3 67.6

o Gas Production
- cf/lb VSS destroyed * 15 15 15 15
- Gas Production, kcf/d 45 45 53 40
- BTU/cf * 615 615 615 615
- MMBTU/hr 1.1 1.1 1.4 1.0

o Digestion Summary
- Total VSS destroyed, lb/day 72,449 71,548 69,272 70,397
- Total VSS destruction, % 37 57 37 57 37 56 37 55
- Temp * SRT 693 698 686 695
- Total Gas Production, kcf/d 1087 1075 1048 1055

-- Overall rate, cf/lb VSS destroyed 15.0 15.0 15.1 15.0
- Total Energy Production, mmBTU/hr 28 28 27 27

-- Overall rate, BTU/cf 614 614 616 614
o Nitrogen in Dig Sludge Filtrate

- Assumed Sol OrgN in Digester effl, mg/L 5 5 5 5
-- lb/d 12.9 12.79 13.00 12.84

- Org N/VSS (VSS of digester feed) in Digester Solids 0.064 0.064 0.058 0.065
- VSS destroyed, lb/d 72,449 71,548 69,272 70,397
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 == CONFIDENTIAL == NOT FOR DISTRIBUTION ===

CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 02/27/2008 1:50 PM Ch07-AppA.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

- Ammonia generated (organic N released), lb/d 4,650 4,551 4,051 4,583
- Organic N taken up by struvite, lb/d 0 0 0 0
- NH3 Concentration, mg/L 1,807 1,779 1,558 1,784
- Alkalinity, mg/L 6,452 6,354 5,563 6,373

DEWATERING (Belt Presses) N.I.S. N.I.S. N.I.S. N.I.S.
o Sludge Feed

- Flow rate, mgd * 0.309 0.307 0.312 0.308
- Total Solids, lb/d * 81,964 81,932 86,770 83,703
- Total VSS, lb/d * 54,973 54,982 54,966 56,553

o Number of Belt Presses (2m) * 0 0 0 0
- Number of Units in Service * 0 0 0 0
- Feed Rate, gpm per unit * 110 110 110 110 Default
- Operating cycle

-- days/week * 6 6 6 6
-- hours/day (calc) 0.0 0.0 0.0 0.0

o Sludge Cake
- Capture, % * 90 90 90 90 Default
- Concentration, % * 16.23 16.38 19.24 15.25 Default
- Cake Solids, lb/d

-- Dry Solids, lb/d 81,964 81,932 86,770 83,703
-- Wet Cake, tons/d   N.I.S.   N.I.S.   N.I.S.   N.I.S.

- Flow, mgd 0.309 0.307 0.312 0.308
o Filtrate

- Filtrate Flow, mgd 0.000 0.000 0.000 0.000
- Characteristics, mg/L

-- BOD * 700 700 700 700 Default
-- TSS * 250 250 250 250 Default
-- VSS 168 168 158 169
-- NH3-N 1,807 1,779 1,558 1,784
-- Organic-N 16 16 14 16
-- NO3-N 0 0 0 0
-- Alkalinity 5,414 5,394 5,196 5,303

o Wash Water
- Wash water, mgd/mgd feed * 1.00 1.00 1.00 1.00 Default

-- Wash Water flow, mgd 0.000 0.000 0.000 0.000
- Solids in Wash Water

-- Unrecovered Solids, lb/d 0 0 0 0
-- Solids in Filtrate 0 0 0 0
-- Solids in Wash Water, lb/d 0 0 0 0
-- TSS in Wash Water, mg/L 0 0 0 0

- Characteristics, mg/L
-- BOD 2 2 2 2
-- TSS 0 0 0 0
-- VSS 0 0 0 0
-- NH3-N 0.0 0.0 0.2 0.0
-- Organic-N 2 2 2 2
-- NO3-N 7.1 6.9 7.6 6.5
-- Alkalinity 140 141 139 142
-- Filterable ("soluble") BOD 1.1 1.1 1.1 1.1
-- Total soluble Organic N 2.4 2.3 2.4 2.4

o Combined Filtrate & Wash Water
- Flow, mgd

-- Filtrate 0.000 0.000 0.000 0.000
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CAROLLO ENGINEERS, PC
W.O./CLIENT: 7472A.00 / CITY OF RIVERSIDE
PROJECT: REGIONAL WATER QUALITY CONTROL PLANT - 
SUBJECT: PROCESS ANALYSIS AND MASS BALANCE
Calc by Date Time Chk by/Date  FileName:
CFP,NV 02/27/2008 1:50 PM Ch07-AppA.xls
Biotran05 v.1106

Setup Basis
Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined Plant 1 Plant 2 Combined info

Annual Average Plant Flow, mgd * 32.0 20.0 52.0 32.0 20.0 52.0 32.0 20.0 52.0 22.0 30.0 52.0
Design (Max-Month) Flow, mgd 35.5 22.2 57.7 35.5 22.2 57.7 35.5 22.2 57.7 24.4 33.3 57.7

Design Capacity (Conv. IFAS)-high SRTDesign Capacity (Conv. ASP)-high SRT Design Capacity (MBR) Design Capacity (EPT)

-- Wash Water 0.000 0.000 0.000 0.000
-- Total 0.000 0.000 0.000 0.000

- Characteristics, mg/L
-- BOD 0 0 0 0
-- TSS 0 0 0 0
-- VSS 0 0 0 0
-- NH3-N 0 0 0 0
-- Organic-N 0 0 0 0
-- NO3-N 0 0 0 0
-- Alkalinity 0 0 0 0
-- Filterable ("soluble") BOD 0 0 0 0
-- Total soluble Organic N 0.0 0.0 0.0 0.0

CENTRIFUGE DEWATERING/THICKENING In Service In Service In Service In Service

o Application
Anaerobic 
Dig Dewat

Anaerobic 
Dig Dewat

Anaerobic 
Dig Dewat

Anaerobic 
Dig Dewat

o Sludge Feed
- Flow Rate, mgd 0.309 0.307 0.312 0.308
- TSS, % 3.18 3.20 3.34 3.26
- Solids, lb/d 81,964 81,932 86,770 83,703

-- VSS fraction 0.67 0.67 0.63 0.68
o Number of Centrifuges * 3 3 3 3

- Number of Units in Service 2 2 2 2
- Feed Rate, gpm per unit * 250 250 250 250
- Operating cycle

-- days/week * 6 6 6 6
-- hours/day (calc) 12.0 11.9 12.1 12.0

o Chemical Dose
- Ferric chloride, lb/ton * 0 0 0 0
- Ferric chloride, lb/day 0 0 0 0
- Polymer, lb/ton * 16 16 16 16
- Polymer, lb/day 635 635 672 649
- Chemical Sludge generated, lb/d 0 0 0 0

o Sludge Cake
- Capture, % * 95 95 95 95 Default
- Cake Solids, lb/d 77,866 77,836 82,432 79,518
- Concentration, % * 24.9 25.0 27.5 23.6 Default
- Flow, mgd 0.0374 0.0373 0.0360 0.0405

o Filtrate
- Filtrate Flow, mgd 0.271 0.269 0.276 0.268
- Characteristics, mg/L

-- BOD * 500 500 500 500 230 Default
-- TSS 1,812 1,823 1,886 1,876 250
-- VSS 1,215 1,224 1,195 1,267 208
-- NH3-N * 1,807 1,779 1,558 1,784 23
-- Organic-N * 83 83 75 88 14
-- NO3-N * 0 0 0 0 0
-- Alkalinity * 6,452 6,354 5,563 6,373 250
-- Fpv, VSS fraction 0.67 0.67 0.63 0.68 0.83
-- Fvu, Fraction VSS that is Unbiodeg 0.70 0.70 0.70 0.70 0.350
-- D.O. Concentration, mg/L 0 0 0 0 1.0
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Chapter 8 

TERTIARY TREATMENT 

8.1 PURPOSE 
The purpose of this chapter is to analyze the tertiary influent equalization requirement, to 
evaluate the existing tertiary filters and future expansion alternatives, and to develop tertiary 
facility layouts that will meet the expansion needs at the Regional Water Quality Control 
Plant (RWQCP) for a total capacity of 52.2 mgd on an average daily basis. 

8.2 CONCLUSIONS AND RECOMMENDATIONS 
• The volume of the existing tertiary influent equalization basins is 6.0 MG. It is 

estimated that an additional equalization volume of 6.1 MG will be required based on 
the simulated Riverside wet-weather diurnal curves. The additional equalization 
basins can be built either as tertiary influent equalization basins or as primary effluent 
equalization basins. 

• The existing filters are rated to have a capacity of 28.2 mgd on an average daily flow 
basis. If Membrane Bioreactors (MBRs) are used for secondary expansion, no tertiary 
facility expansion is needed. If MBRs are not used, an additional tertiary capacity of 
24.0 mgd will be required to meet the 52.2-mgd average influent flow. 

• Cloth-disk filters are recommended over conventional dual-media filters because of 
their lower life-cycle cost and ease of operation. 

• The total project cost for the new tertiary filters is estimated to be $29.9 million for 
cloth-disk filters. 

8.3 BACKGROUND 
In Volume 4, Chapter 7 - Secondary Treatment, the alternative of MBRs for secondary 
treatment is discussed. MBRs of capacity 32 mgd for Plant 1 were chosen for future 
expansion at the project meeting on November 17, 2006. Because high-quality filtrate from 
MBRs does not require tertiary filtration, and the existing filters have a capacity of more 
than 20 mgd, no tertiary expansion is needed for the MBR alternative. Additional tertiary 
filters and flocculation basins are evaluated for non-MBR secondary treatment alternatives. 

8.4 EXISTING TERTIARY TREATMENT FACILITIES 
Table 8.1 presents the design information for the existing tertiary treatment facilities. The 
tertiary influent is equalized in four equalization basins. Flocculation basins are located 
upstream of Filters 11 through 16. There are 16 dual-media filters, each of which has a 
24-inch anthracite layer and a 15-inch silica sand layer. Filters 1 through 10 have a smaller 
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surface area than Filters 11 through 16. Filters 9 and 10 were built together with Filters 11 
through 16 in the early 1990s. They have an air scour blower to improve backwash 
performance, while Filters 1 through 8 only have water backwash.  

Table 8.1 Existing Tertiary Treatment Facilities 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 

TERTIARY INFLUENT EQUALIZATION  
Number of Equalization Basins 4 

Length 240 feet 

Width 140 feet 

Side Water Depth 7.2 feet 

Volume Each 1.5 MG 

Total Existing Volume 6.0 MG 

TERTIARY INFLUENT FLOCCULATION (FOR FILTERS 11 THROUGH 16 ONLY) 
Number of Flocculation Basins  10 

Number of Stages  2 each 

Volume Each  178,000 gallons 

Average Alumer Dosage   0.2 mg/L 

TERTIARY INFLUENT PUMPS   
Pump Stations Plant 1 Plant 2   

Number 2 duty + 1 standby 2 duty + 1 standby 

Capacity 3 @ 13,050 gpm 3 @ 8,000 gpm 

TERTIARY BACKWASH  
Number of Pumps 2 duty + 1 standby 

Capacity Each  3,200 gpm 

Quantity of Storage Tanks 2 

Volume Each 660,000 gallons 

TERTIARY FILTRATION   
Dual-Media Filters Filters 1-10 Filters 11-16   

Number 10 6 

Surface Area Each 552 ft2 650 ft2 

Total Surface Area 5,520 ft2 3,900 ft2 
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8.5 DESIGN CRITERIA 

The tertiary peaking factor is 1.5. The maximum and the average loading rate for the 
tertiary filters is 5.0 gpm/ft2 and 3.33 gpm/ft2 at the tertiary peak flow and average flow 
rates, respectively. For cloth filters, the Title 22 maximum allowance is 6.0 gpm/ft2. 
However, for this analysis, 5.0 gpm/ft2 is used, the same as conventional dual-media filters, 
based on recent experience with cloth-filter loading rates at other plants.  

The detention time for the tertiary flocculation basins is 15 minutes at the average daily 
flow, including the filter backwash flow. 

8.6 TERTIARY INFLUENT EQUALIZATION SYSTEM 

The purpose of the equalization system is to balance fluctuating flows from upstream, and 
reduce the surface area requirements for tertiary filters. Assuming the equalization basins 
are emptied every day, the necessary volume should be the accumulated volume above the 
capacity of the tertiary filters during a wet-weather peak day. The filter capacity will match 
or exceed the average influent flow in a wet weather day. 

To determine the average daily influent flow during a wet-weather peak day, the RWQCP 
influent flow data for the last 6 years was used as presented on Figure 8.1. The figure 
shows that the average daily flow for the highest peak day occurred in February 2005, at 
46.5 mgd. During the entire 6-year data timeframe, the average daily flow was 31.2 mgd. 
The ratio of the maximum average daily flow (46.5 mgd) to the overall average daily flow 
(31.2 mgd) is approximately 1.5. Applying the 1.5 ratio to the projected 2025 annual 
average daily flow of 52.2 mgd results in a peak wet-weather average daily flow of 
78.0 mgd. The accumulated volume above this value in a diurnal flow curve is used to 
calculate the maximum necessary volume of the equalization basins. 

Since there is no diurnal flow curve available for the RWQCP, the diurnal curves from the 
City’s Collection System Master Plan were used. Data from the two flowmeters (Meters 7 
and 8), located close to the RWQCP, as discussed in Volume 4, Chapter 12 - Primary 
Effluent Equalization, were used to simulate the RWQCP diurnal curve, as shown on 
Figure 8.2. The equalization volume is equal to the area below the simulated diurnal flow 
curves and above the peak wet-weather average daily flow line (78.0 mgd). The required 
volumes are 10.1 MG and 8.8 MG for the two curves, respectively. Using the larger 
required volume from the adopted curves and including a 20-percent safety factor as an 
operational contingency, the total designed equalization volume is 12.1 MG. This total 
volume can be built as either tertiary influent equalization or primary effluent equalization. 
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If primary effluent equalization basins are not used, two new tertiary influent equalization 
basins would be needed for the additional volume of 6.1 MG, as presented in Table 8.2. 
The final design of the equalization basins should use the actual diurnal curve for the 
RWQCP, which will be available after completion of the influent metering project. The 
dimensions of the new basins should be determined during the preliminary design based on 
a geotechnical investigation. A cursory review of the existing geotechnical boring logs from 
past geotechnical reports completed for the adjacent area indicates a groundwater level of 
approximately 15 feet below ground level. For this reason, the depth of the equalization 
basins is limited to 8 feet for this Integrated Master Plan. 

Table 8.2 Tertiary Influent Equalization Basin Volume 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Quantity Size Total Volume 

Required Volume   10.1 MG 

Total Volume(1)   12.1 MG 

Existing Basins 4  240 x 140 x 7.2 ft. (1.5 MG) 6.0 MG 

New Basins(2) 2 330 x 250 x 8 ft. (4.4 MG) 6.1 MG 

Notes: 
(1) Includes 20-percent operational safety factor. 
(2) Assume 2:1 sloped side; dimensions depended on geotechnical conditions. 

8.7 TERTIARY FILTERS 
For this Integrated Master Plan, two expansion alternatives, conventional dual-media filters 
and cloth-disk filters, are evaluated for tertiary filtration. They are assessed based on a 
life-cycle cost analysis as well as other non-economic factors. 

8.7.1 Alternative 1 – Conventional Dual-Media Filters 

The conventional filters are designed to filter water by gravity and the filters are removed 
from service intermittently for backwash, which usually uses water accompanied by air from 
the bottom to loosen particles adhering to the sand grains. Based on one backwash filter for 
each filter system and one standby filter for every six filters, Table 8.3 lists the existing 
capacity and the required tertiary treatment capacity for non-MBR expansion alternatives 
for both conventional and cloth filters. 

Table 8.3 Tertiary Filters Capacity (Tertiary Peaking Factor = 1.5) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Existing Dual-Media Filters Filters 1-10 Filters 11-16 
Designed Loading Rate  3.3 gpm/ft2 3.3 gpm/ft2 
Wet-Weather Peak Loading(1) 5.0 gpm/ft2 5.0 gpm/ft2 
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Table 8.3 Tertiary Filters Capacity (Tertiary Peaking Factor = 1.5) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Quantity 10 (7 duty, 2 standby, 
1 backwash) 

6 (4 duty, 1 standby, 
1 backwash) 

Surface Area for Each Filter 552 ft2 650 ft2 
Total Area 5,520 ft2 3,900 ft2 
Total Effective Area 3,864 ft2 2,600 ft2 
Tertiary Flow Including Backwash(2) 31.0 mgd 
Existing Capacity 28.2 mgd 

New Filters 
Alternative 1: 

Conventional (Dual-Media)
Alternative 2: 

Cloth-Disk (AquaDisk®)
Designed Loading Rate 3.3 gpm/ft2 3.3 gpm/ft2 
Wet-Weather Peak Loading(1) 5.0 gpm/ft2 5.0 gpm/ft2 
Quantity 12 (9 duty, 2 standby, 

1 backwash) 
10 (8 duty, 2 standby) 

Surface Area for Each Filter 620 ft2 646 ft2 
Total Area 7,440 ft2 6,460 ft2 
Total Effective Area 5,580 ft2 5,168 ft2 
Tertiary Flow Including Backwash(2) 26.4 mgd 24.7 mgd 
Expansion Capacity 24.0 mgd 24.0 mgd 
Total Capacity (Existing + 
Expansion) 

52.2 mgd 52.2 mgd 

Notes: 
(1) Maximum Title 22 Loading Rate: 5.0 gpm/ft2 for conventional filters, 6.0 gpm/ft2 for 

cloth-disk filters. 
(2) Backwash for dual-media filters: 10 percent; backwash for cloth-disk filters: 3 percent. 

8.7.2 Alternative 2 – Cloth-Disk Filters 

Figure 8.3 shows a section of a typical AquaDisk® cloth-disk filter unit. Each AquaDisk® unit 
has 12 cloth-disk filters that are completely submerged. By gravity, liquid passes through 
the cloth media with an outside-in mode. The backwash cycle is initiated at a predetermined 
level or time, and the solids are removed by a stationary backwash suction head, as shown 
on Figure 8.4. The suction head behaves similar to a vacuum cleaner, through a manifold 
that creates suction to force filtrate back through a small portion of the filter panels from 
both sides of each disk. The disks rotate at 1 rpm to allow the entire surface of the filter 
panels to be cleaned. The disks are cleaned in multiples of two, and one backwash cycle 
takes 6 minutes. During the backwash cycles, filtration is continuous. The cloth disks are 
stationary except during the backwash cycle. There are two 2-hp backwash pumps and one 
0.75-hp shaft driver for each unit, and the backwash valves and motors are automatically 
controlled.
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8.7.3 Non-Economic Comparison 

A comparison of non-economic factors for the two alternatives is presented in Table 8.4. In 
general, cloth-disk filters have a simpler mechanism and require less maintenance, but 
cloth media have a lower resistance to chemicals. If chlorine is used to control algae and 
slime, the concentration should not exceed 1 mg/L for the cloth-disk filters. The cloth media 
are also sensitive to polymer concentrations. Therefore, polymer dosage needs to be 
carefully controlled to avoid blinding the filters. 

Table 8.4 Non-Economic Comparison of Conventional and Cloth-Disk Filters 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 
Alternative 1: 

Conventional (Dual-Media) 
Alternative 2: 

Cloth-Disk (AquaDisk®)

Operating Filter Head Loss 10 feet 3 feet 

Long-Term Equipment Reliability + 0 

Resistance to Chemical Addition + – 

Flocculation Basin Required 0 0 

Backwash Downtime – + 

Backwash Horsepower Requirement – + 

Maintenance Requirement – + 

Air Scour Blower Requirement – + 

Ratings: 
+ = Positive comparative characteristic. 
– = Negative comparative characteristic. 
0 = Neutral comparative characteristic. 
 

8.7.4 Flocculation Basins 

Based on experience from other installations, flocculation basins may be needed to meet 
Title 22 standards consistently. For this evaluation, it is assumed that flocculation basins 
are required. Pilot or bench-scale testing can help determine this. The dosage requirement 
for the alumer (or alum and polymer) would be affected by the particle distribution of the 
tertiary influent, and the dosage should be determined based on pilot or bench-scale 
testing. The capacity and costs of the flocculation basins are based on the average tertiary 
flow for the new filters, including the filter backwash at a detention time of 15 minutes. 
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8.7.5 Site Layout 

A proposed layout for a tertiary influent pump station, new flocculation basins, and new 
filters is shown on Figure 8.5, near the existing filters and chlorine contact basins. The 
footprint for the filters on Figure 8.5 includes room for either the cloth-media or the 
dual-media filter alternatives. 

8.7.6 Life-Cycle Cost Analysis 

The total project costs are $40.0 and $29.9 million for conventional filters and cloth-disk 
filters, respectively. The Operations and Maintenance (O&M) costs for conventional filters 
are also higher than the cloth-disk filters. Life-cycle costs for the two alternatives are shown 
in Table 8.5. At the project meeting on November 17, 2006, it was decided to use cloth-disk 
filters because of the lower life-cycle cost and simplicity of operation. 

Table 8.5 Life-Cycle Cost of Conventional and Cloth-Disk Filters 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 
Alternative 1: 

Conventional (Dual-Media) 
Alternative 2: 

Cloth-Disk (AquaDisk®) 

Filter Facility(1) $10,390,000 $7,300,000 

Flocculation Basins(1) $1,090,000 $1,020,000 

Tertiary Influent Pump Station(1) $1,160,000 $1,110,000 

Total Project Cost $40,000,000 $29,900,000 

Yearly O&M Cost(2) $153,000 $86,000 

Replacement Cost(3) $199,000 $91,000 

Life-Cycle Cost(4) $42,800,000 $31,500,000 

Notes: 
(1) Total direct costs. 
(2) Includes the chemical cost and backwash pumping cost. The required media refill and 

the influent pumping power cost for the 7-foot head loss difference is also included for 
conventional filters (see the first item in Table 8.4). 

(3) Conventional dual media will be replaced every 10 years, and cloth media will be 
replaced every 5 years. 

(4) As present value, assuming a life-cycle period of 19 years, a discount rate of 6 percent, 
and an escalation rate of 6 percent for the first 5 years and 4 percent thereafter. 
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Chapter 9 

DISINFECTION 

9.1 PURPOSE 
The purpose of this chapter is to evaluate expansion alternatives for the City of Riverside 
(City) Regional Water Quality Control Plant (RWQCP) disinfection system that will meet 
California Title 22 standards. Ultraviolet (UV) and/or ozone disinfection are compared with 
the existing sodium hypochlorite (NaOCl) chlorination and dechlorination system.  

9.2 CONCLUSIONS AND RECOMMENDATIONS 
• Existing NaOCl should continue to be used as the disinfection method unless future 

regulations require removal of pollutants that only advanced disinfection systems can 
provide. 

• Ozone or ozone plus UV should be considered for disinfection if removal of Endocrine 
Disrupting Compounds (EDCs) is required by future regulations. These alternatives 
will be developed as alternate treatment scenarios for the Master Plan Manager™ 
(MPMTM). 

• UV alone will not be used as the disinfection method because it is incapable of 
removing EDCs.  

• A tracer test should be performed for each existing chlorine contact basin in order to 
determine the size requirement for new basins. 

9.3 DESIGN CRITERIA  
The average and maximum daily flows to the disinfection facilities are 52 mgd and 78 mgd, 
respectively.  

California Title 22 standards are used for the evaluation in this Chapter. Title 22 requires 
disinfected tertiary recycled water to meet the following criteria: 

1. The filtered wastewater has been disinfected by either: 
a. A chlorine disinfection process following filtration that provides a CT (the 

product of total chlorine residual and modal contact time measured at the same 
point) value of not less than 450 milligram-minutes per liter at all times with a 
modal contact time of at least 90 minutes, based on peak dry weather design 
flow; or 

b. A disinfection process that, when combined with the filtration process, has been 
demonstrated to inactivate and/or remove 99.999 percent of the plaque-forming 
units of F-specific bacteriophage MS2, or polio virus in the wastewater. A virus 
that is at least as resistant to disinfection as polio virus may be used for 
purposes of the demonstration. 
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2. The median concentration of total coliform bacteria measured in the disinfected 
effluent does not exceed an MPN of 2.2 per 100 milliliters utilizing the bacteriological 
results of the last 7 days for which analyses have been completed and the number of 
total coliform bacteria does not exceed an MPN of 23 per 100 milliliters in more than 
one sample in any 30-day period. No sample shall exceed an MPN of 240 total 
coliform bacteria per 100 milliliters. 

For the Integrated Master Plan, the dose and contact time of each disinfection alternative to 
meet the above requirements are listed in Table 9.1. 

Table 9.1 Design Criteria for Disinfection Alternatives 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Disinfection Dose Contact Time 

NaOCl  450mg-min/L 106 min(1) 

UV(2) 100/80mJ/cm2(3) - 

Ozone(4) 5mg/L 15 min 

Ozone: 3mg/L Ozone and UV(5) 

UV: 100/80mJ/cm2(3) 

- 

Notes: 
(1) Modal contact time equals 90 minutes, based on an assumed ratio of modal contact 

time to theoretical contact time of 0.85. 
(2) UV as the only disinfection method, using open-channel reactors. 
(3) Dose for tertiary filtrate/membrane bioreactor (MBR) effluent. Total dose includes 

fouling and aging factors. 
(4) Ozone as the only disinfection method, using contact basins for MBR effluent only. 
(5) Ozone in-pipe contactor followed by in-vessel UV reactor. Without published studies 

quantifying the disinfection credit of ozone pretreatment, the UV dose is assumed the 
same as without ozone pretreatment. This could be lowered upon pilot testing.  

9.4 EXISTING DISINFECTION FACILITIES 
The existing disinfection facilities are listed in Table 9.2. As discussed in Volume 4, 
Chapter 1 - Existing Facilities, the RWQCP has three Chlorine Contact Basins (CCBs) for 
chlorination. Water from CCB1 discharges into CCB2 or CCB3. CCB2 is currently out of 
service. Part of the CCB1 effluent is used as recycled water for the Van Buren Golf Course 
and RWQCP utility water needs. The remaining portion of the CCB1 effluent goes through 
CCB3 for either urban forest irrigation or river discharge. Sodium bisulfite is used to 
dechlorinate the flow that is discharged to the river. 
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Table 9.2 Existing Disinfection Facilities 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 

Chlorination   

Disinfection Chemical Sodium Hypochlorite (NaOCl) 

Current Chemical Dose  5 to 8 mg/L 

Chlorine Contact Basins CCB 1 CCB 2 CCB 3    

Length to Width Ratio 18.5:1 63.5:1 48:1 

Volume 448,320 gal 1,426,470 gal 3,022,960 gal 

Total Volume  4.90 MG 

Theoretical Contact Time 106 min 

Modal Contact Time  90 min  

Existing Capacity  44 mgd (Average Daily Flow) 

Dechlorination  

Dechlorination Chemical Sodium Bisulfite (NaHSO3) 

To evaluate the capacity of the existing CCBs, a modal contact time of 90 minutes is used 
to meet Title 22 standards. Ideally, water entering a basin will travel from the inlet to the 
outlet for a period equal to the reactor volume divided by the flow rate, which is termed as 
theoretical contact time. However, because of back-mixing and velocity currents, along with 
short-circuiting and dead zones, the modal contact time is shorter than the theoretical 
contact time. The modal contact time corresponds to the maximum concentration in a tracer 
curve for a pulse-input tracer test. 

Because no tracer tests have been performed on the three CCBs, the ratio of modal contact 
time to the theoretical contact time is assumed to be 0.85 to calculate the maximum basin 
capacity. Applying a tertiary peaking factor of 1.5, the current disinfection capacity is 
44 mgd on an average daily basis. An additional facility with a capacity of 8 mgd is needed 
for expansion to 52 mgd. If tracer tests are performed for the three CCBs and the results 
show that the modal contact time is close to the theoretical contact time for all CCBs, then a 
small capacity may be needed. Also, it may be possible to modify the basins to improve 
modal contact time. Therefore, it is recommended that the City perform tracer tests on each 
of the existing CCBs. 

The chemical systems for chlorination and dechlorination, including the feed equipment and 
chlorine storage facilities, will be evaluated as needed for the 52-mgd expansion during 
preliminary design. 
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9.5 EXPANSION ALTERNATIVES 
Increased understanding of chlorine-based disinfection shortcomings on pathogens and 
rising public and regulatory concerns on Disinfection By-Products (DBPs) such as 
Trihalomethanes (THMs) and Haloacetic Acids (HAA5), have pushed the wastewater 
treatment industry to look for alternative disinfectants to chlorine. Advances in analytical 
methods coupled with toxicity research on humans and wildlife may result in the regulation 
of constituents that are not currently regulated at wastewater treatment plants. These 
constituents may include nitrosamines, (e.g., N-nitrosodimethylamine (NDMA), 
N-nitrosodiethylamine (NDEA), N-nitrosodi-n-propylamine (NDPA)), and EDCs.  

For the Master Plan, UV and ozone are considered as alternatives to the existing 
hypochlorite disinfection. UV disinfection is considered because it is a well-proven and 
cost-effective disinfection technology. Ozone is a much less common wastewater treatment 
technology than UV, and it is currently not accepted by the California Department of Health 
Services (CDHS) as an approved technology for the production of recycled water. However, 
there are several full-scale ozone installations for water treatment disinfection. In addition, 
there are studies that suggest that ozone is an effective disinfectant with a strong potential 
for EDC destruction. 

9.5.1 Sodium Hypochlorite 

While chlorine-based disinfection is predicted to be phased out gradually, it is likely to 
maintain some presence until other treatment methods capable of leaving a measurable 
disinfection residual are developed. For recycle and reuse, even with advanced disinfection 
such as ozone and UV, a 2-mg/L chlorine residual is recommended in distribution systems 
to control bacterial regrowth. The advantages and disadvantages of NaOCl disinfection are 
as follows: 

9.5.1.1 Advantages 

• Existing disinfectant at the RWQCP, so operating experience exists. 

• Most economical. 

• Provides disinfection residual for recycled water.  

9.5.1.2 Disadvantages 

• Disinfection by-product formation. 

• Risk of transporting and storing a hazardous chemical. 

• Potential lower capability of virus and protozoa removal when compared to ozone and 
UV. 

• Higher Total Dissolved Solids (TDS) in the effluent. 

• Requires dechlorination for river discharge. 
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9.5.2 Ultraviolet 

UV disinfection is a well-proven and robust process when the reactor design is optimized 
and particles do not shield pathogens or interfere with light transmission. A low-pressure 
high-intensity UV channel is shown on Figure 9.1. UV radiation at a wavelength of 254 nm 
is an effective agent to inactivate microorganisms by damaging their DNA. The inactivation 
of microorganisms is proportional to the intensity multiplied by the time of exposure to UV, 
termed as UV dose. The actual UV dose reaching the microorganism depends on factors 
such as the UV transmittance (UVT), flow rate, the geometry of the UV reactor, and the 
hydraulics of the system. The advantages and disadvantages of UV disinfection are as 
follows: 

9.5.2.1 Advantages 

• Physical process: No disinfection by-products.  

• Higher virus and protozoan pathogen inactivation than chlorine-based disinfection. 

• Fast reaction time and small footprint. 

• Compatible with chlorination to provide a multiple barrier. Pre-UV chlorination 
provides algal growth control.  

9.5.2.2 Disadvantages 

• Not effective on EDCs. 

• Higher cost than chlorine-based disinfection. 

• Performance can be negatively affected by the presence of particle-associated 
organisms: It is expected that the RWQCP tertiary effluent has low turbidity and small 
particles. Therefore, UV is expected to be effective at the designed dose for this 
project. 

9.5.3 Ozone 

Ozone disinfects by oxidizing the cell walls of the microorganisms, causing them to 
disintegrate. This is a different mechanism from chlorine, which diffuses though the cell 
wall, making the cell susceptible to enzymatic attack. For this reason, ozone disinfects more 
effectively and much faster. Ozone was originally used in potable water treatment. The use 
of ozone for wastewater disinfection has not increased comparably to its use in drinking 
water disinfection, due to its high cost for a high dose. A typical ozone process schematic is 
shown on Figure 9.2. 

Because recent research has shown that EDCs may cause gender deformities in fish 
around ocean outfalls and surface water discharges, it is predicted that EDCs will be 
regulated in the future. 
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FIGURE 9.1
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FIGURE 9.2
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Research also shows that ozone is the most effective method to destroy EDCs compared to 
NaOCl and UV. The advantages and disadvantages of ozone disinfection are as follows: 

9.5.3.1 Advantages 
• Effective on bacteria, viruses, and micro-pollutants. 

• Strong oxidant: Eliminates color, odor, and taste by oxidizing organic and inorganic 
matter (primarily potable water advantages).  

• Increases the dissolved oxygen content of the effluent for river discharges. 

9.5.3.2 Disadvantages 
• Currently it is not approved by the CDHS as an accepted disinfection technology for 

the production of recycled water. 

• High cost is related to the high dose and low efficiency of ozone generation 
equipment. Therefore, it is not cost effective without MBRs upstream.  

• Possibility of bromate/bromine formation at high ozone doses (higher than 10 mg/L). 
Therefore, it is not applicable for conventional tertiary effluent, which requires high 
doses.  

• Complexity of the ozone system: Ozone has to be generated on-site and the 
equipment includes an ozone generator, power supply unit, ozone dissolution system, 
ozone contactor, ozone destruction unit, nitrogen boosting system, cooling unit, 
Liquid Oxygen (LOX) storage, LOX filters, dryers and vaporizers, valves, and 
controls. 

• Ozone is corrosive and toxic.  

• Off-gas requires destruction. 

• Organic disinfection by-products may be formed in the process, such as aldehydes, 
ketones, and acetaldehydes. 

9.5.4 Ozone and Ultraviolet 

Because low dose ozone can increase UV transmittance, the disinfection costs using low 
dose ozone followed by UV are potentially equivalent to UV only costs. Additionally, 
because of the concern of EDCs and the infeasibility of ozone as a disinfection method for 
non-MBR applications, a combined ozone and UV process, as shown on Figure 9.3, is 
evaluated for the Master Plan. To obtain a higher ozone contact efficiency and improve 
hydraulics, an in-pipe ozone contactor (Applied Process Technology Inc., Pleasant Hill, 
California) is used for this alternative. In addition, an in-vessel UV reactor is used in this 
process for better dose distribution.  
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FIGURE 9.3

OZONE IN-PIPE AND 
UV IN-VESSEL

PROCESS SCHEMATIC

MBR Effluent or
Tertiary Effluent

Disinfected Effluent

Notes:

1. Ozone in-pipe contactor (Applied Process Technology, 
    Pleasant Hill, CA) provides 1 minute contact time for mixing.

2. UV dose includes fouling and aging factors.

Ozone In-pipe
3 mg/L

(1)

(2)

UV In-vessel
80 mJ/cm for MBR Effluent
100 mJ/cm for Tertiary Effluent
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The advantages and disadvantages of the combination of ozone and UV disinfection are as 
follows: 

9.5.4.1 Advantages 
• Low dose ozone will increase UV transmittance and provide partial disinfection and 

micro-pollutant destruction with less possibility of bromate/bromine formation. Shorter 
ozone contact time. 

• No requirement for residual ozone destruction. 

• An Advanced Oxidation Process (AOP) in which secondary oxidants are formed to 
oxidize organic and inorganic compounds including EDCs. 

9.5.4.2 Disadvantages 

• No experience in a wastewater application. 

• The combined low dose ozone and UV process has currently not been approved by 
CDHS for water recycling applications. 

9.6 NON-ECONOMIC COMPARISON OF ALTERNATIVES 
A non-economic comparison of the alternatives is summarized in Table 9.3. 

Table 9.3 Non-Economic Comparisons of Disinfection Alternatives 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 NaOCl UV Ozone Ozone+UV 

Microorganism Inactivation 0 + 0 + 

EDC Destruction 0 – + + 

Contact Time – + + + 

Disinfection By-Products – + 0 + 

TDS – + + + 

Safety Concerns – + – – 

Operating Experience + 0 – – 

Ease of Operation + 0 – – 

Ease of Maintenance + – – – 

Disinfection Residual Yes No No No 

Ratings: 
+ = Positive comparative characteristic. 
– = Negative comparative characteristic. 
0 = Neutral comparative characteristic. 
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9.7 LIFE-CYCLE COST 
Life-cycle costs for the alternatives are shown in Tables 9.4 through 9.6.  

Table 9.4 presents a comparison of the alternatives for disinfection facilities sized for 
8 mgd. In this comparison, all of the disinfection alternatives are assumed for conventional 
tertiary effluent. In addition, in this comparison, the existing NaOCl disinfection system 
would continue to be used for 44 mgd and an additional 8 mgd of disinfection would be 
provided by one of the three alternatives for disinfection. This would increase the total 
disinfection system capacity from 44 mgd to 52 mgd. 

Table 9.4 Life-Cycle Costs of Disinfection Alternatives: 8-mgd Conventional 
Effluent 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Disinfection NaOCl(1) UV Ozone+UV(2) 

Total Project Cost $4,070,000 $10,100,000 $22,230,000 

Yearly O&M Cost $151,000 $228,000 $381,000 

Life-Cycle Cost(3) $6,670,000 $14,010,000 $28,770,000 

Notes: 
(1) Yearly operation and maintenance (O&M) cost and life-cycle cost for NaOCl 

disinfection include the costs for dechlorination with sodium bisulfite. 
(2) Cost based on UV dose of 100 mJ/cm2 for conventional tertiary effluent. The dose, and 

thus the cost, may be lowered upon the completion of pilot testing. 
(3) As present value, assuming life-cycle period of 19 years, discount rate of 6 percent, 

and escalation rate of 6 percent for the first 5 years and 4 percent thereafter. 

Table 9.5 presents a comparison of the alternatives for disinfection facilities sized for 
52 mgd. Similar to the comparison in Table 9.5, all of the disinfection alternatives in this 
comparison are assumed for conventional tertiary effluent. In this comparison, for the 
NaOCl alternative, the existing NaOCl disinfection system would continue to be used for 
44 mgd and an additional 8-mgd CCB would provide the remaining disinfection capacity. 
For the UV and ozone alternatives, new facilities with a capacity of 52 mgd would be 
required, because either of these alternatives would replace the existing NaOCl facilities if 
selected. 

Table 9.5 Life-Cycle Costs of Disinfection Alternatives: 52-mgd Conventional 
Effluent 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Disinfection NaOCl(1) UV Ozone+UV(2) 

Total Project Cost $4,070,000 $47,000,000 $70,410,000 

Yearly O&M Cost $980,000 $1,279,000 $1,579,000 
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Table 9.5 Life-Cycle Costs of Disinfection Alternatives: 52-mgd Conventional 
Effluent 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Disinfection NaOCl(1) UV Ozone+UV(2) 

Life-Cycle Cost(3) $20,900,000 $68,950,000 $97,520,000 

Notes: 
(1) The project cost for NaOCl disinfection only includes the additional 8-mgd CCB. Yearly 

O&M cost and life-cycle cost include chlorination and dechlorination for both existing 
and new facilities for 52 mgd. 

(2) Cost based on UV dose of 100 mJ/cm2 for conventional tertiary effluent. The dose, and 
thus the cost, may be lowered upon the completion of pilot testing. 

(3) As present value, assuming life-cycle period of 19 years, discount rate of 6 percent, 
and escalation rate of 6 percent for the first 5 years and 4 percent thereafter. 

Table 9.6 also presents a comparison of the alternatives for disinfection facilities sized for 
52 mgd. However, in this comparison, it is assumed that the disinfection alternatives will be 
for 20 mgd of conventional tertiary effluent and 32 mgd of MBR effluent. In this comparison, 
for the NaOCl alternative, the existing NaOCl disinfection system would continue to be used 
for 44 mgd and an additional 8-mgd CCB would provide the remaining disinfection capacity. 
For the UV and/or ozone alternatives, new facilities with a capacity of 52 mgd would be 
required, because either of these alternatives would replace the existing NaOCl facilities if 
selected. However, there are several different combinations of UV and ozone treatment that 
can be applied to the 52 mgd, depending upon whether the influent to the disinfection 
system is from conventional tertiary or MBR systems. These combinations follow the 
general rule that ozone is only used in series with UV for disinfection of conventional tertiary 
effluent, but can be used by itself for disinfection of MBR effluent. As described previously, 
this is due to the potential for bromate/bromine formation when high doses of ozone are 
applied to conventional tertiary effluent, and it is not a problem for MBR effluent because 
lower ozone doses are required. 

At the project meeting on December 20, 2006, it was decided to continue the use of NaOCl 
as the only disinfection method until regulatory changes require a method to remove 
additional pollutants, such as EDCs. The decision was based on the high cost to implement 
ozone or ozone plus UV. Under the current regulatory conditions, minimal additional 
expenditures would be required to continue using NaOCl. In addition, when regulatory 
changes do require an advanced disinfection method, it will likely be ozone or a 
combination of ozone and UV. The final method would be determined during preliminary 
design. Alternative treatment scenarios for the MPMTM will be established that include 
ozone and a combination of ozone and UV. 

It was also decided that the City should perform tracer tests to determine the actual 
requirement for additional chlorine contact basins. 
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Table 9.6 Life-Cycle Costs of Disinfection Alternatives: 20-mgd Conventional Effluent and 32-mgd MBR Effluent 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Disinfection for Conventional NaOCl(1) UV Ozone +UV(2) UV  Ozone +UV(2,3) Ozone +UV(2) 
Disinfection for MBR NaOCl(1) UV UV Ozone Ozone(3) Ozone +UV(4) 

Total Project Cost $4,070,000 $34,000,000 $52,540,000 $53,980,000 $72,520,000 $64,370,000 

Yearly O&M Cost  $980,000 $880,000 $1,106,000 $1,677,000 $1,902,000 $1,347,000 

Life-Cycle Cost(5) $20,900,000 $49,100,000 $71,530,000 $82,760,000 $105,180,000 $87,500,000 

Notes: 
(1) The project cost for NaOCl disinfection only includes the additional 8-mgd CCB. Yearly O&M cost and life-cycle costs include 

chlorination and dechlorination for both existing and new facilities for 52 mgd. 
(2) Cost based on UV dose of 100 mJ/cm2 for conventional tertiary effluent. The dose, and thus the cost, may be lowered upon the 

completion of pilot testing. 
(3) Cost based on in-pipe ozone contactor for 32 mgd, and in-tank ozone contactor for 20 mgd. In-tank ozone contactor can be used 

for both streams to lower the cost if hydraulically feasible. 
(4) Cost based on UV dose of 80 mJ/cm2 for MBR effluent. The dose, and thus the cost, may be lowered upon the completion of pilot 

testing. 
(5) As present value, assuming life-cycle period of 19 years, discount rate of 6 percent, and escalation rate of 6 percent for the first 

5 years and 4 percent thereafter. Includes chlorination and dechlorination O&M costs for the existing 44-mgd facilities.  
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9.8 DISINFECTION FACILITY LAYOUT 
Figure 9.4 shows the proposed layout of the UV and ozone facilities as an alternative 
treatment strategy in the MPMTM. After the tracer test, if it is determined that an additional 
chlorine contact basin is needed instead of advanced disinfection, it will be located where 
the ozone facilities are shown on Figure 9.4. 
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Chapter 10 

RECYCLE STREAM MANAGEMENT 

10.1 PURPOSE 
The purpose of this chapter is to describe the evaluation of alternatives for handling the 
recycle flows from dewatering at the Regional Water Quality Control Plant (RWQCP). The 
aim was to identify a project that could be used to improve secondary treatment operation 
as well as secondary effluent quality before expanding secondary treatment capacity. This 
chapter focuses on the treatment and management of the recycle flows from dewatering; it 
does not consider treatment options for other in-plant recycles such as filter backwash and 
Dissolved Air Flotation (DAF) underflow, which would not contain significant pollutant loads. 

10.2 RECOMMENDATIONS AND CONCLUSIONS 
• Both the Single Reactor High-Activity Ammonia Removal Over Nitrite (SHARON) 

Alternative and the SHARON combined with Anaerobic Ammonia Oxidation 
(ANAMMOX) Alternative require precise process control. There are only a few 
SHARON full-scale facilities and no known full-scale SHARON combined with 
ANAMMOX systems in operation in this country. The ANAMMOX biomass also has a 
very low growth rate, which means that it would take months to recover from process 
upsets. Based on these factors, neither the SHARON Alternative nor the SHARON 
combined with ANAMMOX Alternative appear to be feasible at this time. 

• The Centrate and Return Activated Sludge (RAS) Re-Aeration Basin (CaRRB) 
system uses RAS from secondary treatment to supply biomass and alkalinity for 
recycle treatment. In this case, the CaRRB system could be housed in the old 
Chlorine Contact Basin and receive RAS from the two small Plant 2 secondary 
clarifiers. Analysis showed that this system could increase the capacity of the Plant 2 
secondary treatment by approximately 2 mgd, but it could not treat the full recycle 
stream without exceeding the future effluent Total Inorganic Nitrogen (TIN) limits 
(10 mg/L). It would also be necessary to pump twice (clarifiers to CaRRB and CaRRB 
to Plant 2 Aeration Basins). Life-cycle cost for this option is more than twice as high 
as that of an equivalent capacity secondary treatment plant. Hence, CaRRB is not 
feasible. 

• The Equalization (EQ) Basin Alternative would ensure an even nitrogen load 
throughout the week and will lead to improved process control. However, the cost of 
constructing and operating a new EQ basin is high and the benefits of having an EQ 
basin do not justify the costs. Operating the dewatering system 7 days a week and 
using the existing 24-hour EQ would achieve the same benefits for a fraction of the 
cost. Hence, no interim project is recommended. Expansion to 52 mgd, as described 
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in the remainder of this volume, would make recycle treatment obsolete as the 
recycle load has been included in the design. 

• The City of Riverside (City) should proceed with a 7-days-per-week dewatering 
operation, in order to achieve lower average TIN concentration load into the aeration 
basins. 

10.3 DESCRIPTION OF EXISTING FACILITIES 
At the RWQCP, recycle streams are generated from thickening of Waste Activated Sludge 
(WAS) from the activated sludge process, backwash of tertiary filters, and the digested 
sludge dewatering process. Each of the recycle streams has different properties and it is 
important to account for the impacts these streams have on the wastewater treatment 
process. 

Currently, the tertiary filter backwash water, centrate (from dewatering centrifuge), and 
filtrate (from dewatering belt filter presses) are combined in waste ponds where they are 
equalized over a 24-hour period. The combined recycle stream from the waste ponds is 
pumped into the screened influent upstream of the primary clarifiers. In the past, all flow 
was recycled to Plant 1 only, causing Plant 1 secondary effluent TIN concentrations to be 
consistently higher than those in the Plant 2 effluent. Since March 17, 2006, the recycle 
flows are split between Plant 1 and Plant 2 (with approximately 20 percent to Plant 1 and 
80 percent to Plant 2). However, the flow split is not measured and the actual split may 
differ from this estimate. It may also change over time. It is recommended that these flows 
be metered in the future, so that the flow split can be quantified and controlled. 

The recycle stream from the dewatering units (belt filter press and centrifuge) has a very 
high ammonia concentration that significantly increases the nitrogen load entering the 
secondary treatment process. Currently, the centrifuge at the RWQCP is operated 
continuously and is typically taken off-line for regular maintenance and operation work on 
Wednesdays. The belt filter presses are operated to dewater sludge when the centrifuge is 
out of service and/or when there is a need for extra dewatering capacity.  

The DAF subnatant (from WAS thickening) is mixed with the RAS and is recycled to the 
Plant 2 aeration basins. 

For a detailed description of the existing facilities, refer to Volume 4, Chapter 1 - Existing 
Facilities. The description of facilities for handling waste solids generated during the 
wastewater treatment process is discussed separately. The basis of design for the various 
solids handling processes is discussed in Volume 8, Chapter 3 - Design Criteria. 

10.3.1 Recycle Characteristics 

Using the influent quality and operating data, a Biotran model was calibrated (refer to 
Volume 8, Chapter 3 - Design Criteria). The calibrated model was used to project the future 
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plant performance at an annual average influent flow of 40 mgd. The recycle flow was 
increased proportionally to account for future annual average flows of 52.2 mgd. An 
estimate for future recycle stream flows and characteristics was developed. Table 10.1 
summarizes the estimated flow and water quality data for the recycle stream from the 
dewatering process. It was assumed that two-phase digestion would be used. Two-phase 
digestion allows for higher volatile solids reduction and consequently converts more of the 
organic nitrogen in the solids into ammonia-nitrogen. Thus, in terms of recycle nitrogen 
load, two-phase digestion presents the worst-case condition. 

Table 10.1 Summary of the Dewatering Recycle Stream Characteristics 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Units Dilute Average Thick 
Digester Feed Condition     

Primary Sludge Concentration % 3.5 4.0 5.0 
TWAS Concentration % 3.0 3.5 5.0 

Belt Filter Press(1)     
Filtrate Flow mgd 0.61 0.52 0.37 
Washwater Flow mgd 0.66 0.57 0.42 
Recycle Flow mgd 1.27 1.09 0.79 

TSS mg/L 768 894 1,225 
NH4-N mg/L 580 667 884 
Amount of N Recycled lbs/day 6,125 6,049 5,853 

Centrifuge(2)     
Centrate Flow mgd 0.62 0.53 0.38 
TSS mg/L 784 915 1,265 
Ammonia as N mg/L 1,207 1,396 1,883 

Amount of N Recycled lbs/day 6,241 6,183 6,034 

Notes: 
(1) Recycle stream parameters when only belt filter presses are used for dewatering. 
(2) Recycle stream parameters when only centrifuge is used for dewatering.  

In Table 10.1, three conditions are presented: dilute, average, and thick. These conditions 
were derived based on different assumptions (see Table 10.1) for the feed solids content. 
Feed solids content directly impacts the digester performance and recycle characteristics 
entering the anaerobic digesters. 

The data show that using the belt presses creates much more recycle flow than centrifuges 
due to the addition of wash water. However, it must be noted that the nitrogen load remains 
approximately equal. Future projects to thicken primary sludge and WAS using gravity belt 
thickeners would reduce the recycle volumes below what is shown in the table. As 
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indicated, recycle solids and nitrogen loads would essentially remain constant. Table 10.2 
summarizes the estimated impact of the recycle flow from the dewatering process on the 
organic and nitrogen loads to the secondary process.  

Table 10.2 Summary of Impact of Recycle Stream on Wastewater Quality 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Units Concentration Load (Pounds per Day) 

Influent Characteristics    

Daily Average Flow mgd 52.2 - 

BOD  mg/L 250 108,850 

TSS mg/L 250 108,850 

TKN as N mg/L 35.5 15,455 

Ammonia as N mg/L 21 9,142 

Recycle Stream Characteristics(1)    

Daily Average Flow mgd 0.53 - 

BOD  mg/L 500 2,210 

TSS mg/L 915 4,045 

TKN as N(2) mg/L 1,396 6,170 

Notes: 
(1) Recycle stream parameters when only centrifuge is used for dewatering for average 

flow condition. For design purposes, this is considered the worst-case scenario. 
(2) The main component will be NH4-N, with organic-N is contributing only a small part to 

the Total Kjeldahl Nitrogen (TKN). 

As shown, the impact of the recycle flow from the dewatering process on Biochemical 
Oxygen Demand (BOD) and Total Suspended Solids (TSS) loads are nominal. However, 
the impact on the total nitrogen load from the recycle stream is significant. Based on the 
estimates provided, the recycle contributes approximately 40 percent of the total nitrogen 
that the RWQCP treats. The additional nitrogen load increases the oxygen demand in the 
aeration basins. The recycle also lowers the BOD:TKN ratio in the aeration basin influent, 
making denitrification more challenging. This is one of the contributing factors to why 
Plant 1 effluent has historically had a much higher NO3-N concentration than Plant 2, and 
also illustrates how an adjustable recycle flow split between the two plants can be used to 
optimize denitrification efficiency. 

10.4 RECYCLE STREAM HANDLING ALTERNATIVES 
The filtrate from the dewatering belt presses and centrate from centrifuges are currently 
combined with the filter backwash water. The combined flow is stored in backwash lagoons 
and is then pumped upstream of the primary clarifiers, which provides sufficient EQ to 
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handle diurnal flow peaks. Since dewatering is only operated during the first few days of the 
week, the nitrogen load in the recycle stream tends to vary according to the day of the 
week. Figure 10.1 shows how both ammonia-nitrogen (NH4-N) and TSS concentrations 
differ in the combined recycle stream according to the day of the week. On average, the 
NH4-N concentration peaks at 86 mg/L on Tuesday, while dropping to 20 mg/L on Saturday. 
Figure 10.2 demonstrates that the effect of this weekday variation causes a variation of 
effluent nitrate nitrogen (NO3-N) concentration. Plant 1 effluent NO3-N, which used to 
receive the full combined recycle flow, varies from an average of 16 mg/L on Sunday to 
24 mg/L on Wednesday. The result is that the combined effluent NO3-N (not including 
NH4-N) from Plants 1 and 2 exceed the TIN limit of 13 mg/L on average Wednesdays and 
Fridays, and is right at the limit on Thursdays. These findings agree with operator 
observations. If the recycle stream from the dewatering process were managed and treated 
separately, then the secondary treatment processes could be better controlled, resulting in 
reduced operational difficulties. 

The high ammonia concentration in the recycle stream impacts the nitrification and 
denitrification of the liquid-stream process. The additional ammonia added via the recycle 
stream leads to a carbon-limited condition; which in turn leads to a reduced denitrification 
capacity. Either additional liquid-stream treatment capacity or a separate recycle stream 
treatment process is necessary to mitigate these influences. 

Four alternatives, described in the following subsections, were considered for separate 
recycle stream treatment: 

1. Alternative 1:  
EQ of recycle flow. 

2. Alternative 2: 
Treatment of recycle flow using the SHARON process. 

3. Alternative 3: 
Treatment of recycle flow using a combination of the SHARON and ANAMMOX 
processes. 

4. Alternative 4: 
Treatment of recycle flow in the old Chlorine Contact Chamber (1958) using the 
CaRRB process. 
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FIGURE 10.1
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FIGURE 10.2

WEEKDAY VARIATION
IN EFFLUENT 
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10.4.1 Alternative 1 - 
Equalization of Recycle Flow 

This alternative considers EQ of the recycle stream (dewatering recycle only). Table 10.3 
summarizes the estimated recycle flows and the EQ basin design information. The basin is 
sized for 7-day EQ. Currently, dewatering is performed only 4 days a week, depending on 
process requirements. For the analysis, it was therefore assumed that the dewatering 
recycle would be produced only 4 days a week, while equalized flow would be recycled 
7 days a week. 

Table 10.3 Equalization Basin Design 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Value 

Recycle Flows  

Average Daily Recycle Flow(1) (A) 0.8 mgd 

Weekly Recycle Volume (B) 5.6 mil gal 

Dewatering Days Per Week (C) 4 days 

Recycle Produced on Dewatering Days (D) 1.4 mgd 

Centrate Returned on Dewatering Days (E) 3.2 mil gal 

Equalization Basin Requirements  

EQ Volume Required = C x (D – A) = B - E 2.4 mil gal 

SWD 24 feet 

Length 170 feet 

Width 130 feet 

Notes: 
(1) A conservative flow estimate was used to provide a margin of safety if continued use 

of belt filter presses is required. This is the constant rate at which recycle is ideally 
returned to the process. 

Plant staff intends to switch entirely to centrifuges for dewatering because of higher cake 
solids concentration and other benefits. The belt presses would remain as a standby 
dewatering capacity. A recycle flow of 0.8 mgd was selected for this alternative to enable 
treatment of recycles when part of the digested solids are dewatered using belt presses. 
Figure 10.3 shows the area that would be required for an EQ basin. The location has not 
been set aside for this unit for reasons that will become apparent later. 

As can be seen in Table 10.3, the volume required for 7-day EQ is significant. The 
EQ basin would also require aeration (to prevent odors from developing), mixing to prevent 
solids from accumulating, and effluent pumping. The odor potential of the recycle would  
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FIGURE 10.3
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depend on how well the anaerobic digesters were performing. For example, an overloaded 
digester might turn acid and would result in high concentrations of volatile fatty acids in the 
recycle, which would produce significant odors. Likewise, the recycle suspended solids 
concentration would depend on solids capture during dewatering. In other words, some 
variation in recycle quality is probably unavoidable and could potentially make operation of 
an EQ tank very challenging. 

The existing system, which allows for 24-hour EQ of filtrate (combined with filter backwash) 
would be adequate, if the sludge dewatering was operated 7 days a week, even if that 
would mean dewatering for only a couple of hours per day. From our discussions with City 
staff, it appears that this would be feasible. We recommend that the City proceed with a 
7-days-per-week dewatering operation. This would ensure more stable operation and 
achieve a lower average TIN concentration in the plant effluent. 

10.4.2 Alternative 2 - 
Single Reactor High-Activity Ammonia Removal Over Nitrite 

The SHARON system has been used for the treatment of sidestreams from the dewatering 
process to achieve high total overall nitrogen removal. Figure 10.4 shows a process 
schematic of the SHARON process. 

Conversion of ammonia to nitrate in wastewater treatment occurs as a two-step process, 
where ammonia is first oxidized to nitrite by Ammonia Oxidizing Bacteria (AOB). The nitrite 
is then oxidized to nitrate by Nitrite Oxidizing Bacteria (NOB). The two steps can be 
summarized by the two chemical reactions, excluding the production of biomass: 

2 NH4
+ + 3 O2 + 4 HCO3

-  2 NO2
- + 6 H2O + 4 CO2 (Nitritation) (1) 

2NO2
- + O2  2NO3

- (Nitratation) (2) 

SHARON is a high-rate process for the removal of total nitrogen operating with minimal 
Solids Retention Time (SRT). Due to differences in growth rates of the AOB and NOB at the 
process design temperature (30 degrees to 40 degrees Celsius, which conveniently 
coincides with the operating temperature for anaerobic digestion), a selection can be made 
wherein the NOB can be washed out of the system, while AOB are retained. In other words, 
the system is manipulated so that only the nitrite reaction (1) is allowed to take place.  

The digested sludge would be at the required temperature. Contact with air, however, 
allows cooling due to evaporation. In a dry climate, such as is typical in Southern California, 
evaporation rates are higher, leading to more cooling. Should the sludge be dewatered 
using the belt presses (worst-case scenario), cooling would start during dewatering. Cooling 
would also take place during equalization. Due to the high capacity of the dewatering 
equipment, 24-hour equalization would still be required, as mentioned in Section 10.4.1. 
Some of the recycle would remain in the EQ basin for close to 24 hours, which would allow 
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ample time for cooling. Hence, it would be necessary to reheat the recycle upstream of the 
SHARON process. It was assumed the recycle would cool to the same temperature as the 
influent flow. In reality, the recycle temperature would vary during the day and may, under 
certain conditions (low air temperature, humidity, and high wind speed), be much cooler 
than influent flow. The long retention time in the SHARON basin makes significant further 
cooling very likely. 

Figure 10.5 illustrates that a narrow range for SRT (and temperature) must be maintained 
for the SHARON process to work. Due to this narrow range, very precise process control is 
required for this alternative. The SHARON process can be designed so that SRT equals 
Hydraulic Residence Times (HRT) in a temperature ranging from 30 to 35 degrees Celsius, 
thereby eliminating the need for a clarifier. However, this means that it is not possible to 
control SRT and that SRT would fluctuate (as HRT does) with flow. It was therefore decided 
to include clarifiers in the analysis. Also illustrated in Figure 10.5, the temperature range at 
a given SRT, is equally narrow. This means that heating would need precise control. 
However, the inherent inertia in thermal systems would help stabilize variations in heat 
requirements. Using this mode of operation allows for a 25 percent reduction in oxygen 
demand, as indicated by comparing reaction (1) to the complete oxidation, reactions (1) and 
(2). This results in a similar reduction in the aeration energy required. Once the oxidation 
product (nitrite or nitrate) must be denitrified, there is also a difference, as can be seen in 
the associated chemical reactions, again excluding the effect of growth: 

3 C6H12O6 + 24 NO2
- + 6 CO2 → 24 HCO3

- + 6 H2O + 12 N2↑ (3) 

5 C6H12O6 + 24 NO3
- → 6 CO2 + 24 HCO3

- + 18 H2O + 12 N2↑ (4) 

As can be seen, there is a 40-percent reduction in the required BOD for denitrification. 

Our analysis indicated that the high NH4-N concentration would require an external dose of 
alkalinity to prevent pH from dropping to the point where nitrification is inhibited. It is 
assumed that lime would be the cheapest source of alkalinity. The nitrite in the SHARON 
effluent is recycled to the aeration basins where it is then denitrified in the anoxic zones. 
Unconverted nitrite remaining in the effluent from the anoxic zones would be oxidized to 
nitrate in the downstream aerobic zone. Additionally, mainstream reactor cost savings are 
achieved, since this process reduces the ammonia-nitrogen load. Our analysis indicates 
that the capacity of the existing facilities would increase by 10 percent (to 44 mgd) if this 
alternative is used to treat the recycle. In order to function properly, the SHARON process 
would require an equalized feed. Therefore, the facilities required for SHARON are in 
addition to those shown in Table 10.3. 

February 2008 10-12 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 04\Ch10.doc 



SHARON PROCESS
SELECTIVE WASHOUT 

OF AMMONIA OXIDIZERS

FIGURE 10.5

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

Washout of Ammonia Oxidizers

Temperature

1

0 10 20 30 40

2

3

4

5

M
in

im
u

m
 S

R
T

 (
d

a
ys

)

-NO  Oxidizers2

+NH  Oxidizers4

 

20-Riverside2-08Volume 4-F10.5-7472A00.cdr



Table 10.4 summarizes the design of the SHARON process for treating recycle at the 
RWQCP. 

Table 10.4 SHARON Process Design 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Value 

Average Daily Recycle Flow(1) 0.8 mgd 

MLSS 2,500 mg/L 

SRT 1.5 days 

Volume 465,800 gallons 

Tank Dimensions  

SWD 15 feet 

Length 91 feet 

Width 45.5 feet 

Process Requirement  

Oxygen Requirement 12,000 lbs/day 

Lime Requirement 9,665 lbs/day 

Heat Requirement (average) 5.1 MMBtu/hr 

Heat Requirement (maximum) 7.5 MMBtu/hr 

Projected Effluent Quality  

BOD 5 mg/L 

TSS (depending on clarifier performance) 10 mg/L 

NH3-N 50 mg/L 

NO2-N 806 mg/L 

NO3-N 40 mg/L 

Alkalinity 75 mg/L 

Notes: 
(1) A conservative flow estimate was used to provide a margin of safety if the City 

continues using belt filter presses. 

The heat requirement represents 29 percent of the digester gas under average conditions 
and 42 percent under conditions of maximum demand, assuming conventional digestion. 
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10.4.3 Alternative 3 - 
Anaerobic Ammonia Oxidation Combined with 
Single Reactor High-Activity Ammonia Removal Over Nitrite 

The ANAMMOX process is a relatively new biological process, wherein process conditions 
are created for a select group of microorganisms, the so-called ANAMMOX organisms, to 
oxidize ammonia using nitrite in place of oxygen. The ANAMMOX process can be 
represented by the following reaction, excluding growth: 

NH4
+ + NO2

-  N2 + 2 H2O (5) 

The ANAMMOX organisms are autotrophic and are known to grow at higher temperatures 
(30 to 35 degrees Celsius) and have a low-growth rate (doubling time of approximately 
10 days). Therefore, to cultivate a sizeable population of ANAMMOX organisms, an SRT of 
about 30 to 40 days, as a minimum, is required. As with the SHARON process, reheating of 
the recycle would be required. 

Since ANAMMOX organisms use nitrite instead of oxygen, a nitrite source is necessary. 
Bench scale tests have shown effluent from the SHARON process, which is rich in nitrite, to 
be a very effective source of nitrite for the ANAMMOX organisms. Figure 10.6 shows a 
possible arrangement that could be effectively used for nitrogen removal using the 
combined SHARON and ANAMMOX processes. In order to use SHARON effluent as a 
feed for ANAMMOX, the SHARON system is designed to convert only 50 percent of the 
incoming NH4-N to nitrite; the remainder is converted to molecular nitrogen in the 
ANAMMOX basin. Due to the lower conversion of ammonia to nitrite, our analysis indicates 
that there is no need for external alkalinity. Additionally, the air required for the SHARON 
process is reduced by 50 percent, compared to the full SHARON process. Process control 
requirements would be even greater than for a full SHARON process, as the reaction must 
be maintained at 50-percent conversion. 

Unlike the SHARON process, the combined SHARON-ANAMMOX process would achieve 
full nitrogen removal, i.e., little or no denitrification of nitrite would be required in the existing 
aeration basins. This would allow the available BOD to be used more effectively for 
denitrification of nitrate produced in the aeration basins. This means that the required 
denitrification can be achieved in a smaller anoxic zone, which would leave a larger aerobic 
fraction in the aeration basin. The larger aerobic fraction allows for nitrification of a larger 
nitrogen mass (lb/d), which in turn translates into increased basin capacity. The 
SHARON-ANAMMOX process results in: 

• A reduction of the required denitrification capacity in the anoxic zone. 

• A 3-mgd capacity increase in the aeration basin, compared to SHARON alone. 

• A 7-mgd capacity increase in the aeration basin, compared to no recycle treatment. 
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The design of the ANAMMOX process for treating recycle at the RWQCP is summarized in 
Table 10.5.  

Table 10.5 SHARON-ANAMMOX Process Design 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Value 
SHARON Process  

Average Daily Recycle Flow through SHARON 0.8 mgd 

MLSS 2,500 mg/L 

SRT 1.5 days 

Volume 232,900 gallons 

Tank Dimensions  

SWD 15 feet 

Length 65.0 feet 

Width 32.5 feet 

Process Requirement  

Oxygen Requirement 6,000 lbs/day 

Heat Requirement (average) 5.1 MMBtu/hr 

Heat Requirement (maximum) 7.5 MMBtu/hr 

Projected Effluent Quality  

BOD 6 mg/L 

TSS (depending on clarifier performance) 10 mg/L 

NH3-N 270 mg/L 

NO2-N 274 mg/L 

NO3-N 14 mg/L 

Alkalinity 195 mg/L 

ANAMMOX Process  

Average Daily Recycle Flow 0.8 mgd 

MLSS 2,500 mg/L 

SRT 37 days 

Volume 867,100 gallons 

Tank Dimensions  

SWD 15 feet 

Length 124 feet 

Width 62 feet 
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Table 10.5 SHARON-ANAMMOX Process Design 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Value 
Projected Effluent Quality  

BOD 6 mg/L 

TSS (depending on clarifier performance) 10 mg/L 

NH3-N 25 mg/L 

NO2-N 20 mg/L 

NO3-N 2 mg/L 

Alkalinity 195 mg/L 

The effect of the low growth rate of the ANAMMOX biomass is reflected in the large basin 
requirement and the high SRT. 

10.4.4 Alternative 4 - 
The Centrate and RAS Re-Aeration Basin Treatment Process 

Activated sludge treatment can be used to reduce side stream centrate ammonia loads 
back to the main aeration basins. Conventional activated sludge systems treating side 
stream ammonia loads require clarifiers in order to concentrate biomass for return to the 
head of the process for seeding. Because the nitrifier growth rate is relatively slow, long 
SRTs are often required when treating high strength ammonia side streams. 

Where RAS from a nitrifying system treating primary effluent is available, side stream 
clarifiers can be eliminated. Introducing RAS into an independent aeration basin prior to 
return to the main treatment plant is commonly termed sludge re-aeration. When RAS and 
centrate is combined in a separate basin, it is termed a CaRRB. 

Figure 10.7 compares the CaRRB process with the conventional (existing) process. As can 
be seen, the main differences are the presence of the CaRRB basin and that the centrate 
and part of the RAS are rerouted to the CaRRB basin. After treatment, the combined 
stream is routed to the main aeration basins. A RAS bypass of the CaRRB basin would 
allow maximum flexibility and control. 

The CaRRB system allows one to increase the SRT by inventorying active solids at RAS 
concentrations at the head of the aeration basins. This is similar to a step feed approach 
where solids vary from high concentrations at the head of the basin to lower concentrations 
at the end of the basin. 

Other benefits of the CaRRB process include accelerated nitrifier growth rate in the main 
activated sludge aeration basins associated with nitrifier seeding from a high ammonia 
environment. CaRRB basins also provide a high biomass buffer to assimilate changes in 
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ammonia load prior to reaching the main aeration basins. Other agencies operating this 
process have reported reduced oxygen demand associated with incomplete conversion 
from nitrite to nitrate possibly due to ammonia inhibition. Where CaRRB basins are 
configured to allow for anoxic zones at the end of the basin, denitrification of nitrified 
centrate can be achieved. Nitrification/denitrification of centrate prior to feed into the main 
aeration basins will improve the BOD/TKN ratio. 

Other agencies have successfully used centrate and RAS re-aeration for reduction of side 
stream ammonia loads from centrate. The Chino Basin Municipal Water District (now Inland 
Empire Water Reclamation District) has used this process successfully at their Carbon 
Canyon Wastewater Reclamation District. Successful treatment to low ammonia levels was 
achieved in a basin volume equivalent to 50 percent of the main aeration basins. However, 
they no longer use this procedure because their recycle streams are routed to another 
facility. 

Perhaps the most significant agency to use centrate and RAS re-aeration as part of their 
activated sludge system to reduce return flow ammonia loads is the New York City 
Department of Environmental Protection (NYCDEP). NYCDEP performed a decade-long 
research and pilot-scale testing program to evaluate processes for reducing ammonia loads 
from centrate side streams. Since NYCDEP operates several regional biosolids processing 
centers that take solids from several plants, ammonia loads from centrate are relatively 
high. After years of pilot-scale and full-scale testing, the NYCDEP is moving to convert each 
of their 14 wastewater treatment plants (treating up to 1.8 bgd) to a centrate and RAS 
re-aeration design. NYCDEP is currently operating the centrate and RAS re-aeration 
process full-scale at their 85-mgd, 26th Ward Wastewater Treatment Plant. 

The RWQCP is currently configured in a manner that allows CaRRB to be incorporated into 
the Plant 2 activated sludge process using the old Chlorine Contact Chamber (1958). 
Figure 10.8 shows a schematic of the CaRRB process and the Plant 2 activated sludge 
system. Table 10.6 shows the available volume in the old chlorine contact chamber. 

Table 10.6 CaRRB Process Design 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Value 
Average Daily Recycle Flow(1) 0.11 to 0.24 mgd 

MLSS 4,500 to 14,000 mg/L 
SRT 0.4 to 1.0 days 
HRT 1.3 to 3.7 hours 

Tank Dimensions  
SWD 8.0 feet 
Length 79 feet 
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Table 10.6 CaRRB Process Design 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Value 
Width 79 feet 
Channel Width 15.5 feet 
Volume 373,500 gallons 

Process Requirement  
Oxygen Requirement 6,200 to 9,500 lbs/day 

Projected System Performance, % of centrate NH4-N converted to(2) 
NH3-N 38 to 41 
NO2-N 6 to 20 
NO3-N 39 to 65 
Effluent pH 5.6 to 6.5 
Effluent Alkalinity, mg/L as CaCO3 10 to 120 

Notes: 
(1) Only part of the filtrate/centrate can be accommodated in the CaRRB/Plant 2 system. 
(2) Reporting CaRRB effluent concentrations can be misleading as the feed and effluent 

concentrations are affected by dilution with RAS. 

The CaRRB process is operated much like the current activated sludge process by 
maintaining required biomass concentrations under aeration with centrate as substrate 
feed. Similar to the existing activated sludge process a continuous return stream of biomass 
through RAS is required. The CaRRB process uses biomass captured and concentrated in 
the existing Plant 2 secondary clarifiers with the existing RAS pumps used to return a 
portion of the RAS back to the CaRRB basin. Factors that may limit the degree of centrate 
nitrification in the CaRRB process: 

• Alkalinity: 
Alkalinity is added by both the RAS and the centrate. Centrate generally contains a 
significant amount of alkalinity in the form of soluble ammonia, however, that alkalinity 
is used up in the nitrification reaction. When alkalinity is depleted, the pH in the 
aeration basin will drop and inhibit nitrification. Therefore, alkalinity is sometimes the 
limiting parameter that controls the degree of nitrification in CaRRB. Our modeling 
showed that the alkalinity available in the centrate and RAS mixed liquor is not the 
limiting factor. Supplemental alkalinity addition would not be required. 

• Kinetics: 
The conversion efficiency is limited by the available volume in the old chlorine contact 
chamber. 
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• Aeration Capacity: 
It is assumed that it would be possible to supply enough air to maintain a Dissolved 
Oxygen (DO) concentration of 2.0 mg/L in the CaRRB at all times. Depending on 
operational parameters (RAS feed rate and Mixed Liquor Suspended Solids (MLSS) 
concentration) and other factors (such as wastewater temperature) this may be 
difficult to achieve. 

• Plant 2 RAS Rate: 
As the Plant 2 RAS rate is increased, the RAS MLSS concentration will decrease. 
This will affect the MLSS concentration in the CaRRB. As with any activated sludge 
process, the reaction rate in CaRRB will be directly proportional to MLSS 
concentration. The Plant 2 RAS rate cannot be controlled by CaRRB requirements; it 
is determined by the requirements of the Plant 2 secondary clarifiers. 

• RAS Flow Split: 
The system can be operated with all of the RAS returned to CaRRB or some of the 
RAS split between CaRRB and the aeration basins. The amount of RAS returned to 
CaRRB is an operational decision based on balancing several parameters including: 
overall nitrification capacity, CaRRB hydraulic retention time, centrate dilution with 
adequate RAS flows to prevent ammonia toxicity, centrate dilution to minimize struvite 
formation, biomass seeding requirements, and process stability. In order to provide 
centrate ammonia dilution and avoid ammonia toxicity, a minimum RAS to centrate 
dilution ratio of 20 or 30:1 is recommended. Ammonia toxicity would lead to high 
nitrite concentrations in the CaRRB with some nitrite eventually appearing in the 
secondary effluent. As nitrite-nitrogen exerts a high chlorine demand 
(5 mg Cl2/mg NO2-N), this needs to be avoided. 

The biggest concern with CaRRB is that it appears to make denitrification more challenging 
in Plant 2. This is due to the fact that much of the nitrogen is returned to the aeration basins 
as nitrate, while the available BOD in the recycle stream has been consumed in the 
CaRRB. 

10.5 COMPARISON OF RECYCLE TREATMENT ALTERNATIVES 

10.5.1 Non-Economic Comparison 

Advantages and disadvantages for the three alternatives discussed in this chapter are 
shown in Table 10.7. 
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Table 10.7 Advantages and Disadvantages of Screening Alternatives 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Advantages Disadvantages 

Alternative 1 - Equalization 
• Reduces peak recycle nitrogen loads by 

equalizing the flows. 
• Provides better control of recycle and lower 

peak loads. 

• Additional storage space required. 
• Advantageous only if the dewatering is 

not carried out 7 days a week. 
• Odor from the EQ basin could be a 

nuisance.  
Alternative 2 - SHARON 
• Lower oxygen requirement. 
• Lower carbon requirement for 

denitrification. 
• Increases nitrification capacity. 
• Increases plant capacity. 

• Large basin required. 
• Precise process control required. 
• No known full-scale facilities in the 

United States. 
• Recycle reheating required. 

Alternative 3 - SHARON and ANAMMOX 
• Lower oxygen requirement than SHARON 

alone. 
• No carbon requirement for denitrification. 
• Increases TN removal capacity. 

• Low growth rates of ANAMMOX 
organisms. 

• Requires numerous basins. 
• Very precise process control required. 
• No known full-scale facilities. 
• Recycle reheating required. 

Alternative 4 - CaRRB 
• Reseeds main ABs with nitifiers. 
• Increases overall SRT and/or clarifier 

capacity. 
• Increases plant capacity. 

• Affected by RAS rate. 
• Only ~50% ammonia oxidation. 
• Affects Plant 2 denitrification potential. 
• Highest oxygen demand of alternatives. 

A comparison of the three different recycle stream treatment alternatives discussed in this 
chapter is shown in Table 10.8. The EQ Alternative does not provide a reduction in the 
nitrogen load going to secondary treatment; it only provides the operators with a better tool 
for managing recycle flow. However, the nitrogen load is reduced for all other alternatives. 

Table 10.8 Comparison of Recycle Treatment Alternatives 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Equalization SHARON ANAMMOX CaRRB

Constructability + – – 0 

Maintenance Requirements + – – 0 
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Table 10.8 Comparison of Recycle Treatment Alternatives 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Equalization SHARON ANAMMOX CaRRB

Aeration Energy Input + – – – 

Heat Input + – – + 

Operating Experience + –  –  0 

Process Complexity + 0 – 0 

Requirement for Precise Process Control + – – – 

Recovery From Upset + 0 – + 

Reduction in Nitrogen Load – 0 + 0 

Reliability + 0 –  + 

Capital Cost – 0 – 0 

O&M Cost(1) 0 + + 0 

Notes: 
(1) O&M costs refer to the overall cost of 

treatment, not just the cost of treating the 
recycle stream. 

Legend: 
+ = Positive comparative characteristic. 
– = Negative comparative characteristic. 
0 = Neutral comparative characteristic. 

10.5.2 Economic Evaluation 

As the precise process control requirements and significant reheating requirements make 
the SHARON and ANAMMOX Alternatives unfeasible, they were not included in the 
economic evaluation. 

A life-cycle cost analysis was performed for the remaining alternatives. The resulting costs 
were then compared to the costs of a new 1-mgd activated sludge system. Table 10.9 
displays a summary of the results found in the cost analysis performed. 

Table 10.9 Life-Cycle Cost of Recycle Treatment Alternatives 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 New Activated Sludge System (1 mgd) Equalization CaRRB 

Capital Cost $2,882,000 $2,877,000 $10,165,000

Annual O&M Cost $230,000 $110,800(1) $299,000

Life-Cycle Cost(2) $6,830,000 $4,780,000 $15,559,000

Notes: 
(1) Includes only cost for pumping, aeration, and mixing. 
(2) As present value, assuming a life-cycle period of 19 years, a discount rate of 

6 percent, and an escalation rate of 6 percent for the first 5 years and 4 percent 
thereafter. 
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As shown in Table 10.9, the capital costs for a new activated sludge system and an 
EQ basin are comparable and the life-cycle costs are similar. As mentioned, the need for 
EQ can be avoided by operating the dewatering system 7 days a week, a strategy the City 
plans to implement. Thus, the benefits achieved from the construction of a separate 
EQ basin and the associated operational complexities do not justify the expenditure. The 
CaRRB Alternative has a much higher capital cost than the equivalent activated sludge, 
even when allowing for the fact that it would increase the Plant 2 capacity by 2.0 mgd. 
Hence, converting the 1958 chlorine chamber to CaRRB is not recommended. 
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Chapter 11 

PLANT UTILITIES AND SUPPORT FACILITIES 

11.1 PURPOSE 
The purpose of this chapter is to identify existing plant utilities and support facilities at the 
Regional Water Quality Control Plant (RWQCP) and, if required, recommend new systems. 

11.2 CONCLUSIONS AND RECOMMENDATIONS 
• The existing potable water system can provide adequate pressure; therefore, no 

change is needed for the existing piping. New piping will be added as necessary as 
future expansions are completed. 

• Utility water is pumped from Pump Station No. 21 at Chlorine Contact Basin (CCB) 
No. 1. The utility water system, which includes the pump station and distribution 
piping, is not adequate. Post, Buckley, Schuh & Jernigan, Inc. (PBS&J) has designed 
an upgrade to the distribution piping and is currently designing a new pump station, 
which will be located in CCB No. 2. The new pump station will produce water that 
meets the Title 22 450 concentration and Contact Time (CT) requirement. In addition 
to the change that PBS&J is designing, upsizing and looping of the distribution piping 
in the vicinity of CCB No. 2 will be necessary to accommodate the new pump station 
location. 

• The natural gas system includes low-pressure and high-pressure lines. No change is 
needed for the existing natural gas system. New piping will be connected to the 
existing lines as necessary as future expansions are completed. 

• There is not a High-Pressure Air (HPA) piping system throughout the RWQCP. There 
are several small systems in individual process areas. New systems will be installed 
for new facilities as necessary as future expansions are completed. 

• The communication system includes a phone system, plant radio system, and public 
address system. The public address system is old and should be upgraded. 

• Based on Interim Voluntary Security Guidance for Wastewater/Stormwater Utilities, 
published by the Water Environment Federation, the site security level should be 
evaluated for access control, cyber security, monitoring for flammable/toxic 
substances, and backup power. 

• The existing storm drain system drains to a pump station and is pumped to the 
Plant 1 aeration basins. In the future, an option to pump upstream of primaries will be 
added. 

• A new maintenance building will be located south of the existing maintenance 
building. Additional parking space will be added east of the existing parking lot. 
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• New buildings in excess of 5,000 square feet will meet a minimum of the Leadership 
in Energy and Environmental Design (LEED) standard. 

• The flood protection levee may have to be raised. The total project cost will be 
approximately $52 million (August 2006 dollars). 

11.3 POTABLE WATER 
Figure 11.1 shows the piping layout for the major lines in the existing potable water system. 
Water is supplied by the City of Riverside (City) Public Utilities Department. City water 
enters the RWQCP from a 12-inch diameter pipe located in Acorn Street. Because the 
RWQCP potable water system is looped, it has adequate pressure. No changes are 
needed for the existing system. Future expansions will include new piping as necessary as 
future expansions are completed. 

11.4 UTILITY WATER 
The RWQCP utility water system layout is presented in Figure 11.2. 

Table 11.1 presents anticipated 2025 on-site utility water uses. Utility water is distributed 
from Pump Station No. 21 at CCB No.1, except for the water cannon uses. The water 
cannons supply utility water through a separate booster pump. Utility water is also pumped 
from Pump Station No. 21 for off-site recycled water uses. These uses are described in 
Volume 7 – Reclamation and Reuse, of the Integrated Master Plan. 

Table 11.1 Future On-Site Utility Water Demands 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

On-Site Utility Water Application Maximum Hour Usage(1) (gpm) 

Belt Filter Press Wash Water 350 

Pump Seal Water 75 

Alumer Dilution 5 

Chlorine Injectors 50 

Scum Sprays 50 

Wash Down Hydrants (1-inch)(2) 40 

Wash Down Hydrants (3-inch)(2) 100 

Water Cannon(2)(3) 2,000 

Power Plant(4) 560 
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Table 11.1 Future On-Site Utility Water Demands 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

On-Site Utility Water Application Maximum Hour Usage(1) (gpm) 

Miscellaneous(5) 200 

Future Gravity Belt Thickeners Wash Water 1,320 

TOTAL DEMAND 4,750 

Notes: 
(1) Data supplied by the City based on uses through 2025. 
(2) Intermittent demand. 
(3) Used for washdown of the tertiary influent equalization basins. 
(4) Constant demand for industrial process. 
(5) Includes on-site plant irrigation and general wash down water. 

The utility water system is not adequate. There are problems with leakage in the distribution 
system piping. In addition, some of the lines are abandoned because of inoperable or 
undocumented valves. In the Upgrade of Impure Water Piping System designed by PBS&J, 
new piping will be provided for higher reliability for on-site utility water uses. Also, the 
pumps in Pump Station No. 21 have passed their useful life, and the water that is pumped 
from the pump station does not meet the Title 22 450 CT requirements. PBS&J has 
designed an upgrade to the distribution piping and is currently designing a new pump 
station, which will be located in CCB No. 2. The new pump station will produce water that 
meets the Title 22 450 CT requirement. In addition to the change that PBS&J is designing, 
upsizing and looping of the distribution piping in the vicinity of CCB No. 2 will be necessary 
to accommodate the new pump station location. 

11.5 NATURAL GAS 
There is a high-pressure natural gas service for the cogeneration facility that enters the site 
on Acorn Street. There is another natural gas service for low-pressure uses. The meter for 
this service is at the west corner of the parking lot. The major pipes from the service 
entrances to the points of use are shown on Figure 11.3. On-site gas uses include: 

• Space heaters. 

• Water heaters. 

• Boilers. 

• Cogeneration facility. 

The existing system is adequate to supply gas for the existing RWQCP uses. New piping 
for future facilities will be connected to the existing system as necessary. 
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11.6 HIGH-PRESSURE AIR 
There is not a separate system to distribute HPA throughout the RWQCP. HPA systems 
are located in the following facilities for air tools and other uses: 

• Headworks. 

• Waste activated sludge thickening facility. 

• Belt press dewatering facility. 

• Tertiary filters. 

• Cogeneration facility. 

All of these systems are in good condition and provide adequate air for their intended 
purpose. New systems will be installed for new facilities as determined during preliminary 
design on a case-by-case basis. 

11.7 COMMUNICATION SYSTEM 
The existing communication system consists of the following: 

• Phone System: Plant phones, cell phones, and BlackBerry handheld devices. Plant 
phones provide both interplant uses and public uses. The cell phones use the Nextel 
network with direct paging and two-way walkie-talkie communication functions. The 
BlackBerry handheld devices provide wireless Internet access, and they are available 
to staff above the manager level. 

• Plant Radio System: Motorola Icom repeater system. The plant radio system is in use 
every day and is used for two-way communication for those who do not have Nextel 
cell phones or Blackberry devices. 

• Public Address (PA) System: The speaker system is activated from plant phone by 
dialing "75." Speakers are installed in the outside walkways and plant buildings, 
except for pump stations. The PA system is old and has a lot of background noise. At 
the project meeting on January 24, 2007, it was decided that the PA system would be 
upgraded. 

11.8 SITE SECURITY 
Many major natural events, such as storms, fires, and earthquakes, which can be partially 
planned for, have been considered in the planning and design of the RWQCP. Since the 
events of September 11, 2001, malevolent acts by terrorists are also a concern. 
Wastewater facilities are potential targets for malevolent acts of destruction and disruption 
from domestic and international terrorists. Purposeful contamination of wastewater, as well 
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as damage to treatment or conveyance systems, can lead to widespread and long-term 
environmental damage and severe public health impacts. The purpose of site security 
planning is to reduce the risks posed by malevolent threats. Based on Interim Voluntary 
Security Guidance for Wastewater/Stormwater Utilities published by the Water Environment 
Federation, the following security issues should be evaluated: 

• Access Control: Currently, vehicular access to the site is not limited by a gate with a 
card key or other type of access control. However, an identification badge is required 
to be worn by all RWQCP staff. In addition, all visitors are expected to check in at the 
Administration Building upon entering the site. Additional identification for both staff 
and visitors may require a vehicular access control gate, card readers, Personal 
Identification Numbers (PIN), and/or biometrics. Access alarms for gates and doors 
and camera monitoring may also be considered. The site should also be evaluated 
for its illumination at night. 

• Cyber Security: The reliance on the automated operation increases the vulnerability 
to cyber attack. Access to Supervisory Control and Data Acquisition (SCADA) needs 
to be evaluated for cyber security vulnerability assessment. 

• Continuous Sampling and/or Monitoring: Flammable substances, such as gasoline 
and toxic chemicals, can disrupt the collection system or debilitate the biological 
system. Continuous sampling for these substances is highly recommended. 

• Backup Power: Uninterruptible Power Supplies (UPSs) or some method of battery 
backup should be considered for emergency. 

11.9 STORM DRAIN 
Figure 11.4 shows the existing storm drain system. The stormwater is collected by a gravity 
system consisting of storm drains, open channels, and over-land flow. There are two main 
lines: a 24-inch pipe at the east and a 30-inch pipe at the center of the RWQCP. The 
24-inch pipe is connected to the storm drain distribution box by the previous trickling Filter 
Effluent (TFE) pipes. The stormwater collected in the 30-inch drain flows through a concrete 
drainage channel and then the water is pumped through submersible pumps to the storm 
drain distribution box, where all the stormwater flows to the Plant 1 aeration basins through 
the 54-inch TFE pipe. This collection system is adequate, and new piping would be added 
to the existing system as necessary as future expansions are completed. 

One improvement to the system would be to add an option to pump stormwater upstream of 
primaries. This will allow flows with large amounts of sediment from large storms to be 
captured in the primary clarifiers. It would also lessen the impact on the secondary 
treatment system.
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11.10 SUPPORT FACILITIES 
Figure 11.5 shows the locations of the existing and future RWQCP support facilities. A new 
maintenance building will be located south of the existing maintenance building. The new 
building will be 10,000 square feet. Additional parking space will be added east of the 
existing parking lot. 

The new maintenance building will be in accordance with the City-approved “Green 
Municipal Building Policy.” This policy requires that new City buildings, in excess of 
5,000 square feet, meet a minimum of the LEED standard. 

11.11 FLOOD PROTECTION LEVEE 
Based on a preliminary analysis by the City, the existing levee that protects the RWQCP 
from the river may have to be raised. The City’s analysis assumes the potential new height 
of the levee is 8 feet higher than existing. Before the City decides that it is necessary to 
raise the levee, a more detailed analysis and hydrology study will be completed to confirm 
that the levee needs to be raised. In the meantime, a master plan level estimate of the 
construction cost of raising the levee has been completed. The construction cost of the 
levee project is estimated to be $40 million, and the total project cost will be approximately 
$52 million (August 2006 dollars). The schedule of the project is discussed in Volume 4, 
Chapter 14 – Implementation Schedule and Cost.
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Chapter 12 

PRIMARY EFFLUENT EQUALIZATION 

12.1 PURPOSE 
The purpose of this chapter is to evaluate alternatives for primary effluent equalization. This 
includes a comparison of equalization basin liner, cover and cleaning alternatives, and 
development of a basin layout that will meet the peak flow storage requirement for the 
Regional Water Quality Control Plant (RWQCP) at an annual average daily flow of 
52.2 mgd. 

12.2 CONCLUSIONS AND RECOMMENDATIONS 
• Primary effluent equalization will be used to provide better control for downstream 

processes and a reduction in project costs for the Membrane Bioreactors (MBRs). In 
addition, the reduction in project costs for the MBR facility is more than the project 
cost of providing primary effluent equalization. 

• Two equalization basins with a total volume of 12.1 MG will be required based on the 
Riverside wet-weather diurnal curves. 

• Hypalon liners will be used for the basin liner material because of its lower cost 
compared to concrete and better durability than polypropylene. The total project cost 
for the equalization basins is estimated to be $10.4 million for the hypalon-lined 
basins. 

• Basin covers will not be used because of cost and cleaning issues. To minimize 
odors, the basins will need to be dewatered and cleaned daily. 

12.3 BACKGROUND 
The purpose of an equalization system is to balance upstream fluctuating flows and reduce 
the maximum flow requirement for the downstream facilities. As described in Volume 4, 
Chapter 7 – Secondary Treatment, a 32-mgd capacity MBR facility was chosen for the 
Plant 1 secondary expansion. If primary effluent equalization is used, the size of the MBR 
facilities will be reduced because a lower peak flow is applied to the membranes. This 
reduces MBR capital costs. Because primary effluent equalization can reduce MBR capital 
costs and provide better process control for downstream facilities, MBR costs are included 
in evaluation of alternatives with equalization and without equalization.  

12.4 PRIMARY EQUALIZATION ADVANTAGES/DISADVANTAGES  
The primary advantage of having primary effluent equalization is to achieve better process 
control for both secondary and tertiary treatment. However, because primary effluent 
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contains more organics and suspended solids, primary effluent equalization basins need 
more attention for basin cleaning than tertiary influent equalization basins. In addition, 
primary effluent equalization basins have a potential to produce odors. The Inland Empire 
Utilities Agency (IEUA) Regional Plant No. 1 (RP-1) facility is located directly adjacent to a 
residential and commercial area and operates primary effluent equalization basins. 
Historically, the RP-1 facility received numerous complaints related to the equalization 
basins. After improved management of the basins, which included adding aeration to the 
basins and daily emptying and water cannon wash down, the complaints have stopped.  

12.5 DESIGN CRITERIA 
The equalization basin will be sized to limit the peak wet-weather flow downstream of the 
primary clarifiers to approximately 78 mgd. This is equivalent to reducing the wet-weather 
peaking factor from 2.2 to approximately 1.5 during storm flow conditions. Under normal 
operating conditions, the peaking factor will be reduced to less than 1.5. The equalization 
basin is sized assuming it will be completely emptied and washed down every day. The 
sizing also includes a 20-percent safety factor to accommodate operational contingencies. 

12.6 EQUALIZATION VOLUME 
In Volume 4, Chapter 8 – Tertiary Treatment, tertiary influent equalization was discussed. 
The method to determine the equalization volume for tertiary influent, which is the 
accumulated volume above the wet-weather peak average daily flow, also applies for 
primary effluent. Because the RWQCP diurnal flow is not available, diurnal curves from the 
City of Riverside’s (City’s) Collection System Master Plan are used. During data collection 
for the Collection System Master Plan, two flow meters were located close to the RWQCP. 
The location of these meters (Meters 7 and 8) and their respective diurnal flow curves are 
shown on Figure 12.1. Because these curves are more representative of the RWQCP 
diurnal flows, they are used for the primary effluent equalization evaluation. 

To determine the average daily influent flow during a wet-weather peak day, the RWQCP 
influent flow data for the last 6 years was used as presented on Figure 12.2. The figure 
shows that the average daily flow for the highest peak day occurred in February 2005, at 
46.5 mgd. During the entire 6-year data timeframe, the average daily flow was 31.2 mgd. 
The ratio of the maximum average daily flow (46.5 mgd) to the overall average daily flow 
(31.2 mgd) is approximately 1.5. Applying the 1.5 ratio to the projected 2025 annual 
average daily flow of 52.2 mgd results in a peak wet-weather average daily flow of 
approximately 78 mgd. Figure 12.3 shows the simulated diurnal curves with an average 
daily flow of 78 mgd.  
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Assuming the equalization basins are emptied every day, the maximum required volume 
should be the accumulated volume above the daily average flow of 78 mgd and below the 
simulated diurnal curves during a wet-weather peak day. The required volumes are 
10.1 MG and 8.8 MG for the two curves, respectively. Using the larger required volume 
from the adopted curves and including a 20-percent safety factor as an operational 
contingency, the total designed equalization volume is 12.1 MG. 

To provide operational flexibility, two equalization basins would be provided as presented in 
Table 12.1. Ideally, the basins would be roughly the same size. However, due to existing 
piping constraints, one basin will be larger than the other.  

Table 12.1 Primary Effluent Equalization Basins 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Equalization Basin Side Slope Water Depth(1) Basin Volume 

EQ No. 1 2:1 18 feet 2.6 MG 

EQ No. 2 2:1 18 feet 9.5 MG 

Total Required Volume  10.1 MG 
Total Designed Volume(2)  12.1 MG 

Notes: 
(1) Dependent on geotechnical conditions. 
(2) Includes 20-percent operational safety factor. 

12.7 SITE LAYOUT 
A proposed layout for two equalization basins is shown on Figure 12.4. Demolition of the 
abandoned Plant 1 secondary clarifiers and the abandoned chlorine contact basins is 
required to provide space for the basins. The dimensions of the basins should be 
determined during the preliminary design based on a geotechnical investigation. For this 
Integrated Master Plan, assuming the groundwater level is the same as the area of the 
existing tertiary equalization basins, and referring to the hydraulic conditions detailed in 
Volume 4, Chapter 13 – Proposed Expansion Plan and Site Layout, the depth for the 
equalization basins is limited to 18 feet.  

12.8 BASIN LINERS 
The primary effluent equalization basins will be lined to prevent seepage into the 
surrounding soil and groundwater. Basin liners can be soil cement, synthetic 
geomembrane, or concrete. Because soil cement lacks the ability to be high-pressure 
washed and has a short useful life, it is not evaluated. Among the different types of 
geomembrane liners, hypalon and polypropylene are considered best for this application. 
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Hypalon lasts longer and costs more than polypropylene. Concrete and shotcrete are more 
costly, but last longer than geomembranes. For the construction of basin walls, shotcrete is 
much easier to apply than concrete; therefore, shotcrete walls are much cheaper than 
concrete walls. Table 12.2 lists a comparison of basin liner alternatives. 

Table 12.2 Comparison of Basin Liner Alternatives 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Hypalon Polypropylene Concrete Shotcrete SWCB(1)

Ability to Support Concrete 
Cover 

– – + + + 

Ability to Drive On – – + + + 

UV Protection 0 0 + + + 

Life Expectancy 30 years 20 years 50 years 50 years 50 years

Direct Cost(2) $220 K $160 K $1,200 K $780 K $1,000 K

Equivalent Uniform Annual 
Cost(3) 

$16 K $14 K $77 K $ 49 K $65 K 

Ratings: 
+ = Positive comparative characteristic. 
– = Negative comparative characteristic. 
0 = Neutral comparative characteristic. 
Notes: 
(1) Shotcrete walls with concrete bottom. 
(2) Includes material and installation costs; does not include excavation or demolition. 
(3) Based on a discount rate of 6 percent per year. 

12.9 BASIN COVERS 
As previously stated, primary effluent equalization basins have the potential to produce 
odors. One method to control odors is to cover the equalization basins. If they were 
covered, either a concrete or floating cover would be used. A concrete cover would have to 
be supported by concrete columns and concrete basins. A floating cover is supported by 
the water and does not need extra support. Figure 12.5 shows a schematic and a 
photograph of a floating basin cover installation. Floating basin covers are typically made of 
geomembrane materials, such as hypalon or polypropylene. Hypalon is a more durable 
material and costs more than polypropylene. 

February 2008 12-8 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 04\Ch12.doc 



FLOATING BASIN COVER

FIGURE 12.5

ACCESS HATCH
SUMP FLOATSSUMP CROSS

SECTION DETAIL

STORM WATER

DRAINAGE SUMP

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

2
0

-R
iv

e
rs

id
e

2
-0

8
V

o
lu

m
e

 4
-F

1
2

.5
-7

4
7

2
A

0
0

.c
d

r



Table 12.3 presents a non-economic comparison of cover and non-cover alternatives. 

Table 12.3 Non-Economic Comparison of Equalization Basin Cover  
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 No Cover Concrete Cover Floating Cover

Surface Aeration Required – + + 

Odor Scrubbing Required + – + 

Concrete Basin Required for Cover Support + – + 

Water Cannon Compatibility for Cleaning + – – 

Ratings: 
+ = Positive comparative characteristic. 
– = Negative comparative characteristic. 
0 = Neutral comparative characteristic. 

Table 12.4 presents a cost comparison of the basin cover alternatives. On an equivalent 
uniform annual cost basis, floating covers are much more cost effective than concrete 
covers. 

Table 12.4 Comparison of Basin Cover Alternatives 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Concrete(1)  Hypalon Polypropylene 

Unit Cost(2) $23/sf $5/sf $4/sf 

Life Expectancy 50 years 30 years 20 years 

Direct Cost(2) $2,840,000 $650,000 $520,000 

Equivalent Uniform Annual Cost(3) $180,000 $47,000 $45,000 

Notes: 
(1) Concrete cover costs do not include odor-scrubbing costs. 
(2) Includes material and installation costs. 
(3) Based on a discount rate of 6 percent per year. 

12.10 BASIN CLEANING AND ODOR CONTROL  

12.10.1 Basin Cleaning 

Based on the experience at the IEUA RP-1 facility, sediment from the primary effluent is 
expected to accumulate at a rate of about 1/4 inch per day. Because of this, the basins 
must be cleaned frequently. Similar to the existing tertiary influent equalization basins, 
water cannons can be used to clean the basin bottom daily if the basin has no cover. If a 
basin is covered, an alternate cleaning method is required. Robot cleaners, as shown on 
Figure 12.6, with camera and remote control can be an option. 
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These robot cleaners can go under water, brush the basin bottom, and suck out the 
sediment. The disadvantages of the robot cleaners are that they have not been used in 
wastewater treatment applications and more operator attention is required. The comparison 
of the two cleaning alternatives is presented in Table 12.5. 

Table 12.5 Comparison of Basin Cleaning Alternatives 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Water Cannon Robot Cleaner 

Compatibility with Basin Cover –(1) + 

Recycled Water Requirement – + 

Out-of-Service Requirement – + 

Equipment Reliability + – 

Operator Attention Requirement + –(2) 

Ratings: 
+ = Positive comparative characteristic. 
– = Negative comparative characteristic. 
0 = Neutral comparative characteristic. 
Notes: 
(1) Cover must be removed to use water cannon. 
(2) Would require continuous operator attention (8 hours/day). 

12.10.2 Odor Control 

Based on the IEUA RP-1 facility, for uncovered primary effluent equalization basins, surface 
aeration and daily cleaning is recommended. If the basins need to be covered, either a 
concrete cover or a floating cover should be considered. If a concrete cover is used, the 
foul air under the cover should be scrubbed before release to the atmosphere. The floating 
cover alternative does not require foul air treatment because the cover is in contact with the 
water surface.  

12.11 COST COMPARISON OF EQUALIZATION BASINS 
Because hypalon and polypropylene have similar properties and costs, and hypalon 
provides a better warranty, hypalon is used to represent the low-cost cover/liner alternative 
material. Similarly, because concrete and shotcrete have similar properties, but different 
costs, concrete is used as the liner/cover material to represent the high-cost alterative 
material. If other alternatives are considered, their costs will be between the hypalon and 
concrete costs. 

Table 12.6 presents a cost comparison of the primary effluent equalization basin 
alternatives.  
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Table 12.6 Total Project Cost of Primary Effluent Equalization Basins 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Liner Hypalon Concrete Hypalon Concrete Concrete 
Cover None(1) None(1) Hypalon Hypalon Concrete(2) 

Capital Cost(3) $8,000,000 $10,500,000 $9,800,000 $12,300,000 $44,200,000
Total Project Cost $10,400,000 $13,600,000 $12,800,000 $15,900,000 $57,500,000
Annual O&M Cost(4) $119,000 $119,000 $196,000 $196,000 $320,000
Equivalent Uniform 
Annual Cost(5) 

$780,000 $980,000 $1,040,000 $1,230,000 $3,970,000

Notes: 
(1) Non-cover alternative includes surface aerator and water cannon costs. 
(2) Concrete cover alternative includes biofilter costs. 
(3) Includes demolition, excavation, and secondary pump station construction costs. 
(4) Includes basin cleaning and odor control costs. 
(5) Based on a discount rate of 6 percent per year. 

12.12 LIFE-CYCLE COST ANALYSIS 
Because primary effluent equalization basins can reduce MBR capital costs, the total 
life-cycle costs for alternate MBR facilities, with and without primary effluent equalization, 
are compared in Table 12.7.  

Table 12.7 Life-Cycle Cost for Equalization and MBR 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 
Without 

Equalization 
Hypalon Basin 

w/o Cover 
Concrete Basin 

w/o Cover 
MBR Project Cost(1) $132,300,000 $116,500,000 $116,500,000 
MBR Annual O&M Cost $1,620,000 $1,620,000 $1,620,000 
MBR Replacement Cost (2) $6,600,000 $5,800,000 $5,800,000 
MBR Life-Cycle Cost(3) $172,200,000 $154,900,000 $154,900,000 
Equalization Project Cost $0 $10,400,000 $13,600,000 
Equalization Annual O&M Cost  $0 $119,000 $119,000 
Equalization Life-Cycle Cost(3) $0 $12,500,000 $15,600,000 
Total Life-Cycle Cost(3) $172,200,000 $167,400,000 $170,500,000 
Notes: 
(1) Includes Plant 1 aeration basin modifications, MBR tank modifications, fine screens, 

MBR equipment and installation, blowers retrofit, and sludge pumping upgrade (see 
Volume 4, Chapter 7 – Secondary Treatment for details). 

(2) Membranes need to be replaced every 7 years. 
(3) At present value, assuming a life-cycle period of 19 years, a discount rate of 6 percent, 

and an escalation rate of 6 percent for the first 5 years and 4 percent thereafter. 
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As presented in Table 12.7, the reduction in project costs for the MBR facility with 
equalization is more than the project costs of providing primary effluent equalization for both 
non-cover alternatives. 

12.13 SUMMARY 
At the project meeting on February 21, 2007, the alternative and cost information for the 
various basin liner, cover, and cleaning alternatives were discussed. To help improve 
downstream process control and reduce the cost of the MBR secondary expansion, the City 
has decided to install primary effluent equalization basins. Because the City intends to 
operate the basins to minimize odor control by adding aeration and daily emptying and 
cleaning, covers will not be installed on those basins. In order to minimize life-cycle costs, 
the basin liner material will be hypalon. The total project cost of hypalon-lined basins is 
estimated to be $10.4 million. 
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Chapter 13 

PROPOSED EXPANSION PLAN AND SITE LAYOUT 

13.1 PURPOSE 
This chapter summarizes the proposed expansion plan and site layout for the Regional 
Water Quality Control Plant (RWQCP) liquid handling facilities to treat a flow of 52.2 mgd in 
2025 on an annual average basis. The purpose of this chapter is to present the proposed 
site layout, flow schematic, and hydraulic profile for the liquid handling facilities. The 
expansion plan and layout for solids treatment facilities are discussed in detail in 
Volume 8 – Solids Treatment and Handling. 

13.2 CONCLUSIONS AND RECOMMENDATIONS 
• Based on the evaluations performed in Chapters 1 to 12 of this volume, a revised 

RWQCP site layout and flow schematic have been developed for expansion to 
52.2 mgd on an annual average basis.  

• In addition to a site layout and flow schematic, the hydraulic profile is updated with 
the new flow distribution, including the addition of the new structures and the new 
piping.  

13.3 BACKGROUND 
Since July 2006, several project meetings have been held to discuss process alternatives 
for the wastewater treatment system for the 52.2-mgd expansion. Based on the decisions at 
the meetings, the selected expansion for the RWQCP liquid processes is summarized as 
follows: 

• Preliminary Treatment: A new 15-mgd annual average flow headworks facility will be 
built. 

• Primary Treatment: Four circular primaries to treat 32 mgd on an annual average 
basis will be built to replace the Plant 1 primary clarifiers and expand primary 
capacity. Both the Plant 1 and Plant 2 primaries will be covered and a biofilter will be 
used for odor control.  

• Primary Effluent Equalization: Two primary effluent equalization basins with a total 
volume of 12.1 MG will be built.  

• Secondary Treatment: A 32-mgd Membrane Bioreactor (MBR) facility will be installed 
in two phases. The first phase will expand the Plant 1 secondary treatment facilities 
from 20 to 26 mgd. The second phase will expand the secondary facilities from 26 to 
32 mgd. 
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• Tertiary Treatment: Because high-quality filtrate from MBRs does not require tertiary 
filtration and the existing filters have adequate capacity for the Plant 2 secondary 
effluent, new tertiary facilities are not required. 

• Disinfection: A new Chlorine Contact Basin (CCB) of 8 mgd on annual average basis 
will be built. 

• Plant Utilities and Support Facilities: The Public Address (PA) system will be 
replaced. A new maintenance building and parking lot expansion will be installed. In 
addition, the flood protection levee may have to be raised. 

13.4 SITE LAYOUT 
Based on the evaluations performed in Chapters 1 to 12 of this volume, a revised RWQCP 
site layout and flow schematic have been developed for expansion to 52.2 mgd, on an 
annual average basis. Figure 13.1 shows the proposed layout of the new liquid stream, 
solids, odor control, and support facilities.  

The new Plant 1 primaries and primary sludge pumping and thickening facilities will be 
located in the area of the abandoned Plant 1 sludge beds and the demolished trickling 
filters. Primary effluent equalization basins will be installed where the abandoned Plant 1 
secondary clarifiers and the abandoned chlorine contactor are located. The new headworks 
facility will be at the location of the existing Plant 1B primaries. A biofilter for the Plant 1 and 
Plant 2 primaries and the new headworks will be located at the site of existing Plant 1A 
primaries. MBR modules will be installed in the retrofitted Plant 1 secondary clarifiers. An 
additional basin will be added to the Plant 1 aeration basins. A new CCB will be located on 
the west side of CCB3. Solids treatment facilities, including sludge thickening facilities and 
an acid-phase digester, are described in Volume 8 - Solids Treatment and Handling. 

New pipes and connections will be needed for the new facilities. Figure 13.2 shows the 
approximate locations of the major piping for the liquid stream processes. A primary influent 
splitter box for the new Plant 1 primaries will be needed. Distribution boxes will be needed 
to divert primary effluent to the primary effluent equalization basins for both Plant 1 and 
Plant 2. Primary effluent equalization pumps will be used to pump the equalized stream to 
either Plant 1 or Plant 2 during off-peak hours. Fine screens will be installed upstream of 
the Plant 1 aeration basins for the MBR. A new pipe will be provided between the aeration 
basins and the MBR units that will be located in the retrofitted Plant 1 secondary clarifiers. 
The new pipe will be installed to accommodate the increased Return Activated Sludge 
(RAS) flow that the MBR facility requires.  

 

February 2008 13-2 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 04\Ch13.doc 



PROPOSED LAYOUT FOR
NEW FACILITIES

FIGURE 13.1

44

PROPOSED LAYOUT FOR
NEW FACILITIES

FIGURE 13.1

44

A
corn S

treet

PROPOSED LAYOUT FOR
NEW FACILITIES

FIGURE 13.1

44

A
corn S

treet

New Headworks 

Key

Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

1

2

3

4

5

6

7

8

9

10

11

12

13

PROPOSED LAYOUT FOR
NEW FACILITIES

FIGURE 13.1

44

A
corn S

treet

New Headworks 

Key

Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

1

2

3

4

5

6

7

8

9

10

11

12

13

33

33

99

1313
1212

55

55

88

66

77

33

33

11

22

2
0

-R
iv

e
rs

id
e

2
-0

8
V

o
lu

m
e

 4
-F

1
3

.1
-7

4
7

2
A

0
0

.c
d

r

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

PROPOSED LAYOUT FOR
NEW FACILITIES

FIGURE 13.1

44

A
corn S

treet

New Headworks 

Key

Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

1

2

3

4

5

6

7

8

9

10

11

12

13

33

33

99

1313
1212

55

55

88

66

77

33

33

11

22

2
0

-R
iv

e
rs

id
e

2
-0

8
V

o
lu

m
e

 4
-F

1
3

.1
-7

4
7

2
A

0
0

.c
d

r

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

1111

PROPOSED LAYOUT FOR
NEW FACILITIES

FIGURE 13.1

44

A
corn S

treet

New Headworks 

Key

Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

1

2

3

4

5

6

7

8

9

10

11

12

13

33

33

99

1313
1212

55

55

88

66

77

33

33

11

22

2
0

-R
iv

e
rs

id
e

2
-0

8
V

o
lu

m
e

 4
-F

1
3

.1
-7

4
7

2
A

0
0

.c
d

r

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

1111

1010



PROPOSED LAYOUT FOR
NEW LIQUID STREAM PIPING

FIGURE 13.2

44

PROPOSED LAYOUT FOR
NEW LIQUID STREAM PIPING

FIGURE 13.2

44

A
corn S

treet

PROPOSED LAYOUT FOR
NEW LIQUID STREAM PIPING

FIGURE 13.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion
Plant 1 Primary Influent Splitter Box
Primary Equalization Diversion Box
Primary Equalization Pump Station
Fine Screens
MBR Equipment

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

New Pipes

Connection Box

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

PROPOSED LAYOUT FOR
NEW LIQUID STREAM PIPING

FIGURE 13.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion
Plant 1 Primary Influent Splitter Box
Primary Equalization Diversion Box
Primary Equalization Pump Station
Fine Screens
MBR Equipment

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

New Pipes

Connection Box

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

33

33

99

1313
1212

55

55

88

66

77

33

33

11

1414

1616

1818

1717

1515

1515

22

PROPOSED LAYOUT FOR
NEW LIQUID STREAM PIPING

FIGURE 13.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion
Plant 1 Primary Influent Splitter Box
Primary Equalization Diversion Box
Primary Equalization Pump Station
Fine Screens
MBR Equipment

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

New Pipes

Connection Box

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

33

33

99

1313
1212

55

55

88

66

77

33

33

11

1414

1616

1818

1717

1515

1515

22

PROPOSED LAYOUT FOR
NEW LIQUID STREAM PIPING

FIGURE 13.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion
Plant 1 Primary Influent Splitter Box
Primary Equalization Diversion Box
Primary Equalization Pump Station
Fine Screens
MBR Equipment

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

New Pipes

Connection Box

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

33

33

99

1313
1212

55

55

88

66

77

33

33

11

1414

1616

1818

1717

1515

1515

22

PROPOSED LAYOUT FOR
NEW LIQUID STREAM PIPING

FIGURE 13.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion
Plant 1 Primary Influent Splitter Box
Primary Equalization Diversion Box
Primary Equalization Pump Station
Fine Screens
MBR Equipment

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

New Pipes

Connection Box

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

33

33

99

1313
1212

55

55

88

66

77

33

33

11

1414

1616

1818

1717

1515

1515

22

PROPOSED LAYOUT FOR
NEW LIQUID STREAM PIPING

FIGURE 13.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion
Plant 1 Primary Influent Splitter Box
Primary Equalization Diversion Box
Primary Equalization Pump Station
Fine Screens
MBR Equipment

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

New Pipes

Connection Box

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

33

33

99

1313
1212

55

55

88

66

77

33

33

11

1414

1616

1818

1717

1515

1515

22

PROPOSED LAYOUT FOR
NEW LIQUID STREAM PIPING

FIGURE 13.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion
Plant 1 Primary Influent Splitter Box
Primary Equalization Diversion Box
Primary Equalization Pump Station
Fine Screens
MBR Equipment

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

New Pipes

Connection Box

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

33

33

99

1313
1212

55

55

88

66

77

33

33

11

1414

1616

1818

1717

1515

1515

22

PROPOSED LAYOUT FOR
NEW LIQUID STREAM PIPING

FIGURE 13.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion
Plant 1 Primary Influent Splitter Box
Primary Equalization Diversion Box
Primary Equalization Pump Station
Fine Screens
MBR Equipment

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

New Pipes

Connection Box

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

33

33

99

1313
1212

55

55

88

66

77

33

33

11

1414

1616

1818

1717

1515

1515

22

PROPOSED LAYOUT FOR
NEW LIQUID STREAM PIPING

FIGURE 13.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion
Plant 1 Primary Influent Splitter Box
Primary Equalization Diversion Box
Primary Equalization Pump Station
Fine Screens
MBR Equipment

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

New Pipes

Connection Box

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

33

33

99

1313
1212

55

55

88

66

77

33

33

11

1414

1616

1818

1717

1515

1515

22

PROPOSED LAYOUT FOR
NEW LIQUID STREAM PIPING

FIGURE 13.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion
Plant 1 Primary Influent Splitter Box
Primary Equalization Diversion Box
Primary Equalization Pump Station
Fine Screens
MBR Equipment

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

New Pipes

Connection Box

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

33

33

99

1313
1212

55

55

88

66

77

33

33

11

1414

1616

1818

1717

1515

1515

22

PROPOSED LAYOUT FOR
NEW LIQUID STREAM PIPING

FIGURE 13.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion
Plant 1 Primary Influent Splitter Box
Primary Equalization Diversion Box
Primary Equalization Pump Station
Fine Screens
MBR Equipment

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

New Pipes

Connection Box

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

33

33

99

1313
1212

55

55

88

66

77

33

33

11

1414

1616

1818

1717

1515

1515

22

PROPOSED LAYOUT FOR
NEW LIQUID STREAM PIPING

FIGURE 13.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion
Plant 1 Primary Influent Splitter Box
Primary Equalization Diversion Box
Primary Equalization Pump Station
Fine Screens
MBR Equipment

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

New Pipes

Connection Box

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

33

33

99

1313
1212

55

55

88

66

77

33

33

11

1414

1616

1818

1717

1515

1515

22

PROPOSED LAYOUT FOR
NEW LIQUID STREAM PIPING

FIGURE 13.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion
Plant 1 Primary Influent Splitter Box
Primary Equalization Diversion Box
Primary Equalization Pump Station
Fine Screens
MBR Equipment

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

New Pipes

Connection Box

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

33

33

99

1313
1212

55

55

88

66

77

33

33

11

1414

1616

1818

1717

1515

1515

22

1010

2
0

-R
iv

e
rs

id
e

2
-0

8
V

o
lu

m
e

 4
-F

1
3

.2
-7

4
7

2
A

0
0

.c
d

r

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

PROPOSED LAYOUT FOR
NEW LIQUID STREAM PIPING

FIGURE 13.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Modifications

Plant 1 MBR
New Chlorine Contact Basin

New Secondary Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion
Plant 1 Primary Influent Splitter Box
Primary Equalization Diversion Box
Primary Equalization Pump Station
Fine Screens
MBR Equipment

Liquid Stream Treatment Facilities

Solids and Air Treatment Facilities

Support Facilities

Existing Pipes

New Pipes

Connection Box

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

33

33

99

1313
1212

55

55

88

66

77

33

33

11

1414

1616

1818

1717

1515

1515

22

1010

2
0

-R
iv

e
rs

id
e

2
-0

8
V

o
lu

m
e

 4
-F

1
3

.2
-7

4
7

2
A

0
0

.c
d

r

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

1111



13.5 FLOW DISTRIBUTION  
Besides changes to the structures and piping, flow distribution to the plant is also modified. 
Figure 13.3 shows the updated RWQCP flow schematic. It includes the new flow 
distributions to the different structures at the hourly peak influent flow condition.  

Plant 1 and Plant 2 will have design capacities of 32.2 mgd and 20 mgd, respectively. The 
total design plant flow is 52.2 mgd on an average daily basis. Using a wet weather peaking 
factor of 2.2, the peak wet weather flow will be 114.8 mgd. In addition, there is 5.3 mgd of 
recycle stream flow that the plant will need to treat, which makes the total treatment flow 
approximately 120 mgd. 

All unit processes upstream of the primary equalization basins, except the headworks, will 
treat the total 120 mgd, while the flow downstream of primary equalization is based on a 
peaking factor of 1.5, which limits the flow to approximately 80 mgd.  

Since Plant 1 secondary treatment will be converted to an MBR operation, there will not be 
a requirement for tertiary filtration for the Plant 1 secondary effluent. With a maximum 
treatment capacity of 27.8 mgd, Tertiary Filters 1 through 10 can treat the majority of the 
Plant 2 secondary effluent. During peak flow, the remaining Plant 2 secondary effluent, 
approximately 3.4 mgd, can be treated by Tertiary Filters 11 through 16.  

As shown in Figure 13.3, CCB1 and CCB2 will receive the flow from Filters 1 through 10 
only, while CCB3 and the new CCB will receive the flows from the Plant 1 MBR effluent and 
part of the Plant 2 effluent from Filters 11 through 16. 

13.6 HYDRAULICS  

13.6.1 Hydraulic Profile 

Figure 13.4 presents a hydraulic profile for the proposed facilities.  

13.6.2 Changes to the Existing Structures 

The hydraulic calculations show that a few modifications to the existing structures are 
required in order to make the hydraulics feasible. These include the following: 

• Add a 24-inch flow control valve at the existing headworks. 

• Increase the size of the Plant 1 aeration basin influent channel openings. 

• Lower the Plant 1 aeration basin effluent weir.
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HYDRAULIC PROFILE
OF RWQCP

(WITH NEW FACILITIES)

FIGURE 13.4 (SHEET 1)
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HYDRAULIC PROFILE
OF RWQCP

(WITH NEW FACILITIES)

FIGURE 13.4 (SHEET 2)
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HYDRAULIC PROFILE
OF RWQCP

(WITH NEW FACILITIES)

FIGURE 13.4 (SHEET 3)
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• Increase the size of the Plant 1 secondary clarifier influent channel openings 
(clarifiers will be converted to house the membranes for the MBR process). 

• Upsize the pipe that is connecting the Plant 2 aeration basin splitter box to the Plant 2 
Secondary Clarifiers 5 and 6 from 42 inches to 52 or 54 inches. 

Because addition of the MBR will reduce the flow to the tertiary filters, changes will not be 
required to the pipe that is currently connecting Junction Box 13A and Box 14. These 
changes would be required if conventional activated sludge and tertiary filtration were 
selected instead of the MBR. 
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Chapter 14 

IMPLEMENTATION SCHEDULE AND COST 

14.1 PURPOSE 
The purpose of this chapter is to present schedules and costs for the selected liquid stream 
process projects for the City of Riverside (City) of the Regional Water Quality Control Plant 
(RWQCP) Integrated Master Plan. The selected projects are derived from the analyses 
performed and presented in Chapters 1 through 13 of this volume of the Master Plan. This 
chapter is closely tied to Volume 8, Chapter 8 - Implementation Schedule and Cost for the 
solids stream projects. 

14.2 CONCLUSIONS AND RECOMMENDATIONS 
• The Plant 1 Primary Expansion, the Plant 1 Membrane Bioreactor (MBR) Facilities, 

and Acid-Phase Digester additions will be combined into one project.  

• Based on the schedules for the low-growth scenario presented in this chapter, the 
combined project of Plant 1 Primary Expansion, MBR Facilities, and Acid-Phase 
Digester additions should start in the summer of 2008. 

• The total project cost is $228 million for the liquid- and solid-stream projects 
described in this chapter, based on an Engineering News-Record (ENR) value of 
8,570 (Los Angeles, August 2006). The mid-point of construction costs, adjusted by 
the schedule and phasing, are presented in Volume 10 - CIP and Overall 
Implementation Schedule. 

14.3 BACKGROUND 
In Volume 2, Chapter 3 - Population and Flow Projections, the projected average daily flow 
for the RWQCP is 49.4 mgd. This is based on increasing the flow at the same rate as the 
projected population growth, which is 1.09 percent for the City. Because population and 
flow projections may be different from actual values, a 90-percent confidence interval is 
applied to the data. This results in a high-growth scenario at 1.50 percent and low-growth 
scenario at 0.75 percent. Figure 14.1 shows the projected annual average influent flows for 
the RWQCP, along with projections using the high- and low-growth scenarios. At the 
beginning of the Integrated Master Plan process, the City decided that the high-growth 
scenario should be used as the design basis for all process alternative evaluations 
(August 2006). However, after the process alternative evaluations were completed 
(August 2007), it was determined that the slow down in the housing market would cause 
wastewater flows into the RWQCP to increase at a slower rate than was originally 
projected. Because of this slow down, the City decided that the low-growth scenario should 
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be used for establishing the Capital Improvement Plan (CIP). Based on the existing 
capacity and future flow requirements, implementation schedules for both high- and 
low-growth scenarios are developed for the liquid-process projects listed below: 

• A new 15-mgd headworks facility (annual average basis). 

• Plant 1 Primary Expansion: Four circular primaries to treat 32 mgd on an annual 
average basis, two primary effluent equalization basins of a total volume of 12.1 MG, 
primary equalization pump station, primary sludge pump station, primary sludge 
thickening facilities (gravity belt thickeners), and a biofilter for odor scrubbing. 

• A two-phase 32-mgd MBR facility (annual average basis). The first phase will expand 
the Plant 1 secondary treatment facilities from 20 to 26 mgd. The second phase will 
expand the secondary facilities from 26 to 32 mgd. 

• A new Chlorine Contact Basin (CCB) of 8 mgd on an annual average basis. 

14.4 COST AND SCHEDULE CRITERIA 
The implementation schedule for each project consists of a planning/design period and a 
construction/start-up period. A 2-year duration for the planning and design period is used 
for each project to include a conservative schedule at the master plan level. The 
construction and start-up period ranges from 1.5 to 4 years based on a general guideline of 
a contractor being able to perform approximately $2 million/month worth of construction. 
When final implementation projects are established, adjustments should be made to this 
schedule guideline based on experience, looking at factors such as project sequencing and 
equipment procurement times. For some of the projects, it may be possible to shorten the 
planning/design and construction/start-up schedules. However, for the Master Plan, the 
schedules will be presented based on the criteria described above. 

The costs for these projects are based on the information presented in the previous 
chapters for Volume 4 - Water Treatment System. They are based on costs in August 2006 
dollars. These costs will be adjusted to their midpoint of construction before placement in 
the CIP, which is presented in Volume 10 - CIP and Overall Implementation Schedule. 

14.5 LIQUID STREAM TREATMENT FACILITIES SCHEDULE 
Figure 14.2 shows the proposed layout of the new facilities including the solids treatment 
facilities proposed in Volume 8 - Solids Treatment and Handling. The schedules for the 
liquid stream treatment facilities are discussed as follows: 

14.5.1 New Headworks 

As described in Volume 4, Chapter 5 - Preliminary Treatment, the existing headworks 
facility is designed for a peak flow of 100 mgd. Based on a wet weather peaking factor of  

February 2008 14-3 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 04\Ch14.doc 



PROPOSED LAYOUT FOR
NEW FACILITIES

FIGURE 14.2

44

PROPOSED LAYOUT FOR
NEW FACILITIES

FIGURE 14.2

44

A
corn S

treet

PROPOSED LAYOUT FOR
NEW FACILITIES

FIGURE 14.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Additions

Plant 1 Membrane Bioreactor
New Chlorine Contact Basin

New Waste Activated Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion

Liquid Stream Treatment Facilities

Solids and Odor Control Facilities

Support Facilities

Existing Pipes

1

2

3

4

5

6

7

8

9

10

11

12

13

PROPOSED LAYOUT FOR
NEW FACILITIES

FIGURE 14.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Additions

Plant 1 Membrane Bioreactor
New Chlorine Contact Basin

New Waste Activated Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion

Liquid Stream Treatment Facilities

Solids and Odor Control Facilities

Support Facilities

Existing Pipes

1

2

3

4

5

6

7

8

9

10

11

12

13

33

33

99

1313
1212

55

55

88

66

77

33

33

11

22

PROPOSED LAYOUT FOR
NEW FACILITIES

FIGURE 14.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Additions

Plant 1 Membrane Bioreactor
New Chlorine Contact Basin

New Waste Activated Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion

Liquid Stream Treatment Facilities

Solids and Odor Control Facilities

Support Facilities

Existing Pipes

1

2

3

4

5

6

7

8

9

10

11

12

13

33

33

99

1313
1212

55

55

88

66

77

33

33

11

22

1111

PROPOSED LAYOUT FOR
NEW FACILITIES

FIGURE 14.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Additions

Plant 1 Membrane Bioreactor
New Chlorine Contact Basin

New Waste Activated Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion

Liquid Stream Treatment Facilities

Solids and Odor Control Facilities

Support Facilities

Existing Pipes

1

2

3

4

5

6

7

8

9

10

11

12

13

33

33

99

1313
1212

55

55

88

66

77

33

33

11

22

1111

1010

2
0

-R
iv

e
rs

id
e

2
-0

8
V

o
lu

m
e

 4
-F

1
4

.2
-7

4
7

2
A

0
0

.c
d

r

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

1515

1414

PROPOSED LAYOUT FOR
NEW FACILITIES

FIGURE 14.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Additions

Plant 1 Membrane Bioreactor
New Chlorine Contact Basin

New Waste Activated Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion

Liquid Stream Treatment Facilities

Solids and Odor Control Facilities

Support Facilities

Existing Pipes

1

2

3

4

5

6

7

8

9

10

11

12

13

33

33

99

1313
1212

55

55

88

66

77

33

33

11

22

1111

1010

2
0

-R
iv

e
rs

id
e

2
-0

8
V

o
lu

m
e

 4
-F

1
4

.2
-7

4
7

2
A

0
0

.c
d

r

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

1515

1414

PROPOSED LAYOUT FOR
NEW FACILITIES

FIGURE 14.2

44

A
corn S

treet

New Headworks 

Key Legend

Biofilters

Plant 1 New Primary Clarifiers

Primary Sludge Pump Station

Primary Effluent Equalization Basins

Plant 1 Aeration/Anoxic Basins Additions

Plant 1 Membrane Bioreactor
New Chlorine Contact Basin

New Waste Activated Sludge Thickeners
Primary Sludge Thickeners

Acid Phase Digester

New Maintenance Building

Parking Lot Expansion

Liquid Stream Treatment Facilities

Solids and Odor Control Facilities

Support Facilities

Existing Pipes

1

2

3

4

5

6

7

8

9

10

11

12

13

33

33

99

1313
1212

55

55

88

66

77

33

33

11

22

1111

1010

2
0

-R
iv

e
rs

id
e

2
-0

8
V

o
lu

m
e

 4
-F

1
4

.2
-7

4
7

2
A

0
0

.c
d

r

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

1515

1414

Fine Screens
MBR Equipment

14

15



2.2, the headworks capacity is 45 mgd on an annual average basis. Figure 14.3 shows the 
proposed schedule of the new headworks facility. The duration of the construction and 
start-up period is 1.5 years, and the duration of the planning and design period is 2 years. 
The project needs to start at the beginning of 2019 to be completed by the summer of 2022 
for the low-growth scenario, assuming the existing headworks capacity is 45 mgd as 
originally designed. 

As presented in Volume 4, Chapter 5 - Preliminary Treatment, the limitation of the existing 
headworks is the grit basins, which may be re-rated to 37 mgd on an annual average basis. 
Figure 14.3 also shows the schedule for the new headworks project if the grit basin capacity 
is 37 mgd. The project should have started in 2006 for the low-growth scenario, assuming 
the limitations of the grit basins. Because the limited removal efficiency of the grit basins will 
not cause overflows, the new headworks can be delayed so that completion is in 2022, as 
described in the previous paragraph, if the City is willing to accept the increased 
mechanical wear and tear from the grit that goes through the headworks. 

14.5.2 Plant 1 Primary Expansion 

The existing capacity of the Plant 1 and Plant 2 primaries is 40 mgd. The Plant 1 Primary 
Expansion project includes primary clarifiers, a primary sludge pump station, primary sludge 
thickening facilities, primary equalization basins, a primary equalization pump station, and 
biofilters. These facilities are discussed in detail in Volume 4, Chapter 6 - Primary 
Treatment, Volume 4, Chapter 12 - Primary Effluent Equalization, and Volume 8, Chapter 4 
- Solids Production and Thickening Options. Biofilter and primary sludge thickening facilities 
are also included in the Plant 1 Primary Expansion project, because they are needed at the 
same time as the other primary facilities. Figure 14.4 shows the schedule of the Plant 1 
Primary Expansion. The duration of the construction and start-up period is 2.5 years, and 
the duration of the planning and design period is 2 years. The Plant 1 Primary Expansion 
project needs to start at the beginning of 2009 to be completed by the summer of 2013 for 
the low-growth scenario. 

14.5.3 Plant 1 MBR Facilities 

The existing capacity of the Plant 1 and Plant 2 secondary treatment is 40 mgd. As 
described in Volume 4, Chapter 7 - Secondary Treatment, the MBR project will be a 
two-phase project. The first phase includes installation of the following:  

1. MBR modules of 26 mgd in the Plant 1 secondary clarifiers. 

2. A 32-mgd fine screen facility. 

3. Additional aeration basin channel. 

4. Retrofit of the aeration basins and secondary clarifiers. 
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FIGURE 14.3
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FIGURE 14.4
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5. Upsizing the blowers. 

6. Upsizing the Waste Activated Sludge (WAS) pumps. 

The second phase includes installation of membrane modules of 6 mgd, to bring the Plant 1 
capacity to 32 mgd, and the RWQCP capacity to 52 mgd. Figure 14.5 shows the schedule 
of the MBR project. The duration of the construction and start-up period is 2.5 years, and 
1.5 years, for the first- and second-phase, respectively, and the duration of the planning 
and design period is 2 years. The first-phase Plant 1 MBR Facilities project needs to start at 
the beginning of 2009 to meet the 2013 completion schedule for the low-growth scenario. 
The second-phase MBR Equipment project will start at the beginning of 2020 and to be 
completed in the summer of 2023 for the low-growth scenario. 

14.5.4 New Chlorine Contact Basin 

As described in Volume 4, Chapter 9 - Disinfection, a new 8-mgd CCB will be needed. 
Figure 14.6 shows the schedule for the CCB project. This project would need to begin in the 
summer of 2016 assuming the low-growth scenario, based on a construction and start-up 
period of 1.5 years and a planning and design period of 2 years.  

14.5.5 New Maintenance Building and Flood Protection Levee 

As described in Volume 4, Chapter 11 - Plant Utilities and Support Facilities, a new 
maintenance building, which meets a minimum of the Leadership in Energy and 
Environmental Design (LEED) standard, will be needed. Based on the simplicity of the 
project, the planning, design and construction can be shortened to 1.5 years. The project 
would start in the summer of 2014 to be completed by the end of 2015. 

As described in Volume 4, Chapter 11 - Plant Utilities and Support Facilities, the flood 
protection levee may have to be raised. If the hydrology study and analysis confirms that 
the levee needs to be raised, this project would need to begin in the summer of 2012 to be 
completed in the summer of 2015, based on a construction and start-up period of 1.5 years 
and a planning and design period of 1.5 years. 

14.5.6 Combined Project 

Figure 14.7 and Figure 14.8 show the schedule for all of the projects on one graph for the 
high- and low-growth scenarios, respectively. The schedules for the separate projects are 
the same as described previously in Figures 14.3 through 14.6 in this chapter and in 
Figures 8.4 and 8.5 in Volume 8, Chapter 8 - Implementation Schedule and Cost. 

As Figure 14.7 and Figure 14.8 show, the Plant 1 Primary Expansion, Plant 1 MBR 
Facilities, and Acid-Phase Digester projects (discussed in Volume 8, Chapter 8 - 
Implementation Schedule and Cost) all need to start and finish at about the same time. An 
option to three separate projects is to combine the three projects into one project.  
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NEW CHLORINE CONTACT
BASIN SCHEDULE

FIGURE 14.6
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FIGURE 14.7

PROJECT SCHEDULE OVERVIEW
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FIGURE 14.8

PROJECT SCHEDULE OVERVIEW
FOR LOW-GROWTH SCENARIO
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There are advantages and disadvantages of doing separate projects versus a combined 
project. Table 14.1 shows a comparison of separate and combined projects. 

Table 14.1 Comparison of Separate and Combined Projects 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Separate Projects  Combined Projects 
Schedule + 0 
Bidding Market Competitors + – 
Construction Cost – + 
Management and Legal Cost – + 
Construction Coordination – + 
Ratings: 
+ = Positive comparative characteristic. 
– = Negative comparative characteristic. 
0 = Neutral comparative characteristic. 

A comparison of schedules for separate projects versus a combined project is contrasted in 
the highlighted upper and lower portions of Figures 14.9 and 14.10. Figure 14.9 shows the 
comparison for the high-growth scenario, and Figure 14.10 shows the comparison for the 
low-growth scenario. In the upper portion of Figures 14.9 and Figure 14.10, the project 
schedules for the separate projects are the same as described previously in Figure 14.7 
and Figure 14.8, respectively. In the lower portion of Figures 14.9 and 14.10 for the 
combined project, the duration of the construction and start-up period is 4 years, and the 
duration of the planning and design period is 2 years. On this basis, the combined project 
should have started in 2007, based on the low-growth scenario. However, this is a 
conservative schedule for the Master Plan, which may be shortened, as will be described 
below. 

Based on Figure 14.10, a combined project would require a longer construction duration 
than separated projects. However, the additional time for this combined project may be 
minimized since there are three distinct projects, in separate areas of the RWQCP, being 
combined into one project. At the same time, there is a limit to the extent that the combined 
project schedule can be shortened. At some point, the contractor will charge a premium to 
further shorten the construction period. For example, the City may have to pay a premium 
to reduce the schedule of the combined project so that it equals the schedule of the three 
separate projects. If we assume that the combined project can be designed and 
constructed in 5 years (24 months of planning/design and 36 months of 
construction/start-up), then the project should start in the summer of 2008. 

A combined project would be easier and less expensive for the City to design, coordinate, 
and manage. The construction cost is potentially lower, depending on the schedule, 
because the contractor can apply economies of scale to the work.  
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SEPARATE AND COMBINED
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FIGURE 14.10
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One of the drawbacks to a combined project is the potential to limit the number of bidders. 
The combined project bid is likely to be in the $200 million range. In that price range, there 
are only a few contractors that have the capability to complete the work. On three recent 
Southern California projects in that price range, one received three bids and the others 
received two bids each. The concern is that the limited number of bids may increase the 
cost. 

14.6 IMPLEMENTATION COST 
Costs for the projects have been presented in the previous chapters in this volume and in 
Volume 8 - Solids Treatment and Handling. The total project costs of these projects are 
summarized in Table 14.2, based on an ENR value of 8,570 (Los Angeles, August 2006).  

Table 14.2 Total Project Cost for Proposed Expansion 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Separate Projects 
Project 
Cost(1) Combined Projects 

Project 
Cost(1)

Plant 1 Primary Expansion 
Primary Clarifiers 
Primary Sludge Pump Station 
Primary Sludge Thickening Facility(2)

Primary Effluent Equalization Basins
Biofilters 

$64 M 

MBR Facility $108 M

Acid-Phase Digester(2) $13 M 

Primary, MBR, and Digester 
Primary Clarifiers 
Primary Sludge Pump Station 
Primary Sludge Thickening 
Facility(2) 
Primary Effluent Equalization 
Basins 
Biofilters 
MBR Facility 
Acid-Phase Digester(2) 

$185 M

New Chlorine Contact Basin $4 M New Chlorine Contact Basin $4 M 

New Headworks $10 M New Headworks $10 M 

Additional MBR Equipment $12 M Additional MBR Equipment $12 M 

WAS Thickening Facility(2) $17 M WAS Thickening Facility(2) $17 M 

Total Cost $228 M Total Cost $228 M

Notes: 
(1) As present value (ENR value of 8,570 for Los Angeles in August 2006). 
(2) Details discussed in Volume 8 – Solids Treatment and Handling. 

The left side of the table shows the project costs for the projects completed as separate 
projects. The right side shows the project costs for the Primary, MBR, and Digester projects 
as one combined project. The combined project cost for the Primary, MBR, and Digester 
projects is $185 million. This cost is the sum of the included separate projects. As described 
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previously, the cost of the combined project would likely be lower than the separate 
projects. However, at the master plan level, this reduction is difficult to determine and is 
subject to several factors, including schedule, which will be refined during detailed planning 
and design. 

Costs are in August 2006 dollars. Final project costs will be determined based on schedule 
and phasing, which will increase the costs so that they represent the mid-point of 
construction values. These costs are presented in Volume 10, Chapter 1 - Capital Costs 
and Implementation Schedule. The total project cost for the liquid- and solid-stream projects 
described in this chapter is $228 million in August 2006 dollars. 

Based on the discussion at the project meeting on March 21, 2007, it was decided that a 
combined project, consisting of the Plant 1 Primary Expansion, the MBR Facilities, and the 
Acid-Phase Digester, would be completed, instead of completing the projects separately. 
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Chapter 1 

REVIEW OF THE 2005 ODOR CONTROL MASTER PLAN 

1.1 PURPOSE 

The purpose of this chapter is to summarize the 2005 Odor Control Master Plan (2005 
Report), completed for the City of Riverside (City) Regional Water Quality Control Plant 
(RWQCP); present its major conclusions and recommendations; and determine whether it 
is sufficient for air quality planning purposes. The 2005 Report is included in Appendix A for 
reference. 

1.2 CONCLUSIONS AND RECOMMENDATIONS 
A review of the 2005 Report is summarized as follows: 

• The 2005 Report provides the RWQCP staff with adequate guidance for addressing 
odor issues. Therefore, the report is generally sufficient for odor control planning at 
the RWQCP. 

• Odor emission and dispersion modeling would enhance the 2005 Report but appears 
unnecessary at this point because odor complaints are practically nonexistent, 
extensive residential and commercial encroachment is not expected in the near 
future, and significant increases in the amounts of emitted odors are not foreseen in 
the near future. 

• Although the 2005 Report is generally sufficient for odor control planning purposes, it 
is not sufficient for general air quality planning purposes. The report focuses on odor 
and does not discuss other regulated air pollutants emitted from the RWQCP. 
Furthermore, the 2005 Report does not include a regulatory section detailing current 
and proposed air quality regulations. Volume 5, Chapter 2 - Review of Applicable 
Regulatory Requirements, presents existing and proposed sources of regulated air 
pollutants and provides a review of applicable regulatory requirements. 

1.3 INTRODUCTION TO THE 2005 REPORT 
The 2005 Report was triggered by the RWQCP initiative to minimize offsite odor nuisances, 
given the rapid development in the land surrounding the RWQCP and the elevated profile of 
the RWQCP in the community. 

The stated purpose of the 2005 Report was to identify possible solutions to odor problems 
from sources throughout the RWQCP with an emphasis on the existing and proposed future 
upgrades to the primary clarifiers and solids handling facilities. 
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1.4 2005 REPORT CONTENT SUMMARY 
The 2005 Report consists of an executive summary, seven chapters, and an appendix. 
Brief summaries of the seven chapters and the appendix are as follows: 

• Chapter 1 - Introduction. Chapter 1 introduces the purpose the 2005 Report. It 
provides descriptions and schematics of existing (as of 2005) treatment processes 
including: liquid stream treatment, solids treatment, and miscellaneous processes. 
Additionally, Chapter 1 discusses the presence or absence of odor control facilities 
for the various treatment processes. 

• Chapter 2 - Data Collection and Analysis. Chapter 2 discusses collection and 
analysis of hydrogen sulfide and odor data for the RWQCP. Specifically, it 
summarizes historical liquid- and gas-phase data, presents the findings of interviews 
with RWQCP operators, and presents observations from site visits. Based on the 
collected data, Chapter 2 identifies the processes with the highest potential for odor 
generation. 

• Chapter 3 - Typical Odor Control Strategies. Chapter 3 describes odor control 
technologies and strategies that are typically used at wastewater treatment facilities. 
The chapter groups the technologies and strategies in the following five categories: 
chemical addition, operational procedures, foul air collection and treatment, process 
changes, and enhanced atmospheric dispersion. The chapter includes tables that 
summarize the advantages and disadvantages of various liquid- and gas-phase odor 
control options. 

• Chapter 4 - Odor Control Strategies for the RWQCP. Chapter 4 identifies and 
discusses the odor control technologies and strategies that can be effective in 
controlling odors from the sources identified in Chapter 2. Specifically, Chapter 4 
discusses and recommends odor control alternatives for each of the following 
facilities: headworks, existing and new primary clarifiers, existing and future solids 
processing facilities, Dissolved Air Flotation Tanks (DAFTs), existing and future 
Dewatering Facility, and existing and future Truck Loading Facility. The discussion 
includes preliminary design criteria for the recommended alternatives. Finally, 
Chapter 4 identifies odor dispersion modeling as an important tool in selecting and 
optimizing odor control approaches. 

• Chapter 5 - Permitting. Chapter 5 identifies the potential implications of odor control 
facility modification or construction on the air permitting process. Also, the chapter 
mentions the possibility of the South Coast Air Quality Management District 
(SCAQMD) imposing specific odor concentration goals at the RWQCP fenceline. 

• Chapter 6 - Preliminary Cost Estimates. Chapter 6 presents preliminary cost 
estimates for odor control options recommended for existing facilities. The chapter 
does not provide cost estimates for odor control strategies and equipment related to 
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future facilities. Section 1.6 below presents updates to the 2005 Report cost 
estimates. 

• Chapter 7 - Conclusions and Recommendations. Chapter 7 summarizes the 
conclusions and recommendations of the 2005 Report, which are presented below. 

• Appendix A - Liquid- and Gas-Phase Odor and Corrosion Control Technologies. 
The appendix is divided into two parts. The first part discusses liquid-phase odor 
control technologies that involve the addition of chemicals to reduce volatilization of 
odorants by reducing their liquid-phase concentration. Various chemicals are 
discussed in detail and their advantages and disadvantages are summarized in a 
table. The second part of the appendix discusses gas-phase odor control 
technologies, including treatment methods and atmospheric dispersion methods. 

1.5 CONCLUSIONS AND RECOMMENDATIONS OF THE 2005 
REPORT 

The 2005 Report presents conclusions and recommendation both in Chapter 7 and the 
Executive Summary. Conclusions and recommendations are as follows: 

1.5.1 2005 Report Conclusions 
1. Strong odors are emitted from several RWQCP locations, particularly the influent 

monitoring stations, primary clarifiers, and dewatering facility. 

2. The strong odors at the influent monitoring stations are due to high dissolved sulfide 
concentrations in the influent wastewater. 

3. Presence of strong odors near the headworks biofilter indicates that the biofilter may 
not be operating as designed. 

4. Discontinuation of air drying at the site has significantly reduced odor complaints from 
neighboring areas. 

5. Thickening of combined primary sludge at the Plant 2 Primary Clarifiers may be 
responsible for sludge septicity, high sulfide concentrations, and generation of 
significant odors from the primary clarifiers. 

6. The lower RWQCP elevation compared to the surrounding area and its proximity to 
the river makes odor control difficult. 

1.5.2 Recommendations of the 2005 Report 

The report recommended the following odor control improvements at the RWQCP facilities: 

1.5.2.1 General Improvements 
1. Conduct periodic hydrogen sulfide and odor monitoring within the facility and in the 

surrounding area. 
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2. Increase atmospheric dispersion south of the solids processing facility by providing 
more vegetation and/or constructing an air dispersion fence. 

3. Conduct air dispersion modeling to determine the odor impacts of open-air sources 
such as primary clarifiers and DAFTs. 

1.5.2.2 Influent Monitoring Stations 
1. Add iron salts 15 to 30 minutes upstream to control hydrogen sulfide emissions from 

the influent monitoring stations, primary clarifiers, and digesters. 

2. If chemical addition is not sufficient in controlling odors, cover exposed treatment 
processes, vent the headspace, and treat the foul air. 

1.5.2.3 Headworks Biofilter 
1. Determine whether the headworks biofilter is plugged or channeling is occurring. 

2. Replace the biofilter media every 5 years. 

1.5.2.4 Plant 2 Primary Clarifiers 
1. Re-evaluate the practice of re-settling and thickening primary sludge from Plant 1 in 

the Plant 2 Primary Clarifiers. 

2. Evaluate the effectiveness of upstream chemical addition in reducing odors by 
conducting periodic hydrogen sulfide and odor surveys near the clarifiers. 

3. If chemical addition is insufficient in reducing odors, cover the exposed clarifiers with 
flat or dome covers and vent the foul air to an odor control system. 

1.5.2.5 Dewatering Facility 
1. Proceed with the plan to replace the open belt filter presses with enclosed centrifuges 

to limit odor emissions. 

2. Collect foul air from the following equipment: centrate line, centrifuge cake box, 
centrate tanks, and centrifuge casing. 

3. Provide covers or hoods for belt conveyors and provide foul air collection at various 
locations along the length of the conveyors. 

1.5.2.6 Truck Loadout Facility 

Proceed with the planned odor control measures for the new Truck Loadout Facility, 
specifically: 

1. Provide continuous foul air withdrawal from the truck loading facility at a rate of 12 to 
30 Air Changes per Hour (ACH). 

2. Provide direct air withdrawal from covered process equipment emitting odors. 

February 2008 1-4 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 05\Ch01.doc 



 

3. Install magnetic interlocks and post signs to prohibit simultaneous entrance and exit 
of trucks to the enclosed truck loading area. 

4. Ensure that truck operators are covering the truck bins before exiting the facility. 

1.6 UPDATES TO THE 2005 REPORT COST ESTIMATES 
This section normalizes the capital and annual cost estimates presented in the 2005 Report 
(based on December 2004 dollars) using the Engineering News-Record (ENR) Los Angeles 
Construction Costs Index (LACCI) of 8570 for August 2006. Table 1.1 presents the updated 
capital and annual cost estimates. 

Table 1.1 Updates to the 2005 Report Cost Estimates for Odor Control 
Improvement Options 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Purpose Options Capital Cost Annual Cost 

Ambient H2S Monitoring One Jerome Model 631 
H2S Analyzer 

$10,000 to 
$16,000(1) - 

Ambient Odor 
Monitoring 

Two Nasal Ranger® Field 
Olfactometers 

$3,100 to 
$4,200(1) - 

Wastewater 
Characterization - Up to $52,000(2) - 

Odor Emission and 
Dispersion Modeling - $55,000 to 

$80,000(3) - 

Nitrate Addition $229,000 $161,000 Upstream Chemical 
Addition Iron Addition 104,000 $73,000 

Odor Control at Plant 2 
Primary Clarifiers In-Ground Biofilters(4) $16,700,000(4) - 

Odor Control at the 
Truck Loadout Facility - - - 

Notes: 
(1) Exact cost depends on the accessories desired. 
(2) Exact cost depends on number of: sampling sites, sampling frequency, and analytes. 
(3) Carollo estimate; exact cost depends on the extent of required sampling and the 

complexity of the model. 
(4) See Volume 4, Chapter 6 - Primary Treatment for details. 
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Appendix A 
CITY OF RIVERSIDE ODOR CONTROL MASTER PLAN FOR 

THE REGIONAL WATER QUALITY CONTROL PLANT 
(BROWN AND CALDWELL, MARCH 2005) 
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Chapter 2 

REVIEW OF APPLICABLE REGULATORY REQUIREMENTS 

2.1 PURPOSE 

The purpose of this chapter is to review applicable regulatory requirements and describe 
how they can influence air quality planning for the City of Riverside (City) Regional Water 
Quality Control Plant (RWQCP). The following procedure was followed in determining 
applicable regulatory requirements: 

• Identification of existing and future air emission sources and air emission control 
facilities. 

• Identification of emitted pollutants and quantification of emissions. 

• Identification of applicable regulatory requirements. 

• Determination of the methods to achieve compliance. 

2.2 EXISTING AIR EMISSION SOURCES AND AIR EMISSION 
CONTROL FACILITIES 

A list of the existing air emission sources and air emission control facilities is as follows: 

• Wastewater treatment and solids handling facilities. Complete descriptions of existing 
wastewater treatment facilities can be found in Volume 4, Chapter 1 - Existing 
Facilities. Complete descriptions of existing solids facilities can be found in Volume 8, 
Chapter 1 - Existing Facilities. 

• The in-ground Headworks Biofilter. The biofilter media consists of bark, soil, compost, 
sand, scoria, and lime. The biofilter treats foul air from the Headworks channels, 
screw conveyors, and bin room. 

• A carbon adsorber for digester gas, containing at least 400 lbs of granular activated 
carbon. 

• A digester/natural gas compression, blending, and treatment system, consisting of: 
gas compressors; gas dryers; a gas mixer; a gas surge tank; and a blended gas 
storage tank. 

• A standby 24 million BTU per hour (MMBTU/hr) digester/natural gas-fired flare, with a 
maximum allowable gas-burning rate of 667 cubic feet per minute. 

• Three cogeneration systems (Cogeneration Systems Nos. 1 through 3), each 
consisting of a digester/natural gas-fueled 1,599-hp internal combustion engine and a 
1.1-MW electric generator. 
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• Two standby 4.2 MMBTU/hr digester/natural gas-fired boilers with low Nitrogen Oxide 
(NOx) burners and flue gas recirculation. 

• Two non-road portable internal combustion engines diesel-fueled and rated at 
71 break horsepower (bhp). 

• A resident portable internal combustion engine, diesel fueled and rated at 71 bhp, 
equipped with 4-degree timing retard. 

• A resident portable internal combustion engine, diesel fueled and rated at 102 bhp, 
equipped with turbocharger. Engine operation is restricted to 8,111 hours per year. 

• A resident portable internal combustion engine, diesel fueled and rated at 368 bhp, 
equipped with turbocharger and aftercooler. Engine operation is restricted to 
4,868 hours per year. 

• A fuel storage and dispensing facility, consisting of a 2,000-gallon aboveground 
dual-compartment gasoline/diesel storage tank, a gasoline-dispensing nozzle, and a 
diesel-dispensing nozzle. 

2.3 PROPOSED AIR EMISSION SOURCES AND AIR EMISSION 
CONTROL FACILITES 

The following proposed facilities are potential sources of regulated air pollutants. These 
facilities are discussed in detail in other volumes of the Master Plan. 

• New headworks facility and biofilter (Volume 4, Chapter 5 - Preliminary Treatment). 

• New primary clarifiers and biofilters for all primary clarifiers (Volume 4, Chapter 6 - 
Primary Treatment). 

• Membrane Bioreactor (MBR) facility (Volume 4, Chapter 7 - Secondary Treatment). 

• New primary effluent equalization basins (Volume 4, Chapter 12 - Primary Effluent 
Equalization). 

• New solids thickening facilities (Volume 8, Chapter 4 - Solids Production and 
Thickening Options). 

• New fuel cells to produce electricity from digester and/or natural gas (Volume 9, 
Chapter 5 - Power Supply Alternatives). 

• New solids dewatering centrifuges (Volume 8, Chapter 6 - Solids Dewatering). 
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2.4 EMITTED AIR POLLUTANTS AND ANNUAL EMISSIONS 
SUMMARY 

Table 2.1 presents a summary of the most recent Annual Emissions Report (AER) 
submitted to the South Coast Air Quality Management District (SCAQMD). The table 
contains air pollutants other than Toxic Air Contaminants (TAC) and Ozone Depleting 
Compounds (ODC). Emissions of the latter are reported in Table A.1 of Appendix A. 

Table 2.1 Summary of 2005-2006 Emissions for Select Air Pollutants(1)(2)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Air Pollutant Annual Plant Emissions (tons) 
Organic Gases 4.80 
Methane 0.09 
NOx 5.65 
Sulfur Oxides 0.97 
Carbon Monoxide 18.9 
Particulate Matter 0.45 

Notes: 
(1) Based on the 2005-2006 AER. 
(2) A summary of the 2005-2006 emissions TAC and ODC is presented in Appendix A. 

2.5 REVIEW OF APPLICABLE SCAQMD REGULATIONS 

The SCAQMD has jurisdiction over air quality programs in Riverside County, where the 
RWQCP is located. The following paragraphs provide a review of applicable SCAQMD air 
quality regulations and rules. 

2.5.1 SCAQMD Regulation II: Permits 

2.5.1.1 Rule 201: Permit to Construct 

According to Rule 201, a facility must not build, install, alter, or replace any equipment 
emitting air pollutants or controlling emissions of air pollutants without first obtaining a 
Permit to Construct from the SCAQMD. A Permit to Construct remains in effect until a 
Permit to Operate is granted or denied, or the application for the Permit to Construct is 
cancelled. The supporting information required with an application for a Permit to Construct 
is described in detail in Regulation II of the SCAQMD. 
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2.5.1.2 Rule 203: Permit to Operate 

In connection to Rule 201, Rule 203 states that a facility must not operate or use any 
equipment emitting air pollutants or controlling emissions of air pollutants without first 
obtaining a Permit to Operate from the SCAQMD. The equipment must be operated 
according to the conditions specified in the Permit to Operate. 

2.5.1.3 Rule 219: Equipment Not Requiring a Written Permit Pursuant to Regulation II 

Pieces of equipment included in Rule 219, unless exempted, do not require written permits. 
Among others, they include: 

• Mobile equipment (e.g., motor vehicles). 

• Piston-type internal combustion engines with a rating of 50 bhp or less. 

• Gas turbine engines with a maximum heat input rate of 2.975 MMBTU/hr or less. 

• Boilers, process heaters, and combustion equipment with a maximum heat input rate 
of less than 2.000 MMBTU/hr. 

• Fuel cells using phosphoric acid, molten carbonate, proton exchange membrane, or 
solid oxide technologies. 

• Modifications to structures and equipment, including maintenance, repairs, and 
identical replacement, that cannot change the quality, nature, or quantity of air 
contaminant emissions. 

• Listed utility equipment, including: equipment used exclusively to generate ozone and 
associated ozone destruction equipment for water treatment processes; passive 
carbon adsorbers with a volume of 55 gallons or less, used exclusively for foul air 
odor control from sanitary sewer systems. 

2.5.1.4 Implications of Regulation II for the RWQCP 

Regulation II of the SCAQMD requires application for a Permit to Construct and a Permit to 
Operate with any RWQCP expansion or modification, unless Regulation II specifically 
exempts the activity. 

2.5.2 SCAQMD Regulation IV: Prohibitions 

2.5.2.1 Rule 402: Nuisance 

Rule 402 prohibits the discharge of air pollutants or other material that can cause injury, 
detriment, nuisance, or annoyance to any considerable number of persons or to the public 
or have the potential to cause injury or damage to business or property. 

2.5.2.2 Implications of Regulation IV for the RWQCP 

Rule 402 applies to odor emissions from the RWQCP. To ensure compliance with this rule, 
the SCAQMD may require in the future that the RWQCP meet specific fenceline odorant 

February 2008 2-4 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 05\Ch02.doc 



 

concentration goals. As discussed in the 2005 Odor Control Master Plan, these 
concentration goals are based on the frequency of complaints received by the surrounding 
community. For example, the SCAQMD has established a fenceline hydrogen sulfide 
concentration of 10 parts per billion by volume (ppbv) for the wastewater treatment plants of 
the Orange County Sanitation District. Compliance with such a requirement would require 
emission and dispersion modeling. 

2.5.3 SCAQMD Regulation XI: Source Specific Standards 

2.5.3.1 Rule 1110.2 and Proposed Amendments: Emissions from Gaseous- and 
Liquid-Fueled Engines  

Rule 1110.2 applies to all stationary and portable engines over 50 bhp. It sets concentration 
limits for NOx, Volatile Organic Compounds (VOCs), and Carbon Monoxide (CO) emissions. 

SCAQMD proposed amendments to Rule 1110.2 in January 2007. The proposed 
concentration limits for stationary engines fired by 90 percent or more of landfill or digester 
gas, based on the annual heat input of the fuels are presented in Table 2.2. The proposed 
stringent concentration limits in Table 2.2 do not apply to stationary engines used 
exclusively in standby mode. 

Table 2.2 Proposed Concentration Limits for Digester Gas-Fired Engines 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Air Pollutant Corrected Average Concentration (ppm)
Proposed Concentration Limits Effective before July 1, 2012 

NOx bhp ≥ 500: 36 x ECF(1) 
bhp < 500: 45 x ECF(1)

VOC 250 x ECF(1)

CO 2,000 
Proposed Concentration Limits Effective July 1, 2012 

NOx 11 
VOC 30 
CO 70 

Notes: 
(1) ECF is the efficiency correction factor. Its value is typically 1.0. 

The proposed concentration limits possibly apply to the three internal combustion engines 
of the cogeneration facility. To comply with the proposed limits, the RWQCP can either shut 
down the engines or convert them to standby; or retrofit the engines with fuel conditioning 
systems, Selective Catalytic Reduction (SCR) systems and CO catalysts. Installation of fuel 
cells that use digester/natural gas can allow conversion of the cogeneration engines to 
standby. 
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The amended Rule1110.2 also proposes that the operator of any portable diesel engine 
complies with the applicable requirements of the Airborne Toxic Control Measure for Diesel 
Particulate Matter from Portable Engines Rated at 50 Horsepower and Greater, 
Sections 93116 through 93116.5 of Title 17 of the California Code of Regulations. These 
specific sections and their implications are discussed below. 

2.5.3.2 SCAQMD Rule 1179: Publicly Owned Treatment Works Operations 

Rule 1179 applies to all existing Publicly Owned Treatment Works (POTWs). For 
large-capacity POTWs, i.e., those with a design capacity of 10 mgd or greater, the rule 
requires submission of an Emissions Inventory Plan for quantification and reporting of VOC 
and odor emissions through 2010. Although such plans and inventories have been 
completed in the past for the RWQCP, an amendment to Rule 1179 would possibly require 
updates to the Emissions Inventory Plan and the emissions projections beyond 2010. 

2.5.4 SCAQMD Regulation XIII: New Source Review 

This regulation defines pre-construction review requirements for new, modified, or relocated 
facilities, to ensure that operation of such facilities will not interfere with progress in 
attainment of the National Ambient Air Quality Standards (NAAQS), including state ambient 
air quality standards. The goal of this regulation is to achieve no net emission increases 
from new or modified permitted sources of nonattainment air contaminants or their 
precursors. In addition, this regulation limits emission increases of ammonia and ODCs 
from new, modified or relocated facilities by requiring the use of Best Available Control 
Technologies (BACT). 

2.5.4.1 Rule 1302: Definitions 

The following definitions are useful in understanding the New Source Review rules that 
affect air quality planning at the RWQCP. 

• BACT is the most stringent emission limitation or control technique which: has been 
achieved in practice for such category or class of source; or is contained in any State 
Implementation Plan (SIP) approved by the U.S. EPA for such category or class of 
source; or is found by the SCAQMD to be technologically feasible for such category 
or class of source, and cost-effective. 

• MAJOR POLLUTING FACILITY means any facility located in the South Coast Air 
Basin (SOCAB) that emits or has the potential to emit the following amounts or more: 
– VOC: 10 tons per year. 
– NOx: 10 tons per year. 
– Sulfur oxides (SOx): 100 tons per year. 
– Particulate matter (PM10): 50 tons per year. 
– CO: 70 tons per year. 
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• MODIFICATION involves any physical change in equipment, change in method of 
operation, or an addition to an existing facility, which may cause emission of air 
pollutants. Routine maintenance and/or repair are not considered a physical change. 

• ODCs are Class I substances identified in 40 CFR, Part 82, Appendix A, Subpart A, 
including, but not limited to the following compounds: 
– 1,1,1-Trichloroethane (methyl chloroform). 
– Trichlorofluoromethane (CFC-11). 
– Dichlorodifluoromethane (CFC-12). 
– 1,1,2-Trichloro-1,2,2,-trifluoroethane (CFC-113). 
– 1,2-Dichloro-1,1,2,2-tetrafluoroethane (CFC-114). 
– Chloropentafluoroethane (CFC-115). 

• POTENTIAL TO EMIT means the estimate for the amount of air pollutants emitted 
from a source based on the source maximum rated capacity and the maximum daily 
hours of operation. The Potential to Emit includes fugitive emissions. 

• PRECURSORS to secondary air pollutants include VOCs, NOx, and SOx. 

2.5.4.2 Rule 1303: Requirements 

According to Rule 1303, SCAQMD will deny a Permit to Construct for construction or 
modification of a source that results in an emission increase of any nonattainment air 
contaminant unless use of BACT is demonstrated. A modified source is exempted from this 
requirement when the sole purpose of the modification is to reduce emissions of air 
pollutants. Also, a new or modified source is exempted if its potential to emit is less than the 
following amounts: 

• VOC: 4 tons per year. 

• NOx: 4 tons per year. 

• SOx: 4 tons per year. 

• PM10: 4 tons per year. 

• CO: 29 tons per year. 

2.5.4.3 Implications of Regulation XIII for the RWQCP 

The RWQCP is considered a major polluting facility for the purposes of Regulation XIII. 
There are no specific BACT requirements for major polluting facilities and the requirements 
are determined on a case-by-case basis at the time of the application for a Permit to 
Construct. 
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2.5.5 SCAQMD Regulation XIV: Toxics and Other Non-Criteria Pollutants 

2.5.5.1 Rule 1401: New Source Review of Toxic Air Contaminants 

Rule 1401 specifies limits for Maximum Individual Cancer Risk (MICR), cancer burden, and 
non-cancer acute and chronic Hazard Index (HI) from new permit units, relocations, or 
modifications to existing permit units emitting toxic air contaminants. The rule also applies 
to new, relocated, and modified equipment not requiring a written permit, if the risk from the 
equipment will be greater than identified below. Within a POTW facility, each process within 
multi-process permit units is considered a separate permit unit for purposes of this rule. 

The requirements of this rule include: 

• Risk assessment based on published procedures by the SCAQMD. 

• An increase in sum MICR (for all carcinogens) no greater than one in a million (1.0 x 
10-6) at any receptor location, if the permit unit is constructed without TBACT (BACT 
for toxics); an increase in sum MICR (for all carcinogens) no greater than ten in one 
million (1.0 x 10-5) at any receptor location, if the permit unit is constructed with 
TBACT; and a cancer burden no greater than 0.5. 

• A cumulative increase in total chronic HI for any target organ system of no greater 
than 1.0 at any receptor location. 

• The Potential to Emit is used for the purpose of estimating MICR and cancer burden. 

The above requirements do not apply in the following cases: 

• Permit renewal. 

• Unit modification with no increase in risk. 

• Functionally identical replacement. 

• Emergency internal combustion engines. 

• Gasoline transfer and dispensing facilities. 

2.5.5.2 Implications of Regulation XIII for the RWQCP 

A risk assessment study will likely be required with an application for a Permit to Construct 
for expansion facilities at the RWQCP. Coordination with the SCAQMD will be required at 
the time of application to define the scope and extent of the risk assessment study. 

2.5.6 SCAQMD Regulation XXX: Title V Permits 

The Title V Permit is the air pollution control permit system required to implement the 
federal Operating Permit Program as mandated by Title V of the federal Clean Air Act 
(CAA). 
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2.5.6.1 Rule 3001: Applicability 

According to Rule 3001, facilities with the potential to emit equal to or exceeding the 
threshold amounts shown below must submit an application to SCAQMD for an initial 
Title V Permit. 

• VOC: 10 tons per year. 

• NOx: 10 tons per year. 

• SOx: 100 tons per year. 

• CO: 50 tons per year. 

• PM10: 70 tons per year. 

• A single Hazardous Air Pollutant (HAP): 10 tons per year. 

• Combination of HAPs: 25 tons per year. 

Facilities demonstrating to SCAQMD that their potential to emit has been reduced, either 
through a facility modification or by accepting an enforceable condition in the District facility 
permit, to less than the thresholds presented above, are exempted from Title V permit 
requirements. Unless renewed, a Title V Permit expires five years from the date of 
issuance. 

2.5.6.2 Rule 3004: Permit Types and Content 

Rule 3004 describes the contents of a Title V Permit. Among others, a permit includes: 

• Emissions limitations and operational requirements that assure compliance with all 
regulatory requirements at the time of permit issuance. 

• The origin and authority of each permit term or condition. 

• Monitoring, recordkeeping, and reporting requirements. 

• Provisions for alternative operating scenarios consistent with regulatory requirements. 

• If requested by the applicant, terms and conditions for trading of emissions increases 
and decreases, provided that regulatory requirements allow such trading. 

• Compliance requirements, including: compliance certification, testing, monitoring, 
reporting, and recordkeeping requirements; inspection requirements; progress 
reports. 

The rule also describes the Permit Shield provision. If requested by the applicant, SCAQMD 
may expressly include in a Title V permit, a provision stating that compliance with the 
conditions of the permit is considered compliance with any regulatory requirements as of 
the date of issuance. 

February 2008 2-9 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 05\Ch02.doc 



 

2.5.6.3 Implications of Regulation XXX for the RWQCP 

The RWQCP submitted a Title V Permit application to the SCAQMD in November 2001. 
The application was triggered by the Potential to Emit exceeding 10 tons per year for NOx 
and VOCs, and 50 tons per year for CO, due to the engines of the cogeneration facility. As 
of June 2007, SCAQMD has not issued a Title V Permit for the RWQCP. A Permit Shield 
was requested for the three internal combustion engines of the cogeneration facility. If the 
RWQCP demonstrates to SCAQMD that its potential to emit has been reduced to less than 
the thresholds presented above (e.g., through the installation of fuel cells and conversion of 
the cogeneration engines to standby) there will be no obligation for a Title V renewal. 

2.5.7 SCAQMD Best Available Control Technology Guidelines 

As discussed above, the SCAQMD Regulation XIII: New Source Review requires applicants 
to use BACT for new, relocated, and modified sources that may result in an emission 
increase of any nonattainment air contaminant, ODC, or ammonia. 

BACT standards apply to both major and non-major polluting facilities. Major polluting 
facilities, such as the RWQCP, are required by the Clean Air Act to exhibit the Lowest 
Achievable Emission Rate (LAER). LAER is determined at the time a permit is issued. 
SCAQMD staff determines LAER requirements on a permit-by-permit basis. In essence, 
LAER is the most stringent emission limit or control technology that is: 

• Found in a SIP. 

• Achieved in Practice (AIP). 

• Technologically feasible and cost effective. 

For practical purposes, nearly all SCAQMD LAER determinations are based on the AIP 
criterion because it is generally more stringent than the SIP criterion, and because state law 
constrains use of the third criterion. 

An emission limit or control technology may be considered as AIP for a source category or 
class if it exists in any BACT or LAER guideline document or clearinghouse issued by the 
U.S. EPA or any of the states or air quality districts. A control technology or emission limit 
may also be considered as AIP if it meets all of the following criteria: 

• Commercial availability: At least one vendor offers the equipment in the United 
States. 

• Reliability: All control technologies have been installed and operated reliably for at 
least 6 months. 

• Effectiveness: The equipment is verified to perform effectively over the range of 
operation expected for that type of equipment. 
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2.6 REVIEW OF APPLICABLE CARB REGULATIONS 

2.6.1 California Code of Regulations, Title 17, Section 93116: Airborne 
Toxic Control Measure for Diesel Particulate Matter from Portable 
Engines Rated at 50 Horsepower and Greater 

The purpose of this Airborne Toxic Control Measure (ATCM) is to reduce diesel Particulate 
Matter (PM) emissions from portable diesel-fueled engines. 

2.6.1.1 Section 93116.1: Applicability 

The regulation applies to portable diesel-fueled engines with rated brake horsepower of 50 
and greater (> 50 bhp). The regulation does not apply to portable engines using alternative 
fuels. 

2.6.1.2 Section 93116.2: Definitions 

The following definitions are useful in understanding the implications of Section 93116 for 
air quality planning at the RWQCP. 

ALTERNATIVE FUEL means gasoline, natural gas, propane, Liquid Petroleum Gas (LPG), 
hydrogen, ethanol, or methanol. 

EMERGENCY means any of the following situations or conditions: 

• Failure of all or part of normal electrical power service or natural gas supply to the 
facility. 

• Failure of an internal power distribution system. 

• Pumping of water or sewage to prevent or mitigate a flood or sewage overflow. 

• Pumping of water for fire suppression or protection. 

• Pumping of water to maintain pressure in the water distribution system. 

• Breakdown of electric-powered pumping equipment at sewage treatment facilities or 
water delivery facilities. 

• Training of personnel in the use of portable equipment for emergency purposes. 

FLEET refers to a portable engine or group of portable engines that are owned and 
managed by an individual operational entity. 

LEVEL-3 VERIFIED TECHNOLOGY means a technology that has demonstrated a 
reduction in diesel particulate matter of 85 percent or greater. 

LOW-USE ENGINES refers to portable diesel-fueled engines that operate 80 hours or less 
in a calendar year. 
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SCR SYSTEM refers to an air pollution emissions control system that reduces NOx 
emissions through the catalytic reduction of NOx by injecting nitrogen-containing 
compounds into the exhaust stream, such as ammonia or urea. 

TIER 4 EMISSION STANDARDS refers to the final emission standards adopted by the U.S. 
EPA for newly manufactured non-road engines. 

2.6.1.3 Section 93116.2: Requirements 

Owners of portable diesel-fueled engines used exclusively in emergency applications or as 
low-use engines must satisfy one of the following requirements by January 1, 2020: 

• Replace portable diesel-fueled engines with engines certified to meet Tier 4 emission 
standards. 

• Equip existing portable diesel-fueled engines with properly functioning level-3 verified 
technologies. 

• Equip existing portable diesel-fueled engines with a combination of verified emission 
control strategies that have been verified together to achieve at least 85 percent 
reduction in diesel PM emissions. 

Apart from equipment requirements, specific PM emission rate requirements apply to 
portable diesel-fueled engines. For engines less than 175 bhp, the following weighted fleet 
average PM emissions must be met: 0.30 g/bhp-hr by January 1, 2013; 0.18 g/bhp-hr by 
January 1, 2017; 0.04 g/bhp-hr by January 1, 2020. For engines equal to or greater than 
175 bhp but less than 750 bhp, the following weighted fleet average PM emissions must be 
met: 0.15 g/bhp-hr by January 1, 2013; 0.08 g/bhp-hr by January 1, 2017; 0.02 g/bhp-hr by 
January 1, 2020. Incentives to meet fleet average emissions include use of alternative fuels 
and addition of Tier 4 non-road engines prior to January 1, 2015. 

The above emission requirements do not apply to portable diesel-fueled engines used in 
emergency applications or as low-use engines that do not exceed the allowed hours of 
operation in a calendar year. In addition, the emission requirements do not apply to engines 
equipped with properly operating SCR systems. Finally, changes in the fleet, including 
engine additions or deletions, cannot result in noncompliance with the above emission 
limits. 

2.6.1.4 Implications of California Regulation Title 17, Section 93116 

Title 17, Section 93116 applies to all five portable diesel-fueled engines in the RWQCP. 
The specific requirements for the five engines are explicitly described in the Statewide 
Portable Equipment document issue for each engine by the California Air Resources Board 
(CARB). 
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2.7 REVIEW OF CALIFORNIA ASSEMBLY BILL 32 (AB 32 – 
GLOBAL WARMING SOLUTIONS ACT OF 2006) AND 
RELATED REGULATIONS 

California initiated the first regulatory program in the U.S. with the objective of reducing 
Greenhouse Gas (GHG) emissions. The following paragraphs discuss the bill and related 
regulations, as well as their potential impacts on air quality planning on POTWs. 

On a national level, the U.S. Supreme Court ruled on April 2, 2007 that GHGs qualify as air 
pollutants under the Clean Air Act. While the rule was specific to the authority of U.S. EPA 
to regulate emissions from new motor vehicles, it opens the door for federal lawsuits and 
statewide regulations regarding GHG emissions from other sources, including POTWs. 

2.7.1 AB 32 - Global Warming Solutions Act of 2006 

California Assembly Bill 32 (AB 32), also known as the Global Warming Solutions Act of 
2006, creates a comprehensive, multi-year program to reduce GHG emissions in California, 
with the overall goal of restoring emissions to 1990 levels by the year 2020. AB 32 targets 
the following six GHGs: 

• Non-biogenic carbon dioxide (CO2). 

• Methane (CH4). 

• Nitrous oxide (N2O). 

• Hydrofluorocarbons (HFCs). 

• Perfluorocarbons (PFCs). 

• Sulfur hexafluoride (SF6). 

Under AB 32, the CARB has the primary responsibility for reducing GHG emissions. 
Table 2.3 provides a summary of actions CARB will take to meet the objectives of AB 32. 

Table 2.3 AB 32 Implementation Schedule 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Date Action 
June 30, 2007 CARB publishes a list of early-action reduction measures for 

GHG emissions. 
January 1, 2008 CARB adopts GHG monitoring and reporting regulations. 
January 1, 2009 CARB approves plan to achieve the maximum technologically 

feasible and cost-effective reductions in GHG emissions by 2020.
January 1, 2010 CARB adopts regulations to implement early-action reduction 

measures for GHG emissions. 
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Table 2.3 AB 32 Implementation Schedule 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Date Action 
January 1, 2011 CARB adopts GHG emission limits and reduction measures to 

become operative on January 1, 2012. CARB may also establish 
a system of market-based declining annual aggregate emission 
limits for GHGs applicable from January 1, 2012 to 
December 31, 2020. 

January 1, 2012 Adopted GHG emission limits and reduction measures become 
operative. Adopted market-based system becomes operative. 

December 31, 2020 Statewide GHG emission levels become equivalent to 1990 
levels. 

2.7.1.1 California Climate Action Registry 

The California Climate Action Registry (Registry) is a non-profit entity in charge of tracking 
voluntary reporting of GHG emissions. The Registry publishes the General Reporting 
Protocol that provides guidance for the estimation and reporting of GHG emissions. The 
Registry also offers the Climate Action Registry Reporting Online Tool (CARROT), an 
electronic protocol that facilitates estimation and reporting of GHG emissions. There are 
early indications that CARB will either adopt CARROT for mandatory reporting or will 
incorporate it into a statewide system. 

At a minimum, participants in the Registry must report at least 95 percent of their 
entity-wide emissions for each of the following categories: 

• Direct emissions from mobile source combustion (transportation). 

• Direct emissions from stationary combustion. 

• Indirect emissions from electricity use and imported steam, heating, and cooling. 

• Direct process emissions. 

• Direct fugitive emissions (e.g., N2O and CH4 emissions from wastewater). 

For the first three years after joining the Registry, participants must report at a minimum 
their CO2 emissions. Starting with the fourth year, participants must report emissions for all 
six GHGs. A Registry-approved third party must certify the reported emission estimates. 
Participants must pay all expenses for the third party evaluation and certification, as well as 
a size-scaled annual Registry Fee ranging from $400 to $4,000. Use of the CARROT is 
free. 

February 2008 2-14 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 05\Ch02.doc 



 

The Registry notes four key benefits to early voluntary GHG emissions reporting: 

• Detection of process inefficiencies through emissions monitoring. 

• Preparedness for new regulations on GHG emissions. 

• Being in a position to help shape policy. 

• Gaining credit for GHG emission reductions. 

In 2005, 48 entities voluntarily reported GHG emissions including four POTWs: East Bay 
Municipal Utilities Department, the City of Palo Alto, the Los Angeles Department of Water 
and Power, and the San Francisco Public Utilities Commission. 

2.7.1.2 California Statewide POTW Steering Committee 

California Statewide POTW Steering Committee (Committee) is a statewide group of 
POTWs established in response to AB 32. The Bay Area Clean Water Agencies (BACWA) 
currently acts as the Committee coordinator. The Committee met for the first time in March 
2007. The objectives of the Committee are to: 

• Be a forum and go-to group for the wastewater industry. 

• Work with agencies to develop wastewater specific emissions protocols and an 
industry strategy. 

• Avoid duplication of efforts. 

Membership to the Committee is open to any agency. There are currently two tiers of 
membership, loosely defined by the agency size and contribution amount. The annual 
membership fee is $10,000 for large agencies and $500 for small agencies. Small agencies 
have no voting rights. 

2.7.1.3 Potential Implications of AB 32 and Related Regulations to the RWQCP 

Potential implications of AB 32 for the RWQCP include: 

• Reporting of GHG emissions, initially voluntary and later mandatory. 

• Reduction of GHG emissions. 

• A cap-and-trade program setting an overall emission cap and allowing flexibility in 
complying with the cap through trading and allocation schemes, such as auctioning 
credits, and/or offsets. 

• Participation in Municipal Utility Energy Efficiency Programs to increase energy use 
efficiency and energy production from renewable sources (e.g., biogas, solar energy, 
and wind energy). These programs would be administered by the California Public 
Utilities Commission (CPUC) and could feature risk/reward incentive mechanisms. 

• Increase in recycling requirements. 
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Appendix A 
PLANT EMISSIONS OF TAC AND ODC 

 

Table A.1 Summary of 2005-2006 Emissions for Toxic Air Contaminants (TAC) 
and Ozone Depleting Compounds (ODC)(1)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Air Pollutant(2) Annual Plant Emissions (lb) 
Benzene 15.2 
1,3-Butadiene 3.97 
Cadmium 0.02 
Carbon Tetrachloride 0.15 
Ethylene Dibromide 0.59 
Ethylene Dichloride 0.10 
Formaldehyde 827 
Inorganic Arsenic 0.09 
Lead 0.14 
Methylene Chloride 1.40 
Nickel 0.08 
Perchloroethylene 1.94 
Polycyclic Aromatic Hydrocarbons (PAHs) 3.09 
Trichloroethylene 0.72 
Vinyl Chloride 0.08 
1,1,2,2-Tetrachloroethane 0.54 
1,1,2-Trichloroethane (Vinyl Trichloride) 0.43 
1,2,4-Trimethylbenzene 0.19 
1,2-Dichloropropane 0.36 
1,3-Dichloropropene 0.35 
Acetaldehyde 118 
Acrolein 70.0 
Ammonia 581 
Chloroform 279 
Ethylbenzene 131 
Hexane 17.7 
Methanol 33.6 
p-Dichlorobenzene 0.80 
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Table A.1 Summary of 2005-2006 Emissions for Toxic Air Contaminants (TAC) 
and Ozone Depleting Compounds (ODC)(1)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Air Pollutant(2) Annual Plant Emissions (lb) 
Selenium Compounds 0.44 
Styrene 0.32 
Toluene 68.4 
Xylenes 6.84 

Notes: 
(1) Based on the 2005-2006 Annual Emissions Report provided by the RWQCP. 
(2) The AER does not report emissions of hydrogen sulfide, a TAC. 
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Chapter 1 

RECLAMATION AND REUSE 

1.1 PURPOSE 
The purpose of the reclamation and reuse volume is to review the information in the 
existing City of Riverside (City) Recycled Water Phase I Feasibility Study and Citywide 
Master Plan (Parsons, September 2003), present an update to the existing Master Plan 
regarding the planned recycled water pump station, and develop costs for the planned 
pump station that can be used in the overall Capital Improvement Plan (CIP) for the 
Integrated Master Plan. An order of magnitude dollar-per-acre-foot cost is also presented, 
but is only applicable to the costs (capital and Operations and Maintenance (O&M)) for the 
pump station, and not the full cost to deliver recycled water. 

1.2 CONCLUSIONS AND RECOMMENDATIONS 
• None of the information from the 2003 Master Plan is used in this volume of the 

Integrated Master Plan. This is due to the fact that the focus of the 2003 Master Plan 
was the customers and the distribution system in the City, and not the wastewater 
treatment plant facilities, which is the focus of this integrated plan. 

• A dollar-per-acre-foot cost for installation and O&M of a new recycled water pump 
station was developed for this volume of the Integrated Master Plan. This cost ranges 
from approximately $106/acre-foot in 2007 to approximately $177/acre-foot in 2025. 

1.3 BACKGROUND 
In the fall of 2003, the City of Riverside Recycled Water Phase I Feasibility Study and 
Citywide Master Plan (Parsons, September 2003) was developed. This master plan 
includes eight chapters which cover a variety of topics including regulations, recycled water 
quality and quantity, a market analysis, layouts for various Citywide reuse systems, costs, 
potential funding sources, and recommendations. City staff agreed that the 2003 report was 
fairly recent and therefore a new reuse market assessment was not undertaken. The 2003 
Master Plan is included in Appendix A for reference. 

There are currently three recycled water pump stations at the Regional Water Quality 
Control Plant (RWQCP). The main pump station is located adjacent to Chlorine Contact 
Basin (CCB) 1. This pump station supplies recycled water to the Van Buren Golf Course. It 
is also the source for on-site uses (i.e. utility water) for the RWQCP. The on-site uses are 
described in Volume 4, Chapter 11 - Plant Utilities and Support Facilities. A second pump 
station is located adjacent to CCB 3. This pump station supplies recycled water to the 
Urban Forest. The third pump station is located adjacent to the RWQCP outfall. It supplies 
water to the Toro Manufacturing Facility.  
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A new recycled water pump station is planned to be added at the end of CCB 2. This pump 
station will replace the first and second recycled water pump stations that are described 
above. The sizing of this pump station was developed using customer demand information 
provided by the City. The 2003 report was not used for demand information as the City staff 
has newer information on the expected customers. 

1.4 EXISTING MASTER PLAN REPORT CONTENT SUMMARY 
The 2003 Master Plan report covers a variety of planned projects and conditions as they 
were existing when the report was developed. However, as times change, so do conditions, 
and plans get revised. The following paragraphs describe some changed conditions to the 
2003 report along with our understanding of the information to be used in this integrated 
plan.  

Chapter 2, Recycled Water Regulations, lists some regulations and documents which have 
since been updated and revised. For example, the chapter refers to the 1992 U.S. EPA 
Guidelines for water recycling. The 2004 U.S. EPA Guidelines for Water Reuse updates the 
1992 Guidelines by incorporating information on water reuse that has been developed since 
the 1992 document was issued. The draft water recycling and groundwater recharge 
regulations referenced are also outdated and the latest versions can be found electronically 
at http://www.dhs.ca.gov/ps/ddwem/publications/waterrecycling/index.htm. The Basin Plan 
referenced is also outdated and can be found electronically at 
http://www.swrcb.ca.gov/rwqcb8/html/basin_plan.html.  

Chapter 3 of the reuse master plan summarizes the RWQCP water quality and quantity. 
These topics are being updated under other sections of this integrated plan. A process flow 
schematic is shown in the 2003 plan as Figure 3.1. This is slightly outdated as CCB 2 is 
shown on the diagram but is not in service at this time. CCB 2 is planned to be used to 
produce and store tertiary recycled water with the new planned pumps to be installed at the 
effluent end of the basin. 

Chapter 4 of the reuse master plan discusses the current uses of recycled water including 
the Van Buren Golf Course, the Urban Forest, and the Toro Manufacturing Facility. This 
chapter also discusses the allowable uses under Title 22 and the customer market survey. 
Since the 2003 Master Plan was completed, these uses have been revised considerably. 
The uses considered at this time, and planned through 2025, include the Van Buren Golf 
Course, landscaping along Van Buren Boulevard, the Toro Manufacturing Facility, a 
proposed new golf course, and on-site uses such as for process demands and the power 
plant that is adjacent to the RWQCP. The assumed demands that will be used for this 
Integrated Master Plan, for both on-site and off-site uses, are shown in Section 1.4, 
Planned Recycled Water Pump Station Demands, of this chapter of the Integrated Master 
Plan. 
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Chapter 5 discusses the Citywide recycled water system, distribution system, hydraulic 
modeling, and distribution system costs. As mentioned above, only those demands 
identified in Section 1.4 of this volume of the Integrated Master Plan are currently being 
considered. 

Chapter 6 details some options to a Phase I water recycling program and the various 
corresponding costs associated with each option. 

Chapter 7 identifies potential funding sources. The funding sources include state and State 
Revolving Fund (SRF) grants/loans, the Bureau of Reclamation, General Obligation (GO) 
bonds, revenue bonds, and Certificates of Participation (COPs). Most of the funding 
sources listed are still available for planning or construction grants and/or loans, but may 
have slight changes to their programs. These should be considered closer to the time a 
loan or grant is needed. Also, Proposition 84 was recently passed in November 2006 and 
could be considered but its intricacies are not defined as of this time. 

Chapter 8 briefly outlines the Citywide Phase I project and its implementation guidelines 
and recommendations. 

1.5 PLANNED RECYCLED WATER PUMP STATION DEMANDS 
A new recycled water pump station is planned to be constructed at the discharge end of 
CCB 2. The pump station will be used to supply the on-site and off-site demands for 
recycled water. The recycled water pump station demands and customers are summarized 
in Table 1.1. The average day demands were used to calculate the average cost per 
acre-foot while the peak hour demands were used to determine the pump size required. 
RWQCP staff supplied the customers and their corresponding demands. It is assumed that 
this is the demand to be supplied through the year 2025. 

Table 1.1 Recycled Water Pump Station Demands 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Demand Quantity 

Description 
Avg Day 

gpm 
Avg Day 
ac-ft/yr 

Peak Hr 
gpm 

Peak Hr
ac-ft/yr 

Off-Site Demand     

Van Buren Golf Course     

Landscaping Along Van Buren Blvd     

Toro Manufacturing Company     

Proposed Golf Course     

Subtotal 64 103 1,733 2,796 
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Table 1.1 Recycled Water Pump Station Demands 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Demand Quantity 

Description 
Avg Day 

gpm 
Avg Day 
ac-ft/yr 

Peak Hr 
gpm 

Peak Hr
ac-ft/yr 

On-Site Demand(1)     

On-Site Processes(2)     

Subtotal 2,610 4,211 2,750 4,437 

Total 2,674 4,314 4,483 7,232 

Notes: 
(1) Average day demand was assumed as the continuous demands provided by staff. 

Peak hour demand includes the intermittent demands. 
(2) On-site processes include belt filter press wash water, pump seal water, alum dilution, 

chlorine injectors, scum sprays, wash down hydrants (1-inch and 3-inch), power plant, 
miscellaneous, and future gravity belt thickeners wash water. 

1.5.1 Recycled Water Pump Station Design Considerations 

The recycled water pump station design assumptions are summarized in Table 1.2. It was 
requested by RWQCP staff that the design include a cover over CCB 2 to help reduce 
chlorine demand and prevent wind-born trash from entering the basin. This cover can be 
made of concrete, aluminum, or fiberglass, but concrete is assumed for this evaluation. The 
pumps are assumed to be vertical turbine pumps, with a total of three provided, two duty 
and one standby. A Variable Frequency Drive (VFD) is assumed with each pump for 
operating efficiency. It is also assumed that some minor basin modifications will be required 
to assure even flow distribution to the pumps to achieve an optimum operating 
environment. A total head was assumed which considered the elevation of the RWQCP in 
relation to the elevation of the customers at the intersection of Van Buren Street and 
Arlington Street, while also maintaining adequate pressure to ‘pop’ the customer’s sprinkler 
heads. 

Table 1.2 Recycled Water Pump Station Design Assumptions 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

Description Value 

Recycled Water Peak Hour Demand 4,483 gpm 

Wastewater Treatment Plant Elevation 700 feet 

Elevation at Intersection of Van Buren and Arlington 730 feet 

Total Head 120 feet 

Horsepower 200 hp total 
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Table 1.2 Recycled Water Pump Station Design Assumptions 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

Description Value 

Pump Type Vertical turbine 

Pump Location End of CCB 2 

No. of Pumps 3 total (2 duty and 1 standby) 

1.5.2 Recycled Water Pump Station Costs 

Costs were developed for the recycled water pump station. These costs will be used in 
Volume 10, Capital Improvement Plan and Overall Implementation Schedule. Recycled 
water pump station cost assumptions are contained in Table 1.3. Many of the cost 
assumptions are from this Integrated Master Plan, Volume 2, Chapter 4 - Basis of Cost 
Estimates. However, some costs are also from RWQCP staff.  

Table 1.3 Recycled Water Pump Station Cost Assumptions 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 
Power Cost $0.09/kW-hr 
Inflation Rate (Years 1-5) 6 percent 
Inflation Rate (after Year 5) 4 percent 
Life-Cycle Period 19 years 
Annual Labor Rate Increase 3 percent 
Annual Labor Effort 365 hrs/yr 
Labor Cost $50/hr 
Discount Rate to Annualize Cash Flows 6 percent 
Estimated Pump Station Capital Cost(1) $900,000 
Notes: 
(1) Pump Station capital cost includes three pumps (two duty and one stand by), three 

VFDs, electrical, Instrumentation/Controls (I&C), minor basin modifications, 
installation, 500 feet of 12-inch diameter pipe, and a concrete basin cover. 

Table 1.4 summarizes the total project cost for the recycled water pump station. This cost 
uses the direct cost mark-up percentages provided in Volume 2, Chapter 4 - Basis of Cost 
Estimates. The pump station capital cost is assumed to include three pumps (two duty and 
one standby) each with a VFD, electrical and I&C, minor basin modifications, installation of 
the pumps and equipment, a concrete basin cover, and 500 feet of 12-inch diameter piping. 
The added piping is assumed since the pump station is being relocated from CCB 3 to 
CCB 2. 
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Table 1.4 Recycled Water Pump Station Estimated Project Cost 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 

Total Estimated Direct Costs(1) $900,000 

Contingency @ 30% 270,000 

Subtotal 1,170,000 

General Conditions @ 10% 117,000 

Subtotal 1,287,000 

General Control Overhead/Profit @ 15% 193,050 

Subtotal 1,480,050 

Bid Market Allowance @ 15% 222,008 

Subtotal 1,702,058 

Engineering, Legal, Administrative @ 30% 510,617 

Sales Tax @ 50% of Capital Cost X 7.75% 34,875 

Total Project Cost $2,247,550 
Notes: 
(1) Assumes and ENRCCI of 8570, August 2006, LA area. Cost includes three pumps, 

VFDs, electrical, I&C, 500 feet of 12-inch diameter pipe, and basin cover and 
modifications. No building or structure is assumed. 

Table 1.5 summarizes the power costs, calculated horsepower, kilowatt-hours, and cost per 
kilowatt-hour. 

Table 1.5 Recycled Water Pump Station Power Cost 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 

Average Annual Flow 2,674 gpm (2 duty + 1 standby) 

Cost of Power $0.09/kW-Hr(1)

TDH 120 feet 

Pump Efficiency 75 percent 

HP 108(2)

kW 81(3)
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Table 1.5 Recycled Water Pump Station Power Cost 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 

kW Hrs 706,040(4)

Annual Power Cost $63,544 

Notes: 
(1) Data provided by City. 
(2) Based on formula: HP = (gpm x TDH)/(3,960 x pump efficiency). 
(3) Based on formula: kW = (HP x 0.746). 
(4) Based on formula: kW-hrs = (kW x 24 x 365). Year-round operation is assumed. 

Table 1.6 summarizes the O&M costs and the dollar-per-acre-foot cost for years 2007 
through 2025. The dollar-per-acre-foot cost developed for this Integrated Master Plan only 
includes the costs associated with the new pump station capital and O&M costs. 
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Table 1.6 Recycled Water Pump Station Estimated Operation and Maintenance Costs 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Year Year 
Escalation 

Rate 
Exist 

O&M Cost 
New PS 

O&M Cost 

Add'l Labor Cost 
365 hrs/yr@ 

$50/hr 
Annualized

Project Cost
Total 

Annual Cost
Discount 

Annual Cost $/ac-ft 

2007 1 - $175,000 $63,544 $18,250 $201,427 $458,221 $458,221 106.22 

 2 6% $185,500 $67,356 $18,798 $201,427 $473,081 $446,303 109.66 

 3 6% $196,630 $71,398 $19,925 $201,427 $489,380 $435,547 113.44 

2010 4 6% $208,428 $75,681 $21,121 $201,427 $506,657 $425,399 117.45 

 5 6% $220,933 $80,222 $22,388 $201,427 $524,971 $415,826 121.69 

 6 4% $229,771 $83,431 $23,284 $201,427 $537,913 $401,960 124.69 

 7 4% $238,962 $86,768 $24,215 $201,427 $551,372 $388,696 127.81 

 8 4% $248,520 $90,239 $25,184 $201,427 $565,370 $376,003 131.06 

2015 9 4% $258,461 $93,849 $26,191 $201,427 $579,928 $363,854 134.43 

 10 4% $268,799 $97,603 $27,239 $201,427 $595,068 $352,220 137.94 

 11 4% $279,551 $101,507 $28,328 $201,427 $610,814 $341,075 141.59 

 12 4% $290,733 $105,567 $29,461 $201,427 $627,189 $330,395 145.39 

 13 4% $302,363 $109,790 $30,640 $201,427 $644,219 $320,157 149.33 

2020 14 4% $314,457 $114,181 $31,865 $201,427 $661,931 $310,339 153.44 

 15 4% $327,036 $118,749 $33,140 $201,427 $680,351 $300,920 157.71 

 16 4% $340,117 $123,499 $34,465 $201,427 $699,508 $291,880 162.15 

 17 4% $353,722 $128,438 $35,844 $201,427 $719,432 $283,202 166.77 

 18 4% $367,870 $133,576 $37,278 $201,427 $740,152 $274,866 171.57 
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Table 1.6 Recycled Water Pump Station Estimated Operation and Maintenance Costs 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Year Year 
Escalation 

Rate 
Exist 

O&M Cost 
New PS 

O&M Cost 

Add'l Labor Cost 
365 hrs/yr@ 

$50/hr 
Annualized

Project Cost
Total 

Annual Cost
Discount 

Annual Cost $/ac-ft 

2025 19 4% $382,585 $138,919 $38,769 $201,427 $761,701 $266,857 176.57 

       Present Value $6,783,721  

Assumptions: 
Pump Station - Project Cost: $2,247,550. 
Annual Interest Rate (assumes loan): 6 percent. 
Period: 19 years. 
Discount Rate: 6 percent. 
Flow - Average Day: 2,674 gpm. 
Flow: 4,314 afy. 
Labor Rate Increase: 3 percent per year. 
 



 

Appendix A 
CITY OF RIVERSIDE RECYCLED WATER PHASE I 

FEASIBILITY STUDY AND CITYWIDE MASTER 
PLAN (PARSONS, SEPTEMBER 2003) 
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Chapter 1 

EXISTING FACILITIES 

1.1 PURPOSE 
The purpose of this chapter is to summarize the existing solids handling facilities at the 
Regional Water Quality Control Plant (RWQCP). This chapter does not include the design 
and reliability criteria of the unit processes, which will be described in Volume 8, Chapter 3 - 
Design Criteria. 

1.2 BACKGROUND 
Treatment is provided at the RWQCP, which provides preliminary, primary, secondary, and 
tertiary treatment. The RWQCP currently treats approximately 33 mgd (annual average 
flow). The RWQCP has a rated capacity of approximately 40 mgd (annual average flow). 
The City of Riverside (City) seeks to develop an Integrated Master Plan for the Wastewater 
Systems Facilities to identify and plan for expansion and replacement needs for up to the 
year 2025. Efficient solids handling processing is an integral part of the RWQCP operation. 
With proper planning and appropriate implementation of biosolids handling process 
improvements, the RWQCP will be able to cost-effectively treat and dispose of wastewater 
solids. 

1.3 EXISTING SOLIDS HANDLING FACILITIES  
The solids handling facilities that are part of the RWQCP consist of Dissolved Air Flotation 
Thickening (DAFT) of Waste Activated Sludge (WAS), mesophilic anaerobic digestion of 
primary and secondary solids, and belt press and centrifuge dewatering of digested sludge. 
The plant originally had 29 sludge drying beds (total area of 8 acres) as part of its sludge 
disposal practice, but they have been abandoned or demolished due to the odor complaints 
from neighboring businesses and due to their land requirement. Currently, solids are being 
disposed off-site and used as soil amendment. 

1.3.1 Dissolved Air Flotation Thickening 

DAFT is used to thicken the WAS from the secondary clarifiers. This process reduces the 
overall volume of the solids and concentrates them into a stream that can be more 
economically treated. Settled solids from the secondary clarifiers from Plant 1 and Plant 2 
are combined and thickened in the DAFTs to a solids concentration of about 2 percent. The 
RWQCP has three DAFTs, but only DAFT No. 2 is in service. The RWQCP is in the 
process of rebuilding DAFT No. 1. DAFT No. 3 has been cannibalized for spare parts. 
Criteria for the DAFTs are shown in Table 1.1. 
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Table 1.1 Dissolved Air Flotation Thickeners Criteria 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 

DAF Thickeners  
Number 2 (only 1 in service currently) 

Diameter (feet) 37 

Gross Surface Area (sq. ft.) each 1,018 

Effective Surface Area (sq. ft) each 943 

Total Surface Area w/one unit out of service (sq. ft.) 943 

Air-to-Solids Ratio 0.025 to 0.04 

Capture rate, % 95 

TWAS Transfer Pumps  
Number 1 per DAF 

Type Progressive Cavity 

Capacity, gpm/each 150 

Recycle Pressurization Pumps (Duplex)  
Number 1 per DAF 

Type Duplex, Centrifugal 

Flow Rate, gpm/each 1,000 

1.3.2 Anaerobic Digesters 

In anaerobic digestion, the solids from primary treatment and the DAF thickeners are 
processed in the absence of air. This reduces the solids volume, stabilizes the sludge, and 
produces methane gas as a byproduct that can be burned for energy.  

The existing anaerobic digestion process includes five digesters ranging in size from 
0.603 to 1.8 million gallons. The RWQCP currently operates the two 90-foot diameter tanks 
as active digesters. These are labeled Digester Nos. 1 and 2. Thickened primary and 
secondary sludge and primary scum are fed separately, directly to the digesters. WAS is 
thickened in the DAF, and primary sludge is thickened in the primary sedimentation tanks. 
Primary sludge from Plant 1 is sent to Plant 2 for thickening along with the raw wastewater 
coming to Plant 2. Currently, the RWQCP is adding restaurant grease to Digester No. 2 to 
increase gas production. After digestion, the stabilized solids are transferred into Digester 
No. 4, which serves as a holding tank for the dewatering belt presses and centrifuges. 
Digester Nos. 3 and 5 are no longer in service. However, the City is planning on placing 
Digester No. 3 back in service. Criteria for the existing anaerobic digestion equipment are 
shown in Table 1.2. 
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Table 1.2 Anaerobic Digesters 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 

Anaerobic Digesters  
Number of Units 5 

Diameter (feet) Units 1 and 2 90 

Diameter (feet) Unit 3 75 (out of service) 

Diameter (feet) Unit 4 88 (storage) 

Diameter (feet) Unit 5 60 (out of service) 

Side Water Depth Units 1 and 2 32.0 

Side Water Depth Unit 3 32.0 

Side Water Depth Unit 4 38.5 

Side Water Depth Unit 5 28.5 

Total Current Digester Volume, MG (Units 1 and 2) 3.28 

Total Current Storage Volume, MG (Unit 4) 1.8 

Mixing Pumps  
Number 2 per Units 1 and 2; 1 per Units 3, 

4, and 5 

Type Vortex Propeller, Centrifugal 

1.3.3 Sludge Dewatering Facilities 

Sludge dewatering is a physical (mechanical) unit operation used to reduce the moisture 
content of sludge. The RWQCP currently uses two belt presses and one centrifuge for the 
sludge dewatering process. 

Dewatering belt filter presses are used to reduce the volume of material that requires 
off-site disposal. Polymer is first added to the sludge, and then it is introduced on a gravity 
drainage section, where it is allowed to thicken. Then low pressure is applied to the 
digested solids in between two wide belts where the solids are pressed with rollers to 
mechanically expel the excess water. The belts are arranged to perform the conveying, 
pressing, and dewatering functions. The final dewatered sludge cake is removed from the 
belts by scraper blades. The RWQCP produces a cake of about 16-percent solids. Drying 
beds were previously used to further reduce the volume of sludge to a solids-content 
greater than 60 percent, before disposal off-site. However, due to odor problems, the drying 
beds are no longer in service. Currently, the dewatered solids are discharged to a truck 
loading facility for off-site disposal. 
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Centrifuge thickening and dewatering is a high-speed process that uses the force from 
rapid rotation of a cylindrical bowl to separate wastewater solids from liquid. A high-speed 
centrifuge creating “G” forces in the range of 2,500 to 2,800 is producing a sludge cake of 
approximately 25 percent. Solids capture is slightly better for operating centrifuge systems 
than belt press operations. Electrical power load per machine is substantially higher with 
centrifuges, but this is largely offset by the following advantages: fewer number of operating 
machines required with centrifuges, less foul air ventilation horsepower required since 
centrifuge room air does not usually need foul air treatment, and cheaper hauling costs due 
to a higher percentage of solids. The City currently uses one centrifuge. The City is in the 
process of installing two additional centrifuges that will relegate the existing belt presses to 
standby status. Table 1.3 presents the dewatering facilities criteria. 

Table 1.3 Sludge Dewatering Facilities Criteria 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 

Dewatering Belt Presses  

Number 2 duty 

Belt Width (meters) 2 

Dewatered Cake Solids Concentration, % 16 

Solids Capture (%) 95 

Feed Rate (average), gpm 120 

Belt Press Feed Pumps  

Number 2 

Type Variable Speed, Progressive Cavity 

Capacity, gpm 250 

Polymer System  

Polymer Bulk Transfer Pumps  

Number 1+1 

Type Constant Speed, Progressive Cavity 

Capacity, gpm 10 (20 to 50% solution) 

Polymer Recirculation Pump  

Number 1 

Type Constant Speed, Progressive Cavity 

Capacity, gpm 10 (20 to 50% solution) 
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Table 1.3 Sludge Dewatering Facilities Criteria 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Value 

Polymer Solution Transfer Pumps  

Number 1 duty +1 standby 

Type Constant Speed, Progressive Cavity 

Capacity, gpm 140 

Polymer Solution Feed Pumps  

Number 1 duty +1 standby 

Type Variable Speed, Progressive Cavity 

Capacity, gpm 4 to 25 

Storage Tanks  

Type Fiberglass 

Numbers 2 

Diameter, feet 10 

Nominal Capacity, gallons 6,000 

Centrifuge  

Number 1 

Feed rate (average), gpm 200 

Dewatered Cake Solids Concentration, % 25 

Solids Capture (%) 96 

1.3.4 Solids Disposal 

The RWQCP currently produces "Class B" sludge. The RWQCP avoids on-site solids 
storage to reduce odors. Fleet transportation services sends trucks to the RWQCP daily to 
pick up the dewatered sludge and haul it to alfalfa and cotton farms in Arizona as soil 
amendment. According to the City, it fills about five trailers a day, averaging about 
73,000 pounds each. In an emergency, solids are stored on the ground in the old sludge 
drying beds; otherwise, the plant must be shut down.  
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Chapter 2 

SUMMARY OF PLANNING STUDIES 

2.1 PURPOSE 
The purpose of this chapter is to summarize the findings and recommendations from the 
2003 Bio-Solids Handling Improvements report (2003 Report) that was completed for the 
City of Riverside (City) Regional Water Quality Control Plant (RWQCP) biosolids facilities. A 
copy of the report is included as Appendix A. 

The 2003 Report includes descriptions of the RWQCP facilities at the time of study, while 
Volume 8, Chapter 1 - Existing Facilities, includes the facilities that the RWQCP currently 
has. A few changes have been observed since the 2003 Report, such as an installed 
centrifuge and discontinued usage of the sludge-drying beds. 

While the 2003 Report included design criteria and evaluations of several biosolids 
management/processes as listed in Section 2.3, this master plan only includes the design 
criteria (Volume 8, Chapter 3 - Design Criteria) and evaluations of the thickening and 
digestion processes. The design criteria included in this master plan have been updated to 
meet the new planning period requirement. 

2.2 OBJECTIVES OF THE 2003 REPORT 
The following are the stated objectives of the 2003 Report: 

1. To develop and to recommend necessary process improvements to treat wastewater 
solids removed for average dry weather wastewater flows of up to 40 mgd.  

2. To provide space planning for facilities up to 50 mgd.  

3. To provide the planning level costs for the recommended improvements.  

4. To recommend project phasing and scheduled implementation of improvements. 

2.3 ORGANIZATION OF THE 2003 REPORT 
The 2003 Report consists of 11 chapters. Chapter 1 presented the recommended system. 
Chapters 2 and 3 provided the planning level cost for the recommended facilities and a 
recommended schedule for implementation of improvements. There were total of seven 
Technical Memoranda (TMs), which were prepared to evaluate options for handling 
wastewater solids production from the RWQCP for an ultimate plant capacity of 50 mgd. 
These TMs were included as part of the 2003 Report as Chapters 4 to 11. The titles of 
these seven chapters are listed as follows: 

• Chapter 4: TM No. 1 - Solids Projections and Thickening Evaluation. 
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• Chapter 5: TM No. 2 - Digestion Options.  

• Chapter 6: TM No. 3 - Heat Energy Options.  

• Chapter 7: TM No. 4 - Dewatering and Air Drying Options.  

• Chapter 8: TM No. 5 - Heat Drying Options. 

• Chapter 9: TM No. 6 - Composting Options. 

• Chapter 10: TM No. 7 - Side Stream Treatment Options. 

• Chapter 11: TM No. 8 - Evaluation of Options. TM No. 8 evaluated all the options 
discussed in the seven TMs described above and developed a recommended system 
including a preliminary estimate of capital costs. 

Summaries of Chapters 4 through 11 are provided in the following Sections.  

2.4 CHAPTER 4: TM NO. 1 -  
SOLIDS PROJECTIONS AND THICKENING EVALUATION 

This chapter discussed the evaluation of the RWQCP process performance and developed 
raw solids projections. It also discussed the raw solids thickening practices. 

2.4.1 Objectives 

The following objectives were addressed in this chapter of the 2003 Report: 

1. Reviewed the plant sludge production and solids system operational data. 

2. Confirmed the solids production at the time of the study. 

3. Estimated the design flow of solids quantities for 40- and 50-mgd average raw 
wastewater influent flow and determined average, peak month, and peak day 
quantities. 

4. Evaluated the thickening performance and assessed long-term improvement options 
for solids thickening. 

2.4.2 Summary and Recommendations 

At the time of the study, the RWQCP’s raw solids processing facilities consisted of two 
Dissolved Air Flotation Thickeners (DAFTs). Chapter 4 provided a description of the 
equipment, which is also described in Volume 8, Chapter 1 - Existing Facilities, of this 
Master Plan.  

The chapter also presented solids projections for the 40- and 50-mgd flow conditions. 
These are summarized below in Table 2.1. 
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Table 2.1 Solids Projections(1)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 
 Average Primary Sludge Average Raw WAS 

40 mgd 
TSS 1,000 lbs/day 39 35 
VSS 1,000 lbs/day 32 28 
Flow, mgd 0.12 0.61 

50 mgd 
TSS 1,000 lbs/day 49 44 
VSS 1,000 lbs/day 40 35 
Flow, mgd 0.15 0.76 

Peak Daily Factors 
Solids 2.2 1.4 
Flow 2.0 1.4 

Notes: 
(1) Table taken from Table 3 of TM No. 4 of the 2003 Report. 

A comparison of DAFT solids loading for Waste Activated Sludge (WAS) thickening and 
co-thickening was included in the evaluation. Design criteria for these evaluations were 
described in the 2003 Report and can be found in Volume 8, Chapter 3 - Design Criteria, of 
this Master Plan. For the evaluation, it was assumed that the thickening system must be 
able to handle average daily loading with one unit out of service and a peak daily loading 
with all units in service. 

Based on the evaluation, two additional DAFTs are required for both thickening options, two 
39-foot DAFTs for WAS thickening or two 44-foot DAFTs for co-thickening, to handle the 
solids produced at the ultimate flow of 50 mgd. There are advantages in using 
co-thickening, such as increased digester detention time and production of a thicker sludge 
feed to the digester. A list of advantages and disadvantages of co-thickening can be found 
in Chapter 4. 

Details of implementing either thickening system need to be developed in the design phase. 
The performance of the thickening process ties to the size and performance of the digestion 
process. As a result, the thickening process was further discussed in Chapter 5.  

A list of equipment and process improvements, which were based on site visits made 
during the time of study, were recommended to improve DAFT plant performance. These 
are listed below: 

1. Add a submerged weir for influent solids distribution and better float control. 

2. Add turbidity monitoring on subnatant to better control capture efficiency. 
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3. Add a high-level switch, high-level alarm, and solenoid valve to prevent the 
pressurization tank from becoming water logged. 

4. Replace the existing manually operated valve with an automatic air-operated 
throttling valve with flow controller and flow. 

5. Resize the polymer storage and feed systems to closely match the required polymer 
usage. 

6. Replace the bottom sludge removal system. 

2.5 CHAPTER 5: TM NO. 2 -  
EVALUATION OF DIGESTION OPTIONS 

This chapter evaluated the different digestion options including Mesophilic Digestion, 
Temperature-Phased Digestion (TPAD), and Class A TPAD.  

2.5.1 Objectives 

The following objectives were addressed in Chapter 5 of the 2003 Report: 

1. Define digestion options using existing tankage at the RWQCP. 

2. Define process schematics, key piping/equipment needs and estimated performance 
benefits of the top two options in terms of volatile solids destruction, gas production, 
dewatering impacts, recycle impacts, and product odor. 

3. Define capital costs for the two options evaluated. 

The process objectives for this study were to maximize solids destruction, increase gas 
production, minimize odor impacts, and consider Class A product requirements as defined 
by EPA 40 CFR Part 503 regulations. 

2.5.2 Summary and Recommendation 

The anaerobic digestion process consists of five digesters (Digester Nos. 1 to 5) ranging 
from 0.603 to 1.8 million gallons in size. Only the two biggest digesters are in service. A 
description of the existing anaerobic digestion equipment was included in the chapter.  

A brief description of each proposed alternative (Mesophilic Anaerobic Digestion, 
Thermophilic Anaerobic Digestion, Temperature-Phased Digestion, and Acid/Gas-Phased 
Digestion) was included in the report. Both Thermophilic Anaerobic Digestion and 
Acid/Gas-Phased Digestion were dropped from further consideration due to their potential 
to cause odor problems. 

A projection was made of the thickened solids loading at 40 and 50 mgd. Table 2.2, 
(information taken from Table 2 of the chapter) lists the design solids and hydraulic loading. 
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Table 2.2 Design Solids and Hydraulic Loading(1)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 
Primary and 

WAS Flow, mgd
Co-Thickened 

Flow, mgd 
TSS, 

lbs/day
VSS, 

lbs/day
Design Loading - 40 mgd     

Average 0.26 0.22 101,191 81,491
Peak 2 Week 0.37 0.31 141,667 114,087

Design Loading - 50 mgd 
Average 0.33 0.47 126,489 101,864
Peak Day 0.47 0.39 177,084 142,609

Notes: 
(1) Table taken from Table 2 of TM No. 5 of the 2003 Report. 

Design criteria for Mesophilic and TPAD were described in Chapter 5 of the 2003 Report.  

The chapter included a discussion of each evaluated option, Mesophilic and TPAD. The 
additional required tankage was determined based on the existing facility and the design 
criteria. This was heavily dependant on the choice of thickening method. For this reason the 
additional required tank volumes were determined for both thickening choices (refer to 
Table 2.3).  

Table 2.3 Additional Digester Volume Requirements(1)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Digester Option 
Separate 

Thickening Co-Thickening
Mesophilic System   

Additional Vol. Required, MG, Peak 2 Week 1.92 0.71 
Additional Vol. Required, MG, Avg. Without Digester No. 4 2.72 1.68 
Number Required 2 1 
Depth, feet 32 32 
Diameter Required, feet 85 95 

Temperature-Phased System   
Thermophilic Digestion Phase   
Additional Vol. Required  None None 
Mesophilic Digestion Phase   
Additional Vol. Required, MG, Peak 2 Week 2.4 0.5 
Additional Vol. Required, MG, Avg. Without Digester No. 4 2.36 1.74 
Number Required 2 1 
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Table 2.3 Additional Digester Volume Requirements(1)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Digester Option 
Separate 

Thickening Co-Thickening
Depth, feet 32 32 
Diameter Required, feet 79 94 

Notes: 
(1) Information extracted from Table 4 of the 2003 Report. 

The same number and sizes of additional digesters would be required for both the TPAD 
and the mesophilic system for either thickening option. This means that the new facilities 
would have the flexibility to operate in either TPAD or in mesophilic mode. These new 
digesters would be constructed in the open area adjacent to the cogeneration facility behind 
Digester Nos. 1 and 2. 

In order to meet Class A pathogen reduction requirements, thermally treated biosolids from 
the RWQCP must be subjected to one of the two temperature regimes that are applicable 
to the plant. For solids concentrations less than 7 percent, biosolids must be heated for at 
least 15 seconds, but less than 30 minutes, or the temperature of sludge must be 
50 degrees C or higher with at least 30 minutes of contact time. Another key ingredient to 
meeting Class A facility requirements is there must be no possibility of short-circuiting. This 
is typically achieved by operating under batch mode. Additional tankage (i.e., thermophilic 
batch tanks) would be required if the RWQCP wants to achieve Class A TPAD. 

Construction and capital costs for the new thickening and digestion alternatives were 
estimated and described in the chapter. The estimated capital cost for the co-thickening 
option was more expensive then the separate thickening option.  

As discussed earlier, the required additional digestion facilities are heavily dependent on 
the thickening option. A present-worth cost analysis was included to evaluate the economic 
impact on the thickening and digestion system, for both thickening options, taking into 
account the required mesophilic digester facilities needed to support the respective option. 
The present worth cost for the WAS only thickening (with Mesophilic Digestion, based on a 
planning period of 20 years and with a 3 percent discount, rate) was less expensive than 
the co-thickening option. A life-cycle cost analysis showed that the TPAD and the 
Mesophilic Digestion options were nearly equal. Based on this information, the study 
recommended the continued operation of Mesophilic Digestion. 

The study recommended implementation of additional DAFT facilities to continue separate 
thickening of primary sludge and WAS with DAFTs, based on the present worth analysis. It 
recommended installation of one new 50,000-gallon thickened solids blending tank and two 
32-foot deep, 90-foot diameter digesters to match Digester Nos. 1 and 2. Conversion to 
TPAD could be considered in the future. 
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2.6 CHAPTER 6: - TM NO. 3 -  
HEAT ENERGY OPTIONS 

This chapter discussed the additional heat required and the changes in gas production due 
to the changes to the RWQCP solids processing operation. It also evaluated the different 
heating and energy options for the proposed solids system modifications. 

2.6.1 Objectives 

The objectives of this chapter, as stated in the 2003 Report, are listed below: 

1. Reviewed the design and operational information of the existing facilities. 

2. Reviewed the existing digester gas and the landfill gas (LFG) system and gas 
characteristics. 

3. Defined the plant heating needs, including digestion changes. 

4. Reviewed applicable air quality limitations. 

5. Defined and evaluated options for meeting the future RWQCP heat needs and energy 
performance requirements. 

2.6.2 Summary and Recommendations 

2.6.2.1 Existing Conditions 

A summary of existing conditions in regards to the heating and energy system at the 
RWQCP was included in the chapter. The RWQCP’s cogeneration system converts the fuel 
energy in the digester gas, LFG, and natural gas into electricity and heat energy. Each 
cogeneration engine is cooled by water circulating through the engine cylinder jacket, and 
this hot engine jacket water is used to heat the RWQCP together with heat recovered from 
the hot engine exhaust gases. 

Table 1 in Chapter 6 of the 2003 Report summarized the digester gas flow rates and 
projected flow rates from 1991 to 2025. The energy value for the mesophilic digesters 
ranged from 6.5 million Btu/hour (MMBtuh) in 1991 for a flow of 28.5 mgd to 19.4 MMBtuh 
in 2025 for a flow of 50 mgd. The projected energy from TPAD for 2025 is 23.3 MMBtuh. A 
summary of the gaseous fuels the RWQCP receives and burns was included in the study. 
This included the digester gas, natural gas, and LFG. 

2.6.2.2 Heating and Cooling System and Equipment 

The three Caterpillar cogeneration engines use about 34 MMBtuh of energy, of which 
3.5 MMBtuh of jacket water heat and about 8.3 MMBtuh of engine exhaust heat are 
recovered and available for use. The RWQCP also has several hot water boilers that have 
a little over 15 MMBtuh of heating capacity. It also has a steam generator with unknown 
heating capacity for steam cleaning purposes. The RWQCP heating system is 
interconnected with the laboratory chilled water system, which uses a nominal 150-ton 
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absorption chiller that is “powered” by heating water from the cogeneration system. This 
absorption chiller requires heat at the highest possible temperature in order to function. This 
requirement forces the heat loop to deliver 190- to 200-degree Fahrenheit hot water. 

The RWQCP is within the jurisdiction of the South Coast Air Quality Management District 
(SCAQMD). The cogeneration engines are subjected to emissions limits as shown in 
Table 2.4. 

Table 2.4 Emission Limits for Existing Cogeneration Engines(1) 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Air Contaminant Emission Limit, lbs/hour each 
Reactive Hydrocarbons 2.1 
Nitrogen Oxide, as NO2 2.3 
Sulfur Dioxide 0.4 
Carbon Monoxide 8.0 
PM10 Particulate Matter 1.0 
Notes: 
(1) Information extracted from Table 6 of the 2003 Report. 

The engines are equipped with a continuous emission monitoring system, to ensure 
compliance with the NOx emissions limit. 

2.6.2.3 Projected Heat Needs 

The chapter showed that implementation of the TPAD options, as discussed in the previous 
chapter, would make maximum usage of the available heat produced by the cogeneration 
facility. As recommended, the projected additional heat required for the new sludge 
digestion system was estimated to be about 25 MMBtuh for raw sludge heating, with 
another 2 MMBtuh required for mesophilic digester shell heat losses and 2 MMBtuh 
required for thermophilic digester and sludge holding tank shell heat losses. The engines 
can provide only up to a maximum of 12 MMBtuh of heat, leaving 17 MMBtuh short. 

Nine heat production options were evaluated and they are listed below: 

1. Recovering engine after cooler heat. 

2. Replacing the Laboratory Building absorption chiller. 

3. Adding engine exhaust after-burners. 

4. Adding more boilers. 

5. Adding compressor heat recovery. 

6. Recovering digester sludge heat. 

7. Using water-source heat pumps. 

February 2008 2-8 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 08\Ch02.doc 



8. Adding a solar hot water heating system. 

9. Adding natural gas-fired fuel cells. 

Of the nine options, only Option 4: addition of boilers and Option 6: digester sludge heat 
recovery were deemed promising and attractive options. The estimated construction cost 
for each heat production option was very similar, $3.58 million for Option 4 and 
$3.92 million for Option 6. The estimated annual Operation and Maintenance (O&M) cost 
for the sludge heat recovery option, however, was only one third the cost of the additional 
boilers option. Therefore, the study recommended implementation of the sludge heat 
recovery option. 

2.7 CHAPTER 7: TM NO. 4 - 
DEWATERING AND AIR DRYING OPTIONS 

Chapter 7 discussed the evaluation of belt press and centrifuge dewatering options to 
handle the anaerobically digested solids. It also included a discussion on the sludge-drying 
beds, which the RWQCP has since phased out due to odor problems. 

2.7.1 Objectives 

The objectives of this chapter, as stated in the 2003 Report, are listed below: 

1. Reviewed performance and operational data of the existing dewatering equipment at 
the time of the study. 

2. Assessed dewatering improvements/options in light of thickening and digestion 
options.  

3. Evaluated improvements to air-dried storage to address wet weather storage needs, 
air-dried product uses, and Class A sampling issues. 

4. Defined capital costs for dewatering and air-dried storage. 

2.7.2 Summary and Recommendations 

2.7.2.1 Existing Dewatering and Sludge-Drying Facilities 

This chapter included a description of the existing dewatering facilities and the 
Sludge-Drying Facilities at the time of the study. The RWQCP has discontinued the use of 
the 29 sludge-drying beds due to the continuous odor problems. The RWQCP had two 
2.2-meter Andritz SMX belt presses with an average capacity of 120 gpm each and a peak 
capacity of 220 gpm each, at the time of the study. The biosolids material was considered 
to be Class B product at the time of the study. 
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The following digested sludge characteristics were anticipated based on the thickening and 
digestion performance: 

1. Depending on the specific thickening and digestion process, a total solids content of 
between 1.9 and 3.2 percent. 

2. Depending on the specific digestion option used, a volatile solids content of 62 to 
67 percent. 

The anticipated digester sludge flow rates (based on 5 days/week, 16 hours/day operation) 
for the ultimate plant size of 50 mgd for the two thickening options were: 

1. Separate Thickening - average flow of 477 gpm and a peak 2-week flow of 667 gpm. 

2. Co-Thickening - average flow of 402 gpm and a peak 2-week flow of 563 gpm. 

2.7.2.2 Dewatering Options 

The two dewatering options considered in the study were the Andritz SMX belt presses and 
high-speed centrifuges. A centrifuge dewaters to a higher solids content than a belt press, 
but the electrical power load per machine is substantially higher with a centrifuge. Fewer 
numbers of operating machines and less foul air ventilation horsepower, however, would be 
required with centrifuges. Performance data for each option was included in Table 2 of the 
report. 

A cost and non-cost assessment for two dewatering options was included:  

• Option 1: 
Refurbished and new belt presses. 

• Option 2: 
All centrifuge dewatering. 

Based on the performance data and the dewatering design criteria, a total of five belt 
presses (two new, two existing, plus one spare) or three centrifuges (two operating and one 
spare) would be required.  

Layout and configuration of each option was provided in the chapter. Both options would 
require an addition to the west side of the existing dewatering building. 

The study also concluded that if centrifuges were used, the centrifuge dewatered cake has 
to be sent to heat drying facilities or taken off-site for land application, because odor from 
air-drying digested centrifuge biosolids is expected to be considerably greater than air 
drying of belt press cake. 

The recommendation called for upgrading the two existing belt presses and installing one 
centrifuge for 40 mgd. Installation of two additional centrifuges was recommended for 
50 mgd. Heat-drying capacity would be provided for centrifuge-dewatered cake. 
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2.7.2.3 Sludge-Drying Bed Improvements 

Sludge-drying bed improvements were discussed in the chapter, but since sludge-drying 
beds have since been phased out, these are not described in this report. 

2.8 CHAPTER 8: TM NO. 5 -  
HEAT DRYING OPTIONS 

This chapter discussed the different heat-drying options to ensure that the RWQCP 
biosolids meet Class A biosolids quality and allow for phasing out of the sludge-drying 
beds.  

2.8.1 Objectives 

The objectives of this chapter, as stated in the 2003 Report, are listed below: 

1. Identified heat-drying vendor systems, including systems that were lower-cost and 
may not produce commercial grade granules or pellets. 

2. Summarized product beneficial use markets. 

3. Prepared schematics, equipment sizing and layouts, as well as heat/energy 
requirements for drying. Identified heat source options and costs. 

4. Defined air emission and odor control limitations and provided necessary control 
equipment. 

5. Determined condensate characteristics and recycle impacts. 

6. Developed a cost estimate for an alternate capacity/size of a thermal-drying system to 
replace the sludge-drying beds. 

2.8.2 Summary and Recommendation 

Drying systems are categorized into “direct” or “indirect” dryers, in which direct dryers 
normally use heated air as a heating source, and indirect dryers use steam or hot oil as a 
heating source. The dry product from the dryer is generally valued based on its nitrogen 
content for use as a fertilizer amendment. It is important to minimize the temperature and 
moisture content of the final product, as well as the oxygen content in the air/gas that is in 
contact with the heat-dried product to prevent auto-heating. The exhaust air stream 
organics from the sludge would also need to be controlled to limit the concentrations of air 
contaminants. 

Eight heat-drying systems (a mixture of direct and indirect systems) were described in the 
chapter. Five of these systems were well suited for plants that are at least the RWQCP 
size, and their final products were all pellet or granules of uniform size. However, these 
systems would cost tens of millions of dollars for handling the RWQCP drying needs.  
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The remaining three systems were more economical, but would produce a less uniform and 
contain a much larger variety of particle size in the finished products. These three options 
were:  

1. Fenton. 

2. InnoDry.  

3. Komline-Sanderson processes.  

The chapter included detailed descriptions of the systems. 

The Fenton dryer runs in batch operation and has a capacity of 13.7 cubic-yards per batch 
(cu-yd/batch), while the InnoDry and Komline-Sanderson are continuous-feed dryers and 
both have a capacity of 10 dry tons per day (dtpd). The Fenton dryer requires the most heat 
energy (1,600 Btu/lb of water), while the Komline-Sanderson dryer requires the least energy 
(1,130 Btu/lb). Based on these energy requirements, it would take approximately 1.5 to 
2.2 million Btu of heat to dry a wet ton of 20-percent solids sludge to a 90-percent dry 
product.  

All three sludge dryers required use of a hot oil or thermal fluid to indirectly heat the sludge. 
The temperature requirement for the hot oil is about 340 to 420 degrees Fahrenheit. 
Compared to the hot water heat recovery potential from the RWQCP cogeneration system 
(modifications can be made to increase the cogeneration system heating water to 
200 degrees Fahrenheit), the hot oil temperature is much higher.  

For the study in this chapter, it was assumed that a portion of the cogeneration heat would 
be used to warm the oil heater burners’ combustion air, thus, reducing the amount of 
natural gas fuel needed. 

A list of dryer system components was included in the chapter, as well as the sludge dryer 
auxiliary systems for all three options. 

The RWQCP heat-drying alternatives criteria and costs were estimated, based on the 
projected dewatered sludge production and each of the alternatives drying capacity. The 
number of heat dryers required depended on the type of operation (7 days versus 5 days a 
week). Table 2.5 lists the heat-drying criteria and capital cost estimates. 

The estimates showed that both capital and life-cycle costs for all three systems were very 
similar. The study suggested that the initial heat-drying facility would not need to include all 
the units as shown above. It suggested that the installation be split into two phases where 
Phase 1 assumed a combination of belt press and centrifuge dewatering and Phase 2 
assumed all centrifuge dewatering and complete phase out of the sludge-drying beds.  
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Table 2.5 Heat Drying Criteria and Capital Cost Estimate (50-mgd Facility)(1) 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
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City of Riverside 

Process Design Criteria Fenton InnoDry Komline-Sanderson 

No. of units (7-day operation) 5 3 3 

No. of units (5-day operation) 6 4 4 

Average evaporation capacity, lb/hr (7-day operation) 6,157 6,157 6,157 

Average evaporation capacity, lb/hr (5-day operation) 8,620 8,620 8,620 

Peak evaporation capacity, lb/hr (7-day operation) 7,697 7,697 7,697 

Peak evaporation capacity, lb/hr (5-day operation) 10,775 10,775 10,775 

Total Capital Costs $19,860,000 $20,970,000 $15,510,000 

Total 20 Year Life-Cycle Cost in 2002 Dollars (4% interest) $20,770,000 $17,330,000 $15,510,000 

Notes: 
(1) Information extracted from Table 3 of TM No. 5. 

 



 

2.9 CHAPTER 9: TM NO. 6 -  
COMPOSTING OPTIONS 

This chapter evaluated the composting option as a solids treatment alternative to produce 
Class A biosolids. The study evaluated two enclosed processes: aerated static pile and 
in-vessel composting.  

2.9.1 Objectives 

The objectives of this chapter, as stated in the 2003 Report, are listed below: 

1. Defined biosolids composting arrangements and costs. 

2. Defined green waste quantities and characteristics available for composting. 

3. Developed alternative composting arrangements, schematics, and layouts, providing 
fully-contained and fully-controlled systems for odor control. 

4. Developed construction and capital cost estimates for alternative composting 
systems. 

2.9.2 Summary and Recommendations 

The primary objectives of composting systems are to destroy pathogenic organisms and to 
reduce moisture of the sludge to around 40 to 50 percent. Composting also stabilizes the 
organic wastes in the biosolids and produces a stable, manageable, and marketable end 
product. 

The primary feedstocks to a composting system are the dewatered biosolids and bulking 
agents such as woodchips or green waste. The bulking agents adjust the carbon to nitrogen 
ratio (C:N) of the mixture and provide the structure and porosity required to allow adequate 
air movement throughout the mixture. The bulking agents also increase the surface area for 
biological reactions to occur.  

As mentioned earlier, the two alternatives considered for evaluation were Aerated Static 
Pile Composting and In-Vessel Composting. Detailed descriptions of each alternative were 
included in the chapter.  

The study estimated that the RWQCP produces an average of 80 wet tons/day of biosolids 
and about 125 tons/day of green waste, which are available for composting. Based on 
these estimations, a composting facility with an operating capacity of 40 wet tons/day of 
biosolids is feasible. Both composting processes are capable of handling this feed rate. The 
advantages and disadvantages were described in the chapter.  

The study recommended the use of the In-Vessel process based on the proven track record 
and its adaptability to enclosed composting. The estimated space requirement for the 
composting facility was 4.9 acres, which included a process area, curing area, and biofilter 
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areas. The estimated total capital cost (including odor control for the entire building and 
composting ventilation) was approximately $34.8 million.  

The study concluded that composting was a possible solution for recycling biosolids and 
green waste for the RWQCP. However, due to the high costs and amount of labor involved 
in the composting process, it should only be considered to supplement other solids handling 
alternatives rather than be designed to handle the entire solids production at the RWQCP. 

2.10 CHAPTER 10: TM NO. 7 - 
SIDE STREAM TREATMENT OPTIONS 

This chapter documented the evaluation of side stream treatment options, which would 
reduce the oxygen demands in the activated sludge process by treating the dewatering 
process liquid separately.  

2.10.1 Objectives 

The objectives of this chapter, as stated in the 2003 Report, are listed below: 

1. Reviewed recycle stream treatment technology.  

2. Provided preliminary sizing criteria and costs for the selected alternative. 

3. Developed a process schematic and equipment needs for the side stream treatment 
alternative. 

2.10.2 Summary and Recommendations 

Six alternatives were evaluated for the side stream treatment. These included: 

1. Steam Stripping: 
Involves passing the filtrate through a stripper containing mass transfer media and in 
contact with steam. 

2. Activated Sludge Process: 
A conventional activated sludge plant built specifically to treat the side stream flow. A 
low SRT can be used due to the warm temperature of the waste stream. 

3. Short SRT Process: 
Similar to conventional activated sludge process, but with an additional feature. The 
waste nitrifying sludge from this process is added to the effluent from the process and 
returned back to the mainstream process, which accelerates the nitrification process 
in the mainstream process. 

4. SBR Process: 
A variant of the activated sludge process, where both aeration and settling are 
provided in a single tank. 
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5. SHARON Process: 
An activated sludge process operating at an elevated temperature. The process 
operates without a clarifier, thus all solids formed pass on into the effluent, which 
must be returned to mainstream process for further treatment. The nitrification stops 
at the formation of nitrite, which requires less oxygen. 

6. Trickling Filter: 
This process has been used for nitrification of side streams and in this application 
would require a high degree of solids removal to prevent coating onto the biofilm 
surface, which might displace the nitrifiers. 

The study compared the advantages and disadvantages of the six technologies and 
recommended the use of a conventional activated sludge process since it would make the 
best usage of the available tankage at the RWQCP. It would incorporate flexibility into the 
design to allow operation in either “Short SRT” or SHARON process modes.  

The following lists the major design assumptions/requirements that are necessary to 
convert the existing tankage to an activated sludge facility for side stream treatment: 

1. All available tankage would be necessary to accomplish nitrification. 

2. No reactor volume is available for denitrification. 

3. Old secondary clarifiers have sufficient structural integrity to level the floors to support 
diffuser installation. 

4. One of the old secondary clarifiers would be converted to its original duty with the 
addition of a new mechanism. 

5. DO control for both air modulation and pH control for pacing the caustic addition 
would be required. 

6. For the short SRT process, waste nitrified sludge piping is needed for both 
combinations with the main plant’s waste sludge and for addition to the mainstream 
plant’s influent.  

7. For the SHARON process, provisions for bypass of the secondary clarifier would be 
required. 

8. Return sludge pumping would be upgraded to have variable speed capability and be 
designed for 100 percent of average daily flow. 

The estimated capital cost for the side stream recycle treatment facilities was $6.4 million 
for reusing existing structures and $6.9 million to demolish the existing structures and build 
new facilities. Table 2.6 lists the preliminary design data for the centrate treatment facility, 
as presented in the chapter. 
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Table 2.6 Preliminary Centrate Treatment Facility Design Criteria(1) 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Item Value 
Average Future Centrate Loadings 

Flow, mgd 1.08 
Ammonia Nitrogen, mg/L 560 
Assumed Daily Load Peaking Factor 1.5 

Centrate Clarifier 
Number 1 
Diameter, feet 40 
Sidewater Depth, feet 10 
Average Surface Overflow Rate, gpd/sf 680 

Aeration Tank Volume 
Number 3 
Volume, mil gallons/each 0.375 
Sidewater Depth, feet 10 
Aerobic SRT, days 5 
MLSS, mg/L 900 to 3,700 
DO Control, mg/L  2.0 
Average/Peak Air Requirement, scfm 12,600/19,000 
Number of Blowers (variable speed) 3 
pH Control, units 7.2 to 8.0 
Average Causing Requirement, gpd/50% soln. 4,400 
Min. Storage Requirement, based on 14 days, gal 62,000 

Secondary Clarifier 
Number 1 
Diameter, feet 80 
Sidewater Depth, feet 10 
Average Surface Overflow Rate, gpd/sf 210 
Return Sludge Capacity, mgd 1 
Number RAS Pumps 1 duty + 1 standby 

Notes: 
(1) Information extracted from Table 2 of the 2003 Report. 

February 2008 2-17 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 08\Ch02.doc 



 

2.11 CHAPTER 11: TM NO. 8 - 
EVALUATION OF OPTIONS 

This chapter summarized and evaluated the recommendations from the previous chapters 
and developed recommended solids handling process facilities for the RWQCP. It also 
provided a preliminary estimate of capital costs. 

2.11.1 Objectives 

The objectives of this chapter, as stated in the 2003 Report, are listed below: 

1. Reviewed and compared options presented in the previous chapters. 

2. Recommended facilities including immediate improvements needed to address 
capacity problems, as well as phasing options for facilities up to 40 mgd. 

3. Developed costs for the recommended facilities and improvements. 

2.11.2 Summary and Recommendations 

The chapter recapped the RWQCP existing facilities and the treatment plant’s capacity at 
the time of the study. As stated above, it also summarized the evaluations and 
recommendations from each of the previous chapters. A brief summary of the 
recommendations of each chapter is listed below: 

1. Thickening Process: 
The study recommended construction and conversion to co-thickening, addition of a 
new DAFT to be constructed for co-thickening, and retrofit of the other existing 
DAFTs to be part of the co-thickening system. 

2. Digestion Options: 
The chapter evaluated two options: 
Mesophilic Digestion and TPAD. It recommended continued operation of Mesophilic 
Digestion based on the similar life-cycle cost of both options. TPAD could be 
considered at a later date. 

3. Heat Energy Usage Options: 
Since TPAD was not recommended; there is enough heat energy to continue to 
operate the digesters in the mesophilic mode. A shortfall of heat from cogeneration 
was predicted when the plant is operated at 50 mgd. The shortfall could be provided 
by adding a new boiler or replacing the absorption chiller with an electric chiller. 
About 2 to 4 MMBtuh of surplus heat would be available to warm the oil before it is 
brought up to the necessary heat-drying temperatures. 

4. Dewatering and Sludge-Drying Bed Options: 
The chapter recommended the use of centrifuges to supplement belt press 
dewatering to provide for additional dewatering capacity. Ultimately three new 
high-capacity (200-gpm) centrifuges would be needed to provide sufficient capacity 
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with adequate redundancy. It also recommended that the sludge-drying beds be 
phased out and replaced with heat-drying. 

5. Heat-Drying Options: 
Three indirect drying systems were evaluated. The costs of all three systems were 
similar. The study recommended implementing heat-drying facilities and further 
evaluation during final design. 

6. Composting Options: 
Composting requires significant odor control and it is a labor and land intensive 
process; therefore it was not recommended for the RWQCP. 

7. Side Stream Recycle Treatment: 
The study recommended the use of conventional activated sludge, using the four old 
sedimentation tanks and one gravity thickener as the process tankage. The City 
decided at a review meeting not to implement this process.  

The chapter developed options for the solids handling facilities expansion in two phases, 
Phase 1 for 40 mgd and Phase 2 for 50 mgd. The list of recommended facilities and 
improvements can also be found in Chapter 1 - Recommended System of the 2003 Report. 
The total capital cost for Phase 1 was estimated to be $26.8 million and $32 million for 
Phase 2. A site plan for the ultimate 50-mgd facilities was also included in the report. 

February 2008 2-19 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 08\Ch02.doc 



 

Appendix A 
BIO-SOLIDS HANDLING IMPROVEMENTS FINAL REPORT 
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Chapter 3 

DESIGN CRITERIA 

3.1 PURPOSE 
The purpose of this chapter is to summarize the design criteria for the solids handling 
facilities for the City of Riverside (City) Regional Water Quality Control Plant (RWQCP). 
This chapter serves as a basis for the solids handling alternative evaluations. 

3.2 EXISTING SOLIDS HANDLING FACILITIES 
The RWQCP is a tertiary wastewater treatment plant that currently treats approximately 
33 mgd. Existing solids handling processes include: primary sludge thickening within 
primary sedimentation basins, Dissolved Air Flotation Thickening (DAFT) of Waste 
Activated Sludge (WAS), mesophilic anaerobic digestion, and belt-filter presses and 
centrifuges for dewatering.  

3.3 SOLID HANDLING ALTERNATIVES 
The following is a list of solids handling alternatives to be evaluated for this master plan. 
This list was approved by the City at the July 2006 kick-off meeting: 

1. Primary Thickening: 
a. Gravity Thickeners. 
b. Gravity Belts. 
c. Rotary Drum Thickeners. 
d. Co-Thickening. 

2. WAS Thickening: 
a. Centrifuges. 
b. Rotary Drum Thickeners. 
c. Gravity Belts. 
d. Co-Thickening. 

3. Digestion: 
a. Mesophilic Anaerobic. 
b. Acid-Phase Anaerobic. 

4. Dewatering: 
a. Belt Presses (existing). 
b. Centrifuges (selected previously for expansion). 
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The City has stated during the kick-off meeting that they do not want to continue the use of 
in-tank thickening for primary sludge, as the City wants to improve the primary solids 
content to lower the digester feed flow rate. In addition, the City would like to explore other 
alternatives besides DAFTs for the WAS thickening option. 

3.4 SOLIDS PROJECTION  
Solids projections were made for an average daily flow of 52 mgd. Table 3.1 summarizes 
the solids projections, which are based on current future levels of treatment. 

Table 3.1 Solids Projections 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Primary Sludge WAS 

Solids, lbs/day 103,000 118,000 

Feed Solids Concentration, % 1.5 0.6 

Flow, mgd 0.82 2.36 

VSS, % 81 85 

3.5 DESIGN CRITERIA 

3.5.1 Co-Thickening 

The following information was used to develop the process design and unit sizing for the 
rest of the unit processes considered for the RWQCP expansion. Table 3.2 lists the primary 
sludge thickening design criteria, Table 3.3 lists the WAS thickening design criteria, and 
Table 3.4 lists the digestion design criteria.  

Table 3.2 Design Criteria for Primary Sludge Thickening 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Values 

Gravity Thickeners  
Mass Loading Rate, lbs/sf/day 20 to 40 

Hydraulic Loading Rate, gpd/sf 380 to 760 

Solids Retention Time, days 1 to 2 

Side Water Depth, feet 15 

Dilution Water Use 1:1 

Gravity Belts  
Hydraulic Loading Rate, gpm/meter of belt width 150 

Feed Solids Concentration, % 1 to 2 
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Table 3.2 Design Criteria for Primary Sludge Thickening 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Values 

Thickened Solids Concentration, % 5 to 7 

Solids Capture Efficiency, % 90 to 98 

Polymer Dose, active lbs/ton of dry solids 10 to 12 

Minimum Flocculation Time, seconds 30 

Rotary Drum  
Maximum Hydraulic Loading Rate, gpm 300 

Feed Solids Concentration, % 1 to 2 

Thickened Solids Concentration, % 5 to 7 

Solids Capture Efficiency, % 93 to 98 

Polymer Dose, active lbs/ton of dry solids 6 to 8 

 

Table 3.3 Design Criteria for WAS Thickening 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Values 

Centrifuge  
Feed Rate, gpm Up to 900 

Dewatered Cake Solids Concentration, % 6 to 10 

Solids Capture Efficiency, % 85 to 90 

Operating Speed 2,000 to 3,000 rpm 

Polymer Dose, active lbs/ton of dry solids 6 to 8 

Gravity Belts  
Hydraulic Loading Rate, gpm/meter of belt width 150 

Feed Solids Concentration, % 0.6 to 1.5 

Thickened Solids Concentration, % 5 to 7 

Solids Capture Efficiency, % 90 to 98 

Polymer Dose, active lbs/ton of dry solids 10 to 12 

Minimum Flocculation Time, seconds 30 

Rotary Drum  
Maximum Hydraulic Loading Rate, gpm 300 

Feed Solids Concentration, % 0.6 to 1.5 
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Table 3.3 Design Criteria for WAS Thickening 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Values 

Thickened Solids Concentration, % 4 to 8 

Solids Capture Efficiency, % 90 to 95 

Polymer Dose, active lbs/ton of dry solids 8 to 10 

 

Table 3.4 Digestion Design Criteria  
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Value 
Anaerobic Digestion  
Volatile Solids Loading (lbs/ft3/day)  

All Units In Service 0.12 
Largest Unit Out of Service 0.15 

Detention Time (days)  
All Units In Service 20 
Largest Unit Out of Service 15 

Acid-Phase Anaerobic Digestion  
Acid Phase  

Volatile Solids Loading (lbs/ft3/day)  
Largest Unit Out of Service 1 to 3 

Detention Time (days)  
All Units In Service 2 

Methane-Phase  
Volatile Solids Loading Rate  

Acid Phase In Service N/A 
Acid Phase Out of Service 0.15 

Detention Time (days)  
All Units In Service 15 
One Unit Out of Service 12 
Acid Phase Out of Service 15 

The design criteria for the solids dewatering facilities are listed in Table 3.5. These criteria 
were taken from the previous Biosolids Master Plan. 
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Table 3.5 Dewatering Design Criteria  
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

High-Speed Centrifuge(2) 

Parameter Belt Press(1) Existing Unit Future Unit

Feed Rate, gpm    

Average 100 175 200 

Peak 160 250 300 

Cake Solids Content, % 16 25 25 

Solids Capture, % 95 96 96 

Estimated Polymer Dose (lb active/dry ton) 12 20 20 

Typical Power Load per Machine, kW 20 90 110 

Notes: 
(1) Information given by the City Staff. 
(2) Information taken from 2003 Biosolids Master Plan. 
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Chapter 4 

SOLIDS PRODUCTION AND THICKENING OPTIONS 

4.1 PURPOSE 
The purpose of this chapter is to evaluate thickening alternatives for the City of Riverside 
(City) Regional Water Quality Control Plant (RWQCP) expansion. Alternatives for primary 
thickening, Waste Activated Sludge (WAS) thickening and co-thickening are included in the 
evaluation. The detailed layout and specific equipment type would be determined during the 
preliminary and final design. 

4.2 RECOMMENDATIONS AND CONCLUSIONS 
• Based on the Dissolved Air Flotation Thickeners (DAFTs) design criteria, the DAFTs 

are operating near their rated capacity, assuming no polymer addition.  

• For ease of Operation and Maintenance (O&M), the same type of thickening 
equipment is recommended for both primary and secondary thickening facilities 

• Based on solids projections and design criteria for Gravity Belt Thickeners (GBTs) 
and Rotary Drum Thickeners (RDTs), it is estimated that 14 units of either type of 
thickening equipment will be required. 

• The City has chosen to provide separate thickening facilities for primary solids and 
WAS, using GBTs for both types of solids. 

4.3 BACKGROUND 
The RWQCP is a tertiary wastewater treatment plant that currently treats approximately 
33 mgd. Existing thickening processes include in-tank thickening for the primary sludge, 
and DAFTs for thickening of WAS. 

The following list of solids handling alternatives to be considered for this master plan was 
determined during the Kick-off meeting in July 2006:  

1. Primary Thickening: 
a. Gravity Thickeners. 
b. GBTs. 
c. RDTs. 
d. Co-thickening with GBTs and RDTs. 

2. WAS Thickening: 
a. Centrifuge. 
b. GBTs. 
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c. RDTs. 
d. Co-thickening with GBTs and RDTs. 

In-tank thickening for primary solids was not considered because the City does not want to 
continue the process. The City would like to use other alternatives that would provide a 
higher solids content to reduce the need for future digester expansions. 

DAFTs were also not considered as one of the WAS alternatives because they have a high 
space requirement, and are a mechanically intensive process. They require numerous 
mechanical components such as compressors and a pressurized system to provide the 
dissolved air for floatation. In addition, they produce more dilute thickened sludge, which 
would significantly increase the required digester capacity. 

4.4 SOLIDS PROJECTIONS  
Table 3.1 summarizes the solids projections for the 52.2-mgd Annual Average Daily Flow 
(ADF) condition. The calibrated Biotran model was used to predict the future conditions.  

Table 4.1 Solids Projections 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

52 mgd Primary Sludge Raw WAS 
Solids, lbs/day 103,000 118,000 
% Concentration 1.5 0.6 
Max Month Flow, mgd 0.82 -- 
Peak Flow, mgd 1.34 2.36 
VSS % 81 85 

To ensure good performance by the mechanical thickeners, it is necessary to provide a 
continuous and consistent feed. With a continuous pumping operation, the primary sludge 
solids concentration is normally about 0.5 percent. However, this solids concentration would 
result in a very high primary sludge flow that would require many thickening units. In order 
to decrease the number of units required, a control system should be set up so that 
pumping would rotate among the primary sedimentation basins. This would allow the solids 
blanket to build up and provide continuous pumping of approximately 1.5 percent primary 
solids to the thickening facilities. Furthermore, in order to provide continuous pumping 
without storage, the primary thickening facilities would be based on the peak flow condition 
with a peaking factor of 1.8.  

The WAS projection for the 52.2-mgd ADF condition was based on the historical data and 
the City’s wasting record. The City could waste up to twice the average amount of WAS in 
order to adjust process control. The capacities for the secondary thickening facilities will 
allow the City to have this peak wasting flexibility.  
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4.5 EXISTING THICKENING FACILITIES CAPACITIES 
As stated earlier, the existing thickening system includes in-tank primary sludge thickening. 
Primary sludge from Plant 1 is sent to the Plant 2 primary clarifiers where the sludge is 
thickened in-tank. From the Plant 2 primaries, the sludge is pumped to digestion. 

WAS thickening is done using two DAFTs at the RWQCP. The design criteria for the 
DAFTs consist of a solids-loading rate of 18 lbs/day/sf (without polymer) and 24 lbs/day/sf 
(with polymer). It also requires a hydraulic loading rate of 0.5 gpm/sf. There are two 37-foot 
diameter DAFTs at the RWQCP, which have a combined effective surface area of 
1,980 square feet. Based on the Biotran™ calibration, the plant is producing approximately 
30,500 lbs/day of solids.  

Based on the design criteria for the DAFTs and the current operating conditions, the 
capacity of the DAFTs (without polymer) with both units in service was estimated to be 
36.3 mgd on an average daily flow basis (18.1 mgd with one unit out of service). Current 
plant average daily flow influent flow is approximately 33 mgd, so the DAFTs are operating 
near their rated capacity if the City does not add polymer to their DAFT operation. If 
polymer is added to the DAFTs, the City would have a capacity of 48.4 mgd with all units in 
service and about 24 mgd with one unit out of service. 

4.6 THICKENING ALTERNATIVES 
The new thickening facilities will be designed to include primary sludge and WAS thickening 
capabilities. For ease of O&M, it is preferred that the same type of thickening equipment be 
used for both primary sludge and WAS. It is assumed that the two existing DAFTs would be 
used to thicken scum once the new thickening facilities are installed.  

As stated in Section 4.3, gravity thickening was considered as one of the alternatives for the 
primary thickening. Gravity thickening requires a high space requirement and can cause 
odors. Furthermore, gravity thickening is only suitable for primary sludge thickening. Since it 
is desirable to use the same type of equipment on both primary sludge and WAS, and the 
City staff did not have good experience with their gravity thickeners. This alternative was 
eliminated in the initial screening. 

A centrifuge is an effective option for WAS thickening, whereas primary sludge is more 
suitable for gravity thickening because it contains abrasive material that can be detrimental 
to a centrifuge. Because of the desire to use the same equipment to thicken primary sludge 
and WAS, this option also was eliminated in the initial screening. 

This leaves GBTs and RDTs as the two thickening options that would be evaluated for both 
separate and co-thickening for the master plan. 
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4.6.1 Design Criteria 

Table 4.2 lists the design criteria for the GBTs and RDTs. The main design criterion that 
governs the design of GBTs and RDTs is the hydraulic loading rate. Manufacturers have 
claimed that GBTs can be operated at a hydraulic loading rate of up to 400 gpm per meter 
of belt width and 400 gpm per unit for RDTs. However, based on a series of phone surveys 
to existing installations, GBTs should not be designed at higher than 150 gpm per meter of 
belt width and 300 gpm per unit for RDTs. These criteria will be used for the RWQCP 
master plan.  

Another criterion for GBTs is the solids loading rate, which is typically about 1,000 lbs/hr per 
meter of belt width. This criterion, however, is usually not the controlling parameter for 
GBTs.  

Table 4.2 GBT and RDT Design Criteria(1) 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter GBTs RDTs 

Hydraulic Loading Rate 150 gpm per meter 300 gpm per unit 

Wash Water 60 gpm per meter 20 gpm per unit 

Thickened Solids Concentration, %(2) 5 to 7 5 to 7 

Solids Capture, % 90 to 95 90 to 95 

Polymer Dose, Active lbs/dry ton 10 to 12 8 to 10 

Notes: 
(1) Assume same design criteria for separate thickening and co-thickening. 
(2) Both GBTs and RDTs can thicken primary sludge to a much higher percentage, but 

are limited to this range for digestion purposes. 

Furthermore, a 22-hour-per-day and 7-day-per-week operation schedule was assumed for 
the design. 

4.6.2 Co-thickening versus Separate Thickening 

Figures 4.1 and 4.2 show flow schematics for separate thickening and co-thickening 
respectively. Co-thickening is mostly done in small facilities where they can reduce the 
number of mechanical equipment components. Since the design criteria are the same 
regardless of whether co-thickening or separate thickening is used, there are no savings in 
the number of thickening units for large facilities such as the RWQCP. 

An advantage of co-thickening is that the addition of WAS to primary sludge would help to 
absorb some of the volatile fatty acids; which would help to reduce odor during the 
thickening process. 
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FIGURE 4.2
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A disadvantage of co-thickening is that the mechanical thickening components operate 
better with a consistent feed. Due to the variation in primary and WAS wasting, the primary 
sludge/WAS ratio varies a lot when blending the two types of sludge for thickening 
purposes. Also, primary sludge and WAS have very different characteristics and behave 
differently in thickening equipment. This makes it difficult to maintain the correct polymer 
dosage for the thickening process. 

Furthermore, co-thickening would cost more than separate thickening because 
storage/mixing tanks are required to blend the primary sludge and WAS before it is sent to 
the thickening units. Odor control would also be required for the storage units. Additionally, 
an extra sludge transfer pump station would be needed to send the combined sludge to the 
thickening units. This would result in higher capital and O&M costs.  

4.6.3 Alternative 1: Gravity Belt Thickener 

GBTs operate similar to belt presses, but without the roller presses at the end. A GBT uses 
a slow-moving fabric belt to separate sludge solids from the liquid by gravity drainage and 
capillary suction forces, imparted by the fabric’s interstitial voids. Usually, polymer is added 
to the solids in the feed pipe before the solids are fed into the inlet. The conditioned sludge 
is then fed down a gently sloped inlet ramp, with guide vanes and baffles, to uniformly 
disperse the solids across the width of the belt. Free water released from the solids drains 
through the fabric belt while the solids remain on top. The solids retained on the belt would 
first be scraped with doctor blades and deposited in a discharge hopper. The belt would 
then be cleaned by high-pressure water. For a 2-meter belt, it is estimated that the wash 
water requirement would be as high as 120 gpm per unit.  

Using a 2-meter belt, and based on the solids hydraulic flow projection and the previously 
referenced design criteria, four GBT units are required for primary sludge thickening and 
seven GBT units are required for WAS thickening. Based on the moving mechanical 
reliability criteria, three standby units would also be required, which results in a total of 
14 GBTs. 

4.6.4 Alternative 2: Rotary Drum Thickener 

An RDT works similar to a GBT, in which free water drains through a moving porous media 
while flocculated solids are retained on the media. However, an RDT uses a rotating screen 
instead of a belt. An RDT is different from a centrifuge in that a centrifuge does not have a 
filter media and operates at a much higher speed than an RDT. An RDT is internally fed 
with dilute sludge from a head-box after conditioning with polymer. The suspension is 
distributed onto the internal surface of the rotating screening cylinder and physically 
strained for the separation of free water. The RDT has a built-in spray backwashing system, 
controlled with programmable timers that can be optimized for each application. For RDTs, 
about 20 gpm per unit of wash water is required for continuous cleaning of the drum. 
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Similar to GBTs, four RDT units are required for primary sludge thickening, and seven RDT 
units are required for WAS thickening. Three standby units will also be required to meet the 
reliability criteria. A total of 14 RDTs would be required for the expansion project. 

The same numbers (14 units GBT or RDT) of thickening equipment would also be required 
under the co-thickening option.  

Table 4.3 summarizes the new thickening facilities requirement.  

Table 4.3 New Thickening Facilities Capacity 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

 GBT(1) RDT(1) 

Number of Units(2) 11 + 3 (standby) 11 + 3 

Wash Water Requirement 120 gpm per unit 20 gpm per unit 

Polymer Dosage, active lbs/dry ton  10 to 12 8 to 10 

Notes: 
(1) GBT is based on a 2-meter belt at 300 gpm per unit. RDT is based on 300 gpm per 

unit. 
(2) Based on a peak primary sludge and WAS hydraulic loading rate, and 

22 hour-per-day, 7-day-per-week operation. 

4.7 ALTERNATIVE COMPARISON 
A comparison of non-economic factors for the two thickening alternatives is presented in 
Table 4.4. In general, both GBTs and RDTs are gaining popularity because of their efficient 
space requirements, low power usage, and moderate capital costs compared to other 
thickening processes. The performance of both alternatives is highly dependent on the 
solids characteristics and effective polymer dosing and mixing. The main difference is that 
GBTs have been used for thickening applications for over 25 years, while RDTs are 
relatively new pieces of equipment and have no installations for primary sludge thickening. 
In addition, RDTs may require sole-source procurement. RDTs, however, can be enclosed 
to control odors. Historically, GBTs were not usually enclosed, and therefore had odor 
issues and were not spill-proof. Ashbrook’s GBT; however, can be enclosed and therefore 
odors can be contained and the cover can also provide improved “spill-free” operation. 
Another difference is that one RDT uses much less wash water (20 gpm versus 120 gpm of 
wash water required for a 2-meter GBT), which translates to higher recycle stream 
treatment costs.  
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Table 4.4 Comparison of Gravity Belt and Rotary Drum Thickeners 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

 

Alternative 1:  
Gravity Belt  
Thickener 

Alternative 2: 
Rotary Drum 

Thickener 

Space Requirement + + 

Long-Term Equipment Reliability + – 

Sole Source Procurement + – 

Polymer Addition Requirement 0 0 

Backwash Downtime + + 

Recycle Stream Treatment  – + 

Maintenance Requirement + + 

Odor Control + + 

Ratings: 
+ = Positive comparative characteristic. 
– = Negative comparative characteristic. 
0 = Neutral comparative characteristic. 

4.8 LIFE CYCLE COST ANALYSIS 
A cost comparison of GBTs and RDTs for both separate thickening and co-thickening is 
presented in Table 4.5. Costs associated with recycle stream treatment make up about 70 
to 75 percent of the (O&M) costs. The O&M costs for GBTs are higher than the RDTs due 
to the higher amount of wash water, which requires additional treatment. At the project 
meeting on January 24, 2007, the City decided to use GBTs because GBTs have been 
used for more than 25 years and their operation is similar to the belt filter presses. The City 
might still consider co-thickening in the future, but for this master plan, separate thickening 
is the chosen option. 

Table 4.5 Life-Cycle Cost of Gravity Belts and Rotary Drum Thickeners 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

Separate Thickening Co-thickening(2) 
 GBT RDT GBT RDT 

Total Capital Cost(1) $20,800,000 $24,200,000 $25,900,000 $29,300,000

Total Project Cost $27,000,000 $31,400,000 $33,700,000 $38,000,000
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Table 4.5 Life-Cycle Cost of Gravity Belts and Rotary Drum Thickeners 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

Separate Thickening Co-thickening(2) 
 GBT RDT GBT RDT 

Annual O&M Cost(3) $4,700,000 $3,700,000 $4,800,000 $3,800,000

Life-Cycle Cost(4) $103,200,000 $90,700,000 $111,400,000 98,900,000

Notes: 
(1) Total costs for thickener equipment, polymer blending unit, mechanical piping and 

valves, booster pump, filtrate pump station, building (metal), primary sludge pipe. 
(2) Extra items added to co-thickening include: Retrofitting costs for DAFTs, covers for 

DAFTs, mixing system, sludge pump station. 
(3) Includes the electrical cost, polymer cost, recycle treatment cost, and maintenance 

cost. 
(4) As present value, assuming a life-cycle period of 19 years, a discount rate of 

6 percent, and an escalation rate of 6 percent for the first 5 years and 4 percent 
thereafter. 

4.9 PROPOSED SLUDGE THICKENING FACILITIES 
Figure 4.3 shows a proposed layout of the thickening facilities using separate thickening 
facilities for primary sludge and WAS. The City plans to put the primary sludge thickening 
facilities near the Plant 1 primary clarifiers, while retrofitting the existing chemical building to 
house the nine WAS thickening units. The existing chemical building is currently not big 
enough to house all the necessary WAS thickening. Figure 4.3 shows a proposed layout of 
the new WAS thickening facility. As a result of the expansion of the building, the 
hypochlorite tanks will need to be moved from their current location. It is assumed that both 
thickening alternatives would require a similar amount of space. The area allocated is big 
enough to house all thickening units, polymer blending units, booster pumps and all other 
ancillary equipment. 
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Chapter 5 

SOLIDS PROCESSING 

5.1 PURPOSE 
The purpose of this chapter is to evaluate biosolids digestion alternatives for the City of 
Riverside (City) Regional Water Quality Control Plant (RWQCP) expansion. Acid-Phased 
Anaerobic Digestion (APAD) is compared with the existing conventional anaerobic 
digestion. Final decisions about a detailed layout and specific equipment type would be 
determined during the preliminary and final design. 

5.2 CONCLUSIONS AND RECOMMENDATIONS 
• The City could reduce digestion construction to a minimum of one 90-foot digester 

and possibly not have to build any additional digestion during the master plan 
planning period by using APAD versus conventional anaerobic digestion. 

• The City has selected the APAD system with a new multi-compartment acid-phase 
digester for their digestion facilities. 

• It is recommended that the City use Digester No. 3 for downstream digester sludge 
storage, as this would provide the City with 3 days of storage versus 2 days, if the 
City were to use Digester No. 5 instead.  

5.3 SOLIDS PROJECTION  
The calibrated Biotran™ model was used to estimate the thickened solids production for an 
Average Daily Flow (ADF) of 52.2 mgd. The projections were based on the thickening 
discussions in Chapter 4 in which Gravity Belt Thickeners (GBTs) selected to thicken both 
primary sludge and Waste Activated Sludge (WAS). The GBTs were assumed to have a 
solids capture rate of 95 percent and able to thicken both the primary sludge and WAS 
solids to 5 to 7 percent. However, for master planning level purposes, 6-percent solids 
concentration was used because it maybe difficult to get continuous 7-percent solids from 
the thickeners. Furthermore, for conventional anaerobic digestion, 6 percent is the upper 
feed solids concentration to avoid digester process control problems. Table 5.1 summarizes 
the thickened solids projections for the 52.2-mgd annual ADF condition. 

Table 5.1 Thickened Solids Projections 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

52 mgd Primary Sludge WAS 

% Thickened Solids Concentration 6 6 

Total Solids, lbs/day 91,000 65,500 
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Table 5.1 Thickened Solids Projections 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

52 mgd Primary Sludge WAS 

Volatile Solids, % 81 85 

Volatile Solids, lbs/day 73,800 55,700 

Maximum Month Flow, mgd 0.182 0.131 

Peak Flow, mgd 1.34 2.36 

Organic N, total lb/d 3,820 4,525 

5.4 EXISTING DIGESTION FACILITIES  
As stated in Volume 8, Chapter 1 - Existing Facilities, the City currently has five digesters 
with the smallest unit being out of service. Table 5.2 summarizes the descriptions of each of 
the digesters. The RWQCP currently operates with only the two 90-foot diameter tanks as 
active digesters. These are labeled as Digester Nos. 1 and 2. Digester No. 3 is being 
retrofitted and will be put back in service. After digestion, the stabilized solids are 
transferred into Digester No. 4, which serves as a holding tank for the dewatering process.  

Table 5.2 Existing Digestion Facilities 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description 

Digester 
No. 

Diameter, 
ft 

Side water 
Depth, ft 

Digester 
Volume, MG Notes 

1, 2 90 32 1.64  

3 75 32 1.06  

4 88 38.5 1.8 Digested Sludge Storage 

5 60 28.5 .63 Out of Service 

Current Active Volume 4.34 Digester Nos. 1-3 

Current Storage Volume 1.8 Digester No. 4 

The RWQCP has been running a project since April 2005 in which restaurant grease is 
added directly to Digester No. 2 to increase gas production. The project results have shown 
that solids destruction in the digester is also increased.  
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5.5 DIGESTION ALTERNATIVES 
The two digestion alternatives evaluated for the master plan are variations of mesophilic 
anaerobic digestion: 

1. Conventional anaerobic digestion.  

2. APAD.  

As mentioned earlier, the City is adding grease to one of the digesters. This alternative 
evaluation assumes this procedure will continue. The City’s plan for their grease study is to 
expand it and begin adding heated grease along with thickened sludge into Digester No. 3, 
using it for upstream storage. For this plan, Digester Nos. 1, 2, and 4 would be active 
digesters and Digester No. 5 would be downstream storage. Effectively, if the City upgrades 
the heating capability of Digester No. 3, they would have an APAD system. Heating 
Digester No. 3 is recommended because if the heated grease is added to relatively cold 
sludge (estimated at 70 degrees Fahrenheit), a grease layer may form. Hence, poor mixing 
within the reactor would occur, and the City would also experience problems with pumping. 
More importantly, if Digester No. 3 is not heated the digester would perform similarly as an 
acid-phase digester, but it would not work optimally since it is not heated. The digester 
would then move in and out of the acid-phase digester operating range, and the City would 
have process control issues with the remaining digesters.  

5.5.1 Design Criteria 

Table 5.3 lists the design criteria for the two anaerobic digestion processes. In most cases, 
the Volatile Solids Loading Rate (VSLR) is the controlling parameter. 

Table 5.3 Anaerobic Digestion Design Criteria 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Value 

Conventional Anaerobic Digestion  

Volatile Solids Loading (lbs/ft3/day)  

All Units in Service 0.12 

Largest Unit Out of Service 0.15 

Detention Time (days)  

All Units in Service 20 

One Unit Out of Service 15 

Acid-Phase Anaerobic Digestion  
Acid Phase   

Volatile Solids Loading (lbs/ft3/day) 1 to 3 
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Table 5.3 Anaerobic Digestion Design Criteria 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Value 

Detention Time (days)  

All Units in Service 1 to 3 

Methane Phase  
Detention Time (days)  

All Units in Service 15 

One Unit Out of Service 12 

Acid Phase Out of Service 15 

Volatile Solids Loading (lbs/ft3/day)  

Acid Phase in Service N/A 

Acid Phase Out of Service 0.15 

The controlling parameter for the methane-phase digester when the acid-phase digester is 
out of service (assuming there is only one acid-phase digester) in the APAD system is also 
the VSLR. During this time, the methane-phase digesters would operate as conventional 
anaerobic digesters and, therefore, the VSLR criteria (0.15 lbs/ft3/day) for the conventional 
anaerobic digestion process is applied.  

Since the start of the City’s grease-to-gas project, the City has experienced an increase in 
Volatile Suspended Solids (VSS) destruction. However, the City does not have any 
information on the VSLR at this time. As the City runs this grease-to-gas project longer and 
is able to collect information on the VSLR, the City might be able to increase this parameter 
for design in the future, which could decrease the requirement for additional digestion.  

5.5.2 Alternative 1: Conventional Anaerobic Digestion 

Figure 5.1 shows a schematic representation of the conventional digestion process. In 
general, an anaerobic digestion process is divided into three stages: hydrolysis, formation 
of soluble organic compounds (short-chained organic acids), and methane formation. In the 
first stage, the complex organic matter is converted into a soluble form through hydrolysis. 
In the second stage, the acetogenic organisms convert these soluble organics into Volatile 
Fatty Acids (VFAs), and finally in the third stage, the methanogenic bacteria convert the 
VFAs to methane and carbon dioxide gases. 

In conventional anaerobic digestion, all three reactions take place in one tank, hence, both 
acetogenic and methanogenic organisms must co-exist in the same tank. The acetogenic 
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organisms are fast-growing bacteria while the methanogenic organisms are slow growing 
bacteria, and the VFAs that the acid formers produce are toxic to the methane formers. In 
order to have the acetogenic and methanogenic organisms co-exist in the same 
environment, it is necessary to starve the acetogenic organisms by artificially limiting the 
VSS in the feed to create a balance between the acid formers and the methane formers. 
The advantages and disadvantages of conventional anaerobic digestion are as follows:  

5.5.2.1 Advantages 

• Produces methane gas, which can be used to produce heat and electricity. 

• Stable process. 

• Relatively low operating costs. 

5.5.2.2 Disadvantages 

• Methane-producing bacteria are slow growing, and therefore, larger tankage and 
longer detention time is required for process completion. 

• High capital costs. 

5.5.2.3 Conventional Anaerobic Digestion Facilities 

Based on the design criteria for conventional anaerobic digestion and the thickened solids 
projections, Table 5.4 summarizes the digestion facilities required for this alternative. 

Table 5.4 Conventional Anaerobic Digestion Facilities Design 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

 All Units in Service One Unit Out of Service

Facilities Requirement Based on HRT 

Total Required Digester Volume (MG) 6.26 4.7 

Additional Required Volume (MG) 0.63 0.81 

Facilities Requirement Based on VSS Loading 

Total Required Digester Volume (MG) 6.45 8.1 

Additional Required Volume (MG) 2.58 2.44 

This is based on the assumption of using Digester No. 3 as downstream storage, which 
would provide the City with approximately 3 days of storage. As Table 5.4 shows, the VSLR 
is the controlling parameter, and the City would need to install two new 90-foot digesters to 
meet the additional digestion volume requirement. 
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5.5.3 Alternative 2: Acid-Phased Anaerobic Digestion  

Figure 5.2 shows a schematic representation of the APAD concept. The acid-phased 
digestion, unlike conventional anaerobic digestion, makes use of the different growth 
conditions of the anaerobic organisms. In APAD, the organisms are separated into an 
acid-phase digester and a methane-phase digester. The first two stages of the anaerobic 
digestion process take place in the acid-phase digester, where the complex organics are 
hydrolyzed and converted into VFAs. Once the acids are formed, the sludge is sent to the 
methane-phase digester where the methanogenic organisms break down the VFAs further 
into methane and carbon dioxide. Due to the conditions present in the acid-phase digester, 
the solubility of the complex organic matter is increased. Because of the improved 
hydrolysis, the volatile solids destruction is increased, and the amount of solids resulting 
from the digestion process is reduced. 

The gas from the acid-phase digester, which accounts for about 5 to 10 percent of the 
methane produced, has relatively high H2S and low methane concentrations. This 
poor-quality gas cannot be used as a fuel source and, therefore, needs to be flared off. The 
methane digester gas, however, has a higher methane concentration due to a higher pH in 
this digester. It also has a lower H2S concentration compared to gas produced in the 
conventional digesters. Furthermore, higher VSS destruction results in higher methane gas 
volumes.  

The following summarizes the advantages and disadvantages of the APAD system. 

5.5.3.1 Advantages 

• Higher reaction rates, hence smaller digester volumes. 

• Decreased solids to disposal. 

• Equalized feed to the methane-phase digester, which equalizes gas production. 

• Higher methane gas production. 

• Improved quality of methane-phase digester gas. 

• Decreased foaming and improved dewatering characteristics. 

• Improved solids dewater ability. 

5.5.3.2 Disadvantages 

• Higher recycle costs due to higher ammonia concentration in the recycle stream. 

• Poor quality of acid-phase gas.
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5.5.3.3 Acid-Phased Anaerobic Digestion Facilities Design 

Based on the design criteria for conventional anaerobic digestion and the thickened solids 
projection, Tables 5.5 and 5.6 summarize the digestion facilities required for this alternative. 

Table 5.5 APAD Facilities Design - Acid-Phase Digester 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Value 

Acid-Phase Digester Requirement Based on HRT 

Total Required Digester Volume (MG) 0.31 to 0.94 

Digester 5 Volume (MG) 0.6 

Digester 3 Volume (MG) 1.06 

Additional Required Volume (MG) None 

Acid-Phase Digester Requirement Based on VSS Loading 

Total Required Digester Volume (MG) 0.32 to 0.97 

Digester 5 Volume (MG) 0.6 

Digester 3 Volume (MG) 1.06 

Additional Required Volume (MG) None 

Table 5.5 shows that there would be no requirement for any additional acid-phase digesters 
using either Digesters Nos. 3 or 5 as the acid-phase digester. 

Table 5.6 APAD Facilities Design - Methane-Phase Digester 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 All Units in Service One Unit Out of Service

Methane-Phase Digester Requirement Based on HRT 

Total Required Digester Volume (MG) 4.7 3.76 

Additional Required Volume (MG) None 0.48 

 Acid-Phase Digester Out of Service 

Facilities Requirement Based on VSS Loading 

Total Required Digester Volume (MG) 6.46 

Additional Required Volume (MG) 1.43 

Table 5.6 shows that the VSLR is the controlling parameter for the methane-phase digester 
when the acid-phase digester is out of service (assuming there is only one acid-phase 
digester). This would require the City to add one 90-foot diameter digester. As a reminder, 
this is based on the 0.15 lbs/ft3/day VSLR for a conventional anaerobic digester. If the City’s 
APAD project proves that it is possible to get a VSLR up to 0.19 lbs/ft3/day or higher, the 

February 2008 5-9 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 08\Ch05.doc 



 

City would have enough methane-phase digester volume and would not require an 
additional digester for the 52.2-mgd flow condition. Therefore, using the APAD design, the 
City can save, at a minimum, the cost of one digester and possibly up to two digesters.  

In the case that the City does require extra digester volume, another alternative is to build a 
new multi-compartment acid-phase digester. The multi-compartment tank is more 
expensive than a circular digester; however, this type of tank is configured specifically to 
work as an acid-phase digester and to provide process reliability. It reduces the likelihood 
for sludge short-circuiting and, therefore, works more effectively. The multi-compartment 
tank provides a plug flow condition, which would enhance the hydrolysis performance. It 
would also give the City the flexibility to isolate any of its compartments for maintenance, 
without adversely impacting digester operation. 

5.6 ALTERNATIVE COMPARISON 
A comparison of the two anaerobic digestion alternatives is presented in Table 5.7. In 
summary, APAD would provide an extra ammonia load in the recycle stream. However, it 
would require less space, achieve higher VSS destruction, and hence, produce less solids 
for disposal. The amount of good-quality methane gas is also increased by using the APAD 
system.  

Table 5.7 Comparison of Conventional and Acid-Phased Anaerobic Digestion 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 

Alternative 1:  
Conventional 

Anaerobic Digestion 

Alternative 2: 
Acid Phased 

Anaerobic Digestion 

Space Requirement – + 

Recycle Treatment + – 

Operation/Maintenance Requirement + 0 

Methane Gas Production 0 + 

Dewatering Polymer Usage 0 + 

Total Solids Production/Solids Disposal – + 

Acid-Phase Gas Quality N/A – 

Methane Gas Quality 0 + 

Ratings: 
+ = Positive comparative characteristic. 
– = Negative comparative characteristic. 
0 = Neutral comparative characteristic. 
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5.7 LIFE-CYCLE COST ANALYSIS 
The life cycle cost analysis included the following capital costs and O&M costs: 

Capital Costs: 

• Digestion facility. 

• Support facilities: 
– New sludge transfer pump station. 
– Retrofitting existing transfer pump station. 
– New flare for APAD. 
– Heat exchanger for acid-phase digester. 

O&M Costs: 

• Operation (labor). 

• Recycle treatment. 

• Dewatering polymer. 

• Maintenance. 

• Solids disposal. 

• Credit from gas production. 

A cost comparison of conventional anaerobic digestion and APAD are presented in 
Table 5.8. There are three options for Alternative 2. Option 1 is to add one extra circular 
digester, Option 2 is to add a new multi-compartment acid-phase digester, and Option 3 is 
not adding any new digesters (assuming the City will be able to achieve a VSLR of 
0.19 lbs/ft3/day). The higher annual O&M costs for conventional anaerobic digestion are 
because less credit was given to this alternative for gas production, while APAD options 
were able to produce more gas and therefore, receive a higher credit for the gas produced, 
hence reducing the O&M costs.  

Table 5.8 Life-Cycle Cost of Anaerobic Digestion Facilities 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Alternative 2: APAD 

 

Alternative 1: 
Conventional 

Anaerobic 
Digestion 

Option 1: 
With 

Circular 
Digester 

Option 2: 
With Multi-

Compartment 
Acid-Phase 

Digester 

Option 3: 
Without 

Extra 
Digester 

Digestion Facility Project 
Costs 

$8,500,000 $4,300,000 $7,700,000 $0 
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Table 5.8 Life-Cycle Cost of Anaerobic Digestion Facilities 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Alternative 2: APAD 

 

Alternative 1: 
Conventional 

Anaerobic 
Digestion 

Option 1: 
With 

Circular 
Digester 

Option 2: 
With Multi-

Compartment 
Acid-Phase 

Digester 

Option 3: 
Without 

Extra 
Digester 

Support Facilities Project 
Costs 

$3,600,000 $5,100,000 $5,100,000 $4,000,000 

Total Project Cost $12,100,000 $9,400,000 $12,800,000 $4,000,000 

Annual O&M Cost  $2,900,000 $800,000 $820,000 $770,000 

Life-Cycle Cost  $58,500,000 $22,300,000 $26,100,000 $16,000,000 

At the project meeting on February 21, 2007, the City selected APAD for the master plan. 
The decision was made because conventional anaerobic digestion is not economical when 
compared to APAD. In addition, APAD will increase the gas production, which will allow the 
City to better utilize their cogeneration facilities. The addition of grease to an APAD will 
further increase the gas production. For the master plan, the City chose the 
multi-compartment acid-phase digester option. An alternative treatment scenario for the 
Master Plan Manager™ (MPMTM) will include Option 3 (without addition of a new digester), 
for the possibility that the City can increase the VSLR to 0.19 lbs/ft3/day.  

5.8 DIGESTION FACILITY LAYOUT 
Figure 5.3 shows a proposed layout of the digestion facilities with the multi-compartment 
acid-phase digester. The City said in the March meeting that it is planning to place fuel cells 
in the open area to the west of the co-generation facility. The City staff estimated that the 
fuel cells facilities will take up about 1/3 of that area. This would leave the western portion 
of this open area for the new digester facilities. 
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Chapter 6 

SOLIDS DEWATERING 

6.1 PURPOSE 
The purpose of this chapter is to provide a summary of the dewatering options that were 
recommended to the City of Riverside (City) in the City’s Regional Water Quality Control 
Plant (RWQCP) 2003 Bio-Solids Handling Improvement Report that was completed by 
Brown and Caldwell. The Capital Improvement Plan (CIP) relating to dewatering from the 
2003 Report will be used as input into the Master Plan ManagerTM (MPMTM) and Financial 
Planning ToolTM (FPTTM). A copy of the report is included as Appendix A to this Volume of 
the Integrated Master Plan. 

6.2 BACKGROUND 
In 2002, the City hired Brown and Caldwell to study its solids handling facilities operation 
and to develop options for a two-phase expansion from 40- and 50-mgd average dry 
weather influent flows basis. The recommended plan was intended to phase in new 
facilities over several years rather than completing them all at one time. Part of the study 
included an evaluation of the City’s dewatering facilities. The City plans to continue with the 
dewatering implementation plan based on the recommendations from the 2003 Report. The 
focus of this chapter is, therefore, a review and a summary of the dewatering options 
presented in the 2003 Report. No additional evaluations on dewatering facilities were 
completed. 

6.3 SUMMARY OF 2003 BIOSOLIDS HANDLING IMPROVEMENT 
REPORT 

At the time of the study, the City’s dewatering facilities consisted of two 2.2-meter Andritz 
SMX belt presses with an average capacity of 100 gpm each and a peak capacity of 
200 gpm each. Both machines operated together without a redundant unit at an average 
feed rate of 150 gpm and produced a 12-percent cake solids. The study concluded that the 
two belt presses had reached their capacity limit and additional dewatering capacity was 
needed immediately. 

The evaluated dewatering options included belt presses and centrifuges. The analysis 
concluded that the performance of the belt presses could be improved (achieving 
15-percent cake solids) by lowering the feed flows. It further concluded that 18-percent 
cake solids could be obtained from new belt presses. The centrifuges that were evaluated 
for the master plan were high-speed units that could produce dewatered solids with percent 
solids in the range of 25 to 28 percent. 
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Table 6.1 lists the estimated dewatering performance of the belt presses and centrifuges. 
The information was taken from Table 2 of Chapter 7 of the 2003 Report. 

A cost and non-cost assessment for the two dewatering options was conducted for the 
master plan. 

Table 6.1 Performance Data of Dewatering Equipment(1) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Belt Press High-Speed Centrifuge 

Feed Rate, gpm   

Average 100 200 

Peak 160 300 

Cake Solids Content, % 16 25 

Solids Capture, % 95 96 

Estimated Polymer Dose (lb active/dry ton) 12 20 

Typical Power Load per Machine, kW 20 110 

Notes: 
(1) Information taken from 2003 Biosolids Handling Improvement Report. 

6.3.1 Recommendations for the 40-mgd Flow Condition 

Based on the digested sludge flow rates and characteristics for dewatering, the 2003 
Report recommended that the City refurbish their two belt presses and add one 200-gpm 
centrifuge for the Phase 1 project. This was based on dewatering facilities operating at 
16 hours per day, 5 days a week. 

Since the completion of the study, the City has implemented this recommendation. 
However, the City installed a 120-gpm high-speed centrifuge instead of a 200-gpm 
centrifuge. The combined capacity of the smaller centrifuge and the two belt presses do, 
however, provide the current plant influent flow capacity of 40 mgd with one belt press out 
of service. 

6.3.2 Recommendations for the 50-mgd Flow Condition 

For the Phase 2 project, the 2003 Report recommended removal of all belt presses and 
installation of two additional 200-gpm high-solids centrifuges (a total of three centrifuges; 
two duty and one standby). The City has begun to implement this phase of the project by 
installing a second centrifuge, which has a hydraulic capacity of 275 gpm. 
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6.4 DEWATERING REQUIREMENT VERSUS CAPACITY FOR 
THE 52.2-MGD FLOW CONDITION 

The Biotran model projected that the RWQCP will need to dewater approximately 0.40 mgd 
of solids for the 52.2-mgd (annual average flow) condition. This is based on the 
assumptions that Gravity Belt Thickeners (GBTs) will be used to thicken the primary sludge 
to 6-percent solids; the WAS is thickened by the Dissolved Air Flotation Thickeners 
(DAFTs) to 3.5 percent and the Acid-Phased Anaerobic Digestion (APAD) will be used to 
stabilize the solids. 

Based on the above projection, with a combined dewatering capacity of 0.57 mgd, the two 
centrifuges (120 gpm and 275 gpm) will provide enough dewatering capacity for the 
RWQCP. Therefore, there is no requirement for installation of any additional centrifuges for 
the master planning period. 

The two belt presses will be used for standby purposes when one of the centrifuges is out 
of service. Since the City has just refurbished these belt presses, it is assumed that these 
belt presses will have useful lives for the duration of the master planning period. 
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Chapter 7 

SOLIDS DISPOSAL 

7.1 PURPOSE 
The purpose of this chapter is to provide a brief summary of the City of Riverside’s (City) 
solids (biosolids) disposal plan for the next 20 years. The schedule and cost information 
provided from the City will be used for input into the Capital Improvement Plan (CIP), 
Master Plan ManagerTM (MPMTM) and Financial Planning ToolTM (FPTTM). 

7.2 BACKGROUND 
The City began evaluating alternative methods for biosolids disposal in April 2002. The 
2003 Bio-Solids Handling Improvement Report by Brown and Caldwell recommended 
$60 million in capital expenditures and an additional $1 million/year in operating costs to 
convert the City’s current Class B biosolids treatment facility to a Class A facility, in 
accordance with industry and regulatory trends. Since then, the Public Works Department 
has been working to reduce and postpone the need for these improvements through 
operating modifications and by improving process efficiencies. 

7.3 CURRENT DISPOSAL METHOD 
As mentioned above, the City of Riverside Regional Water Quality Control Plant (RWQCP) 
currently produces Class B sludge. To minimize odors, the RWQCP limits on-site solids 
storage of dewatered solids to the existing sludge storage hopper. Fleet transportation 
services sends trucks to the RWQCP daily to pick up the dewatered solids and delivers it to 
alfalfa and cotton farms in Arizona, where it is used as a soil amendment.  

Currently the RWQCP generates and requires disposal of 140 Wet Tons Per Day (WTPD) 
of dewatered solids. According to the City, the 2006 to 2007 disposal cost is about $3 
million (all-inclusive costs, $57.53/wet ton (wt)). The cost varies based on the price of diesel 
fuel. This price is expected to increase more than 10 percent as all Southern California 
counties either have banned the land application of Class B biosolids or do not have 
acreage that has a permit that allows land application. 

7.4 CITY’S FUTURE SOLIDS DISPOSAL PLAN 
The City has entered into an agreement with EnerTech Environmental California, LLC 
(EnerTech) to participate in the Rialto Regional Biosolids Project as a component of the 
City’s long-term biosolids management strategy. The decision was made after a discussion 
with industry experts from the University of California Riverside Center for Environmental 
Research and Technology (UCR CE-CERT) that the Rialto project’s technology is sound 
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and pricing is advantageous. Furthermore, experts from UCR CE-CERT said that emerging 
technology such as converting biomass into vehicle fuel is only in the development stage 
and would not be available to the City for quite some time.  

The Rialto project is an outcome from the Orange County Sanitation Districts (OCSD) 
December 2003 Long-Range Biosolids Management Plan (LRBMP). The study evaluated 
four technology areas: composting, heat drying, energy recovery, and organo-mineral 
fertilizer manufacturing. Among the eight proposals received, the EnerTech proposal 
ranked the highest, based on a set of comprehensive criteria.  

According to the City analysis, participation in this project would result in a net present 
value savings of more than $27 million to the City over the 20-year life of the Rialto project, 
when compared to making improvements to improve the City’s Class B biosolids to 
Class A. The following describes the EnerTech SlurryCarbTM process. 

7.4.1 Enertech SlurryCarbTM Process 

Biosolids at up to 20-percent solids content are brought to a central manufacturing facility 
where they are processed as a pumpable slurry. The biosolids slurry is continuously 
pumped and pressurized above its saturated steam pressure to maintain a liquid state 
throughout processing. By avoiding evaporation, thermal energy inputs for the evaporation 
of water are minimized. According to Enertech, the SlurryCarbTM process requires 
approximately two-thirds less energy than traditional drying methods. 

Upon reaching the desired reaction pressure and temperature, the biosolids undergo a 
molecular reconfiguration. The cellular structure of the biosolids ruptures and carbon 
dioxide gas splits off, a step called "carbonization." According to the company, this reaction 
significantly reduces the size and improves the uniformity of the biosolids molecules. The 
reacted product becomes extremely hydrophobic and can be mechanically dewatered to 
greater than 50-percent solids. This dewatered, reacted product is concentrated in carbon, 
and over 80 percent of the original water present in the biosolids is removed without 
evaporation. 

The reacted, dewatered product is dried to form a fuel that has a heating value of 
approximately 6,500 Btu/lb. This fuel, called E-Fuel, is exported to a customer and utilized 
as a renewable fuel. The filtrate from dewatering is pretreated to the standards of the local 
wastewater treatment plant. 

7.4.2 City’s Agreement with EnerTech 

The following lists the highlights of the City’s agreement with Enertech: 

1. Agreement term is for 20 years. 
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2. The City’s participation is capped at the solids production level of 150 WTPD, 
allowing the City to employ other technologies for expected increases in biosolids 
production. 

3. The project commencement date is March 30, 2008, with a tipping fee of $54.15/wt, 
exclusive of transportation which is expected to be approximately $3/wt for a total 
cost of $57.15/wt. 

4. The agreement guarantees that the City’s tipping fee would be 10 percent below the 
tipping fee charged to other project participants. 

7.5 OTHER SOLIDS DISPOSAL OPTIONS 
Because it is possible that the Enertech facility will not be able to process all of the RWQCP 
biosolids for the 20-year planning period, the City is exploring an option using biosolids to 
produce biodiesel. UCR CE-CERT is currently performing a study to test the feasibility of 
using RWQCP biosolids for biodiesel production. The final report will be available in 
April 2007. 
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Chapter 8 

IMPLEMENTATION SCHEDULE AND COST 

8.1 PURPOSE 
The purpose of this chapter is to present the costs and schedules of the projects for the 
solids stream for the City of Riverside (City) Regional Water Quality Control Plant 
(RWQCP) Integrated Master Plan. This chapter is closely tied to Volume 4, Chapter 14 - 
Implementation Schedule and Cost, for the liquid stream projects. 

8.2 CONCLUSIONS AND RECOMMENDATIONS 
• Primary Sludge Thickeners will be included in the Plant 1 Primary Expansion project. 

• A Multi-Compartment Acid-Phase Digester will be combined into one project with the 
Plant 1 Primary Expansion and the Membrane Bioreactor (MBR) projects. 

• Waste Activated Sludge (WAS) thickeners will be constructed in the later phase 
(project to begin in July 2023). 

8.3 BACKGROUND 
In Volume 2, Chapter 3 - Population and Flow Projections, the projected average daily flow 
for the RWQCP is 49.4 mgd. This is based on increasing the flow at the same rate as the 
projected population growth, which is 1.09 percent for the City. Because population and 
flow projections may be different than the actual values, a 90-percent confidence interval 
was applied to the data. This results in a high-growth scenario at 1.50 percent and 
low-growth scenario at 0.75 percent. Figure 8.1 shows the projected annual average 
influent flows for the RWQCP, along with projections using the high- and low-growth 
scenarios. Based on the existing capacity and future flow requirements, implementation 
schedules for both high-growth and low-growth scenarios were developed for the solids 
stream process projects, which are listed below: 

• Solids Thickeners - Gravity Belt Thickeners (GBTs): 
– Five GBTs for primary sludge thickening. 
– Nine GBTs for WAS thickening. 

• Anaerobic Digestion: 
– A new multi-compartment acid-phase digester. 

• Solids Dewatering: 
– The City will have enough dewatering capacity with their existing centrifuges 

and belt presses. There is no requirement for installation of any additional 
centrifuges.
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• Solids Disposal: 
– The City has an agreement with Enertech to handle their solids disposal for up 

to 150 wet tons per day. 

As mentioned in Volume 2, the City’s original decision (August 2006) was to base all 
alternative analyses on the high-growth scenario. Subsequently (August 2007), after all 
analyses were completed, the City noticed a slowdown in the population/housing growth, 
and decided the low-growth scenario would be more appropriate for scheduling projects. 
Based on the August 2006 decision, the alternative analyses of this Master Plan are based 
on a 2025 flow of 52.2 mgd. However, as a result of the August 2007 decision, the capital 
costs, Operations and Maintenance (O&M) costs, Capital Improvement Plan (CIP), and 
schedule for the projects have been revised to reflect the low-growth scenario (2025 flow of 
47.3 mgd). 

8.4 COST AND SCHEDULE CRITERIA 
The implementation schedule for each project consists of a planning/design period and a 
construction/start-up period. A 2-year duration for the planning and design period is used 
for each project to include a conservative schedule at the master plan level. Because the 
projects for solids stream treatment are relatively small, if completed as separate projects, 
1.5 years may be used for the construction and start-up period. The construction and 
start-up period is based on the contractor being able to perform approximately $2 million 
per month worth of construction. When final implementation schedules are established, 
adjustments to this schedule should be made based on experience, looking at factors such 
as project sequencing and equipment procurement times. For some of the projects, it may 
be possible to shorten the planning/design and construction/start-up schedules. However, 
for the master plan, the schedules will be presented based on the criteria described above. 

The costs for these projects are based on the information presented in the previous 
chapters for Volume 8 - Solids Treatment and Handling. They are based on costs in 
August 2006 dollars. These costs will be adjusted to their midpoint of construction before 
placement in the CIP, which is presented in Volume 10 - CIP and Overall Implementation 
Schedule. 

8.5 SOLIDS STREAM TREATMENT FACILITIES SCHEDULE 
Figure 8.2 shows the proposed layout of the new solids stream treatment facilities. It also 
includes the liquid treatment facilities proposed in Volume 4 - Wastewater Treatment 
System. The schedules for the solids stream treatment facilities are discussed as follows. 
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8.5.1 Primary Sludge Thickening 

As described in Volume 8, Chapter 4 - Solids Production and Thickening Options, primary 
sludge thickening facilities using GBTs will be added as part of the RWQCP expansion to 
52.2 mgd (annual averaged basis). As further described in Volume 4, Chapter 14, the 
thickeners will be included in the Plant 1 primary expansion project. Figure 8.3 shows the 
schedule of the Plant 1 Primary Expansion Project. Based on the schedule, assuming the 
low-growth scenario, the primary sludge thickeners will need to be completed by July 2013. 
Based on a 2-year planning/design period and a 2.5-year construction/start-up period as 
mentioned in Volume 4, Chapter 14 - Implementation Schedule and Cost, this project would 
need to begin at the beginning of 2008. 

8.5.2 WAS Thickening 

The existing capacity of the two Dissolved Air Flotation Thickeners (DAFTs), with polymer 
addition, is estimated to be 48.4 mgd. As shown on Figure 8.4, the WAS thickening project 
does not need to start until July of 2023, in order to meet the January 2027 completion 
schedule assuming the low-growth scenario. This is based on a 2-year planning/design 
period and 1.5-year construction/start-up period.  

8.5.3 Multi-Compartment Acid-Phase Digester 

The calculations on anaerobic digestion in Volume 8, Chapter 5 - Solids Processing are 
based on the assumption that both primary sludge and WAS thickeners (GBTs) would be in 
use at the same time, resulting in a 6-percent solids sludge being fed to the digesters.  

Based on the implementation schedule for WAS thickening presented above, the WAS 
would not be thickened to 6 percent, but to only 3.5 percent by the DAFTs. The capacity of 
the anaerobic digesters based on the 6-percent thickened primary sludge and 3.5-percent 
thickened WAS is estimated to be 39.7 mgd. As shown on Figure 8.5, assuming the 
low-growth scenario, the Multi-Compartment Acid-Phase Digester project will need to begin 
by the end of 2008 in order to meet the June 2012 completion schedule. This is based on a 
2-year planning/design period and 1.5-year construction/start-up period. 

8.5.4 Combination of Projects 

As described in Volume 4, Chapter 14 - Implementation Schedule and Cost, the Plant 1 
Primary Expansion, MBR Facilities, and Acid-Phase Digester can be combined into one 
project, the 2008 Expansion Project. There are advantages and disadvantages of doing 
separate projects versus combined projects. These advantages and disadvantages are 
described in Volume 4, Chapter 14. 

These advantages and disadvantages were presented to the City at a project meeting on 
March 21, 2007. Based on the discussion in the meeting, it was decided that a combined  
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FIGURE 8.5
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project consisting of the Plant 1 Primary Expansion, MBR Facilities, and Acid-Phase 
Digester would be completed, instead of completing the projects separately. 

At the meeting, it was also decided that the WAS thickeners will be constructed as a 
separate project. Assuming the low-growth scenario, the combined project needs to begin 
in January of 2008, based on a 2-year planning/design period and a 3.5-year 
construction/start-up period (Figure 8.6). Figure 8.7 shows the schedule of the combined 
project with the high-growth scenario. 

8.6 IMPLEMENTATION COST 
The total project costs of the new liquid and solids stream facilities are summarized in 
Table 8.1. This is also presented in Volume 4, Chapter 14 - Implementation Schedule and 
Cost. The costs are based on an Engineering News-Record (ENR) value of 8,570 (Los 
Angeles, August 2006). The midpoint construction costs, adjusted for the phasing and 
schedule, are presented in Volume 10 - CIP and Overall Implementation Schedule. 

Table 8.1 Total Project Cost for Proposed Expansion - Liquid and Solids Stream 
Facilities 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

Separate Projects 
Project 
Cost(1) Combined Projects 

Project 
Cost(1) 

Plant 1 Primary Expansion 
Primary Clarifiers 
Primary Sludge Pump Station 
Primary Sludge Thickening 
Facility(2) 
Primary Effluent Equalization 
Basins 
Biofilters 

$64 M 

MBR Facility $108 M 
Acid-Phase Digester(2) $13 M 

Primary, MBR, and Digester 
Primary Clarifiers 
Primary Sludge Pump Station 
Primary Sludge Thickening 
Facility(2) 
Primary Effluent Equalization 
Basins 
Biofilters 
MBR Facility 
Acid-Phase Digester(2) 

$185 M

New Chlorine Contact Basin $4 M New Chlorine Contact Basin $4 M
New Headworks $10 M New Headworks $10 M
Additional MBR Equipment $12 M Additional MBR Equipment $12 M
WAS Thickening Facility(2) $17 M WAS Thickening Facility(2) $17 M
Total Cost $228 M Total Cost $228 M
Notes: 
(1) As present value (ENR value of 8,570 for Los Angeles in August 2006). 
(2) Details discussed in Volume 8 - Solids Treatment and Handling. 
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FIGURE 8.7
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Chapter 1 

EXISTING ENERGY SYSTEMS 

1.1 PURPOSE 
The purpose of this chapter is to summarize the existing energy systems at the City of 
Riverside (City) Regional Water Quality Control Plant (RWQCP). 

1.2 BACKGROUND 
The RWQCP is a tertiary wastewater treatment plant that currently treats approximately 
33 mgd on an average annual (AA) basis. The RWQCP has a rated capacity of 
approximately 40-mgd AA. The City seeks to develop an Integrated Master Plan for the 
Wastewater Systems Facilities to identify and plan for expansion and replacement needs 
for up to the year 2025. Energy systems are an integral part of the RWQCP operation. With 
proper planning and appropriate implementation of energy system improvements, the 
RWQCP will reduce the need for outside sources of energy (power and natural gas) and be 
able to cost effectively treat and dispose of wastewater solids. 

1.3 EXISTING ENERGY SYSTEMS  
The energy systems of the plant consist of an electrical power system, a natural gas 
system, a digester heating system, and a digester gas system. 

1.3.1 Existing Power System 

The RWQCP receives normal power from the Riverside Public Utility electrical grid and 
in-plant cogeneration system. The existing RWQCP electrical configuration and distribution 
plan are shown on Figures 1.1 and 1.2, respectively. 

The Riverside Public Utility provides two feeds into the plant’s single 12-kV overhead line. 
These two feeds originate from the same utility substation and only the feed coming into the 
plant entrance on Acorn Street is in service. The other feed is disconnected and is used as 
a backup when the Acorn feed is out of service for maintenance.  

In normal operation, the plant cogeneration system provides half of the plant current total 
load of approximately 3,000 kW, with the balance provided by the Riverside Public Utility. 

1.3.1.1 Electrical Distribution System 

The plant power sources (utility and cogeneration system) distribute power to the RWQCP’s 
substations through a single common 12-kV overhead line. The substations step down the 
voltage to 4.16 kV or 480 volts, depending on the system. Except for the headworks facility, 
the existing in-plant substations are designed in a double-ended configuration and feed 
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different Motor Control Centers (MCC) or Switchboards (SWBD) in their respective areas. 
The existing headworks facility is currently fed from a single substation, but has the 
provision for a future second substation, which if installed, would provide a double-ended 
configuration. 

1.3.1.2 Standby Power System 

The existing RWQCP cogeneration facility was designed to provide cogeneration and 
backup standby power through the controls in the plant Supervisory Control and Data 
Acquisition (SCADA) system. However, the backup standby power controls were not 
implemented in the plant SCADA system. 

Currently, when the utility power fails, the cogeneration will shut down and the plant will not 
have any power except for the headwork facilities, which is provided with portable standby 
generator hook-ups. 

1.3.1.3 Cogeneration System 

The RWQCP cogeneration system consists of three Caterpillar gas-fired lean-burn 
reciprocating engine generators. These engines are fueled by a combination of digester gas 
and natural gas, with digester gas being the primary fuel source and natural gas being used 
only when digester gas is not available. 

The RWQCP is within the jurisdiction of the South Coast Air Quality Management District 
(SCAQMD). The cogeneration engines are subject to current emissions limits as shown in 
Table 1.1. 

Table 1.1 Emission Limits for Existing Cogeneration Engines(1) 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Air Contaminant Emission Limit, lbs/hour each 

Reactive Hydrocarbons 2.1 

Nitrogen Oxide, as NOx 2.3 

Sulfur Dioxide 0.4 

Carbon Monoxide 8.0 

PM10 Particulate Matter 1.0 

Notes: 
(1) Information extracted from Table 6 of the 2003 Bio-Solids Handling Improvements 

Report; refer to Volume 8, Chapter 2 - Summary of Planning Studies. 

The engines are equipped with a continuous emission-monitoring system to ensure 
compliance with the NOx emissions limit. 
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SCAQMD is revising the emission regulations associated with engine generators. The 
revised Rule 1110.2 requirements significantly lower NOx, Volatile Organic Compound 
(VOC), and Carbon Monoxide (CO) emission requirements. Although the rule is not final 
yet, the proposed limits are listed in Table 1.2. The revised rule requires all existing engines 
to either be retrofitted to meet these requirements or shut down, by 2012. Retrofitting to 
meet the revised requirement will require the addition of a Selective Catalytic Reduction 
(SCR) system and a CO oxidation catalyst. In order for these to work, with digester gas, a 
gas conditioning system will be required to remove all siloxane and sulfur compounds. 

Table 1.2 SCAQMD Propose Rule 1110.2 Emission Limits for Existing Engines 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

Air Contaminant Emission Limit, ppm 

NOx 11 

VOC 30 

CO (fueled with natural gas) 70 

CO (fueled with 90% or more digester/landfill gas) 250 

Notes: 
(1) From SCAQMD Rule 1110.2 (proposed) January 23, 2007. 

The RWQCP has indicated that the existing cogeneration engines will be retrofitted to be 
fueled exclusively by natural gas. They will then be used as standby generators for the 
RWQCP. 

To replace the cogeneration capacity that will be lost by converting the cogeneration 
engines to a standby power source, the RWQCP is currently installing a 1,000-kW fuel cell 
installation, using digester gas as the fuel source. The RWQCP staff has also indicated that 
an additional 1,200-kW fuel cell installation is planned to be added following successful 
operation of the first fuel cell system. The addition fuel cells would be added before the 
cogeneration engines are retrofitted in 2012. 

1.3.2 Existing Natural Gas System 

A summary of the existing natural gas system at the RWQCP was included in Volume 4, 
Chapter 11 - Plant Utilities and Support Facilities. 

Natural gas is currently used as supplemental fuel for the cogeneration engines as well as 
for miscellaneous uses throughout the plant for space and domestic water heating and uses 
within the laboratory. 2006 natural gas usage data, as well as information provided by 
RWQCP staff, indicate that on average 9,500 therms/month are used by the cogeneration 
engines. This value typically ranges from 7,000 to 12,000 therms/month. The other 
non-cogeneration uses account for an average of 535 therms/month. 
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Current 2006 average natural gas costs averaged $0.90/therm for cogeneration usage and 
$1.03/therm for non-cogeneration uses. 

1.3.3 Existing Digester Heating System 

A summary of the existing digester heating system at the RWQCP was included in the 
2003 Bio-Solids Handling Improvements Report. Refer to Volume 8, Chapter 2 - Summary 
of Planning Studies. In general, the cogeneration system supplies the heat for the 
digesters. Standby boilers are used when the cogeneration system is not operation. 

Current average digester heating requirements are estimated at 3,255,000 Btu/hr with peak 
heat demand of 5,077,000 Btu/hr. The RWQCP currently accepts Fats, Oils, and Grease 
(FOG) in order to augment digester gas production. 2006 testing in one of the active 
methane digesters shows that approximately 25,000 gallons/day per digester of FOG can 
be added to supplement gas production. As such, the RWQCP plans to accept FOG to 
digest in the two active methane digesters. The amount of FOG for the two digesters was 
estimated at approximately 50,000-gallons/day total based on the results of the recent 
testing. The final amount of FOG will be dependent on availability and on how much can be 
added to the digester process without negatively impacting digester operation. The added 
FOG entering the digesters will increase the heat demand of the digestion system by an 
average of 80,000 Btu/hr, with peak additional heat needed of 1,000,000 Btu/hr. The plant 
expects to start accepting this additional FOG waste immediately. This will increase the 
projected current heat demands to 4,055,000 Btu/hr, average and 6,077,000 Btu/hr, peak. 

1.3.4 Existing Digester Gas System 

A summary of the existing digester gas system at the RWQCP was included in the 
2003 Bio-Solids Handling Improvements Report. Refer to Volume 8, Chapter 2 - Summary 
of Planning Studies. 

Current average digester gas production was measured at approximately 325,000 standard 
cubic feet per day (scfd), with a peak heat demand of approximately 455,000 scfd during 
periods with no grease addition to the digesters. As noted previously, the RWQCP currently 
accepts FOG in order to augment digester gas production. 2006 testing has indicated the 
ability to use 25,000 gallons/day of FOG within the active methane digester. The testing 
indicated that the addition of FOG resulted in approximately 7.4 scfd per gallon/day of FOG. 
Also, as noted previously, the RWQCP plans to accept approximately 50,000-gallons/day 
total of FOG to digest in the two active methane digesters. This additional 
50,000 gallons/day of FOG entering the digesters will increase digester gas production by 
an average of 370,000 scfd, with peak additional production of 480,000 scfd. The plant 
expects to start accepting this additional FOG immediately. This will increase the projected 
digester gas production to 695,000 scfd, average and 936,000 scfd, peak. RWQCP staff 
have indicated that the target gas production level is 1,000,000 scfd. To reach this target as 
average digester gas production, it is estimated that approximately 100,000 gallons/day of 
FOG would be required. 
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Table 1.3 presents the anticipated average and peak digester gas production, both with and 
without grease addition, through 2025. The gas production values were calculated by 
ratioing current 2006 values, noted above, to projected plant flows. The RWQCP plant flow 
estimate is from Volume 2, Chapter 3 - Population and Flow Projections. 

Table 1.3 Estimated RWQCP Digester Gas Production 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Year 
Flow, 
mgd 

No Grease: 
Average Gas 

Production, scfd

No Grease: Peak 
Gas Production, 

scfd 

Grease Addition: 
Average Gas 

Production, scfd 

Grease Addition: 
Peak Gas 

Production, scfd

2006 33.5 325,000 455,000 695,000 936,000 

2007 34.4 334,000 467,000 704,000 948,000 

2008 35.4 343,000 481,000 713,000 961,000 

2009 36.4 353,000 494,000 723,000 975,000 

2010 37.4 363,000 508,000 733,000 988,000 

2011 38.4 373,000 522,000 743,000 1,002,000 

2012 39.4 382,000 535,000 752,000 1,016,000 

2013 40.0 388,000 543,000 758,000 1,024,000 

2014 40.6 394,000 551,000 764,000 1,032,000 

2015 41.2 400,000 560,000 770,000 1,040,000 

2016 41.8 406,000 568,000 776,000 1,048,000 

2017 42.4 411,000 576,000 781,000 1,056,000 

2018 43.0 417,000 584,000 787,000 1,065,000 

2019 43.6 423,000 592,000 793,000 1,073,000 

2020 44.3 430,000 602,000 800,000 1,082,000 

2021 44.9 436,000 610,000 806,000 1,090,000 

2022 45.5 441,000 618,000 811,000 1,099,000 

2023 46.1 447,000 626,000 817,000 1,107,000 

2024 46.7 453,000 634,000 823,000 1,115,000 

2025 47.3 459,000 642,000 829,000 1,123,000 
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Chapter 2 

SUMMARY OF PLANNING STUDIES 

2.1 PURPOSE 
The purpose of this chapter is to summarize the planning studies, related to energy 
management, for the City of Riverside (City) Regional Water Quality Control Plant 
(RWQCP). 

2.2 PLANNING STUDIES REVIEWED 
Summaries of the various planning studies conducted for the City RWQCP are shown in 
Volume 4, Chapter 2 - Summary of Planning Studies, and Volume 8, Chapter 2 - Summary 
of Planning Studies. 

The planning studies presented, which have impacts on Energy Management, are: 

1. Volume 4, Chapter 2: 
a. 1992 Master Plan. 
b. Regional WQCP Biosolids Handling Improvements. 

1. Volume 8, Chapter 2: 
a. 2003 Bio-Solids Handling Improvements Report (2003 Report). 
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Chapter 3 

EXISTING AND FUTURE ENERGY USES 

3.1 PURPOSE 
The purpose of this chapter is to summarize the existing energy uses at the City of 
Riverside (City) Regional Water Quality Control Plant (RWQCP) and provide projections for 
future uses. 

3.2 BACKGROUND 
The RWQCP is a tertiary wastewater treatment plant that currently treats approximately 
33 mgd annual average flow. The RWQCP has a rated capacity of approximately 
40-mgd annual average flow. The City seeks to develop an Integrated Master Plan for the 
Wastewater Systems Facilities to identify and plan for expansion and replacement needs 
for up to the year 2025. Energy systems are an integral part of the RWQCP operation. With 
proper planning and appropriate implementation of energy system improvements, the 
RWQCP will reduce the need for outside sources of energy (power and natural gas) and be 
able to cost effectively treat and dispose of wastewater solids. 

3.3 EXISTING ENERGY USES  
The existing energy systems of the plant consist of an electrical power system, natural gas 
system, digester heating system, and digester gas system. 

3.3.1 Existing Power Uses 

Historical data for electrical power demand and consumption at the RWQCP were obtained 
for the period of January 2006 to December 2006. A summary from the 2006 utility data is 
as follows: 

Average Demand 2,456 kW 

Peak Demand  

Off Peak 3,179 kW 

Mid Peak 3,179 kW 

On Peak 3,096 kW 

Average Power Cost $0.0919/kWh 

Figure 3.1 shows the monthly average electricity demand at the RWQCP for the year 2006. 
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FIGURE 3.1

RWQCP 2006
MONTHLY AVERAGE

ELECTRICITY DEMAND
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3.3.2 Existing Heat Uses 

Hot water is utilized within the plant for building and process uses as described below. The 
primary heat use is for process heating of the digesters. Volume 9, Chapter 1 - Existing 
Energy Systems, presents information on the existing digester heating system. In addition, 
existing heat uses include using hot water to provide space heating and cooling for the 
Administration Building. These uses are further presented in Volume 8, Chapter 2 - 
Summary of Planning Studies. 

3.4 FUTURE ENERGY USES  
The future energy systems of the plant will continue to consist of an electrical power 
system, natural gas system, digester heating system, and digester gas system. 

3.4.1 Future Power Uses 

Based on the master plan, the anticipated future loads for the RWQCP are as follows: 

Headworks Additional 186 kW in year 2023 

Primary Clarifier, Primary EQ, MBR 
and Sludge Thickening 

Additional 1955 kW in year 2013; increase to 3047 
in year 2025 

Acid Digester Additional 186 kW in year 2013 

Disinfection Additional 8 kW in year 2020 

UV/Ozone Possible addition of 583 kW in year 2020 

WAS Thickeners Additional 34 kW in year 2027 

Figure 3.2 shows the anticipated electrical demand at the RWQCP for the next 20 years. 

3.4.2 Future Heat Uses 

Future heat uses will include additional heat needed to provide additional digester heating 
required as a result of increased plant loading and flow. Projections of future digester 
heating through 2025 are presented in Table 3.1. The basis for future projections is 
presented in Volume 9, Chapter 1 - Existing Energy Systems. 

Table 3.1 Estimated RWQCP Digester Heat Demand 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Year 
Flow, 
mgd 

No Grease: 
Average Heat 

Demand, Btu/hr 

No Grease: Peak 
Heat Demand, 

Btu/hr 

Grease Addition: 
Average Heat 

Demand, Btu/hr 

Grease Addition: 
Peak Heat 

Demand, Btu/hr 

2006 33.5 3,255,000 5,077,000 4,055,000 6,077,000 

2007 34.7 3,374,000 5,263,000 4,174,000 6,263,000 
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Table 3.1 Estimated RWQCP Digester Heat Demand 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Year 
Flow, 
mgd 

No Grease: 
Average Heat 

Demand, Btu/hr 

No Grease: Peak 
Heat Demand, 

Btu/hr 

Grease Addition: 
Average Heat 

Demand, Btu/hr 

Grease Addition: 
Peak Heat 

Demand, Btu/hr 

2008 36.0 3,493,000 5,448,000 4,293,000 6,448,000 

2009 37.2 3,255,000 5,077,000 4,055,000 6,077,000 

2010 38.4 3,342,000 5,213,000 4,142,000 6,213,000 

2011 39.4 3,440,000 5,365,000 4,240,000 6,365,000 

2012 40.4 3,537,000 5,517,000 4,337,000 6,517,000 

2013 41.5 3,634,000 5,668,000 4,434,000 6,668,000 

2014 42.5 3,731,000 5,820,000 4,531,000 6,820,000 

2015 43.5 3,828,000 5,971,000 4,628,000 6,971,000 

2016 44.4 3,887,000 6,062,000 4,687,000 7,062,000 

2017 45.2 3,945,000 6,153,000 4,745,000 7,153,000 

2018 46.1 4,003,000 6,244,000 4,803,000 7,244,000 

2019 46.9 4,061,000 6,335,000 4,861,000 7,335,000 

2020 47.8 4,120,000 6,426,000 4,920,000 7,426,000 

2021 48.7 4,178,000 6,517,000 4,978,000 7,517,000 

2022 49.6 4,236,000 6,608,000 5,036,000 7,608,000 

2023 50.4 4,304,000 6,714,000 5,104,000 7,714,000 

2024 51.3 4,363,000 6,805,000 5,163,000 7,805,000 

2025 52.2 4,421,000 6,896,000 5,221,000 7,896,000 

Table 3.1 presents the anticipated average and peak digester heating demand both with 
and without grease addition through 2025. The heat demands were calculated by ratioing 
the values, noted above, to projected RWQCP flows. The RWQCP flow estimate is from 
Volume 2, Chapter 3 - Population and Flow Projections. 
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FIGURE 3.2
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Chapter 4 

ENERGY SAVING OPTIONS 

4.1 PURPOSE 
The purpose of this chapter is to identify and discuss various energy saving options that 
can be implemented for the Regional Water Quality Control Plant (RWQCP) expansions. 
The chapter also presents some of the energy saving measures, which are already in place 
at the RWQCP and can be expanded in the future expansion projects.  

4.2 CONCLUSIONS AND RECOMMENDATIONS 
• Major energy saving measures such as Variable Frequency Drive (VFD) applications, 

efficient blowers and diffusers, cogeneration, premium efficiency motors, medium 
voltage motors and distribution system, natural lighting, and energy efficient lighting 
and controls are already in place at the RWQCP. These measures are recommended 
to be included as design criteria for any future expansion projects. 

• Currently, the RWQCP is installing a 1,000-kW fuel cell cogeneration system by the 
end of year 2007 as part of its energy saving program. The City of Riverside (City) 
also plans to install an additional 1,200-kW fuel cell system by the year 2012. 

• Recommendations:  
– Upgrade the existing plant Supervisory Control and Data Acquisition (SCADA) 

system to include a Computerized Load Management System (CLMS) to 
continuously monitor the plant power usage and provide energy management in 
terms of demand and supply. The CLMS can also provide a load-shedding and 
load-adding sequence. It will also help with peak-shaving, off-peak power use, 
and generator optimization. 

– Retrofit existing eddy-current drives with VFDs for the three 250-hp filter influent 
pumps and two 100-hp waste backwash pumps. Replace the pump motors with 
premium efficiency motors. 

– Use Title 24, Part 6, of the California Code of Regulations: “California’s Energy 
Efficiency Standards for Residential and Nonresidential Buildings” as a design 
guideline for new facility construction. 

4.3 BACKGROUND 
As discussed in Volume 9, Chapter 3 - Existing and Future Energy Uses, electrical power 
demand and energy consumption at the RWQCP will increase as the plant flow increases. 
For the year 2006, the RWQCP paid nearly $1.7 million for the Plant 1 and Plant 2 electric 
energy bill (average demand about 2,456 kW at an average rate of $0.09/kWh). It is 
anticipated that power demand and energy usage at the RWQCP will almost double by the 
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year 2012. In the future, electricity rates are likely to continue increasing, prompting the 
RWQCP to take measures to implement energy saving projects. 

4.4 IMPLEMENTED ENERGY SAVING MEASURES 
The major existing energy consumption process for the RWQCP plant is the aeration 
process, which consumes about 50 percent of the total running load. Other substantial 
loads of the plant are Return Activated Sludge (RAS) pumps, Waste Activated Sludge 
(WAS) pumps, mixed liquor pumps, filter influent pumps, backwash pumps, and waste 
backwash pumps. 

The following are energy saving measures, which are already incorporated at the RWQCP 
plant: 

• Efficient blowers and diffusers. 

• VFD application for all pumps except for three of the filter influent pumps and two of 
the waste backwash pumps. 

• Premium efficiency motors. 

• Gas engine cogeneration. 

• Fuel cell cogeneration. 

• Natural lighting. 

• Energy efficient lighting and controls. 

• Medium voltage motors. 

• Medium voltage distribution system. 

It is recommended that future RWQCP expansions continue to include these energy saving 
measures (except gas engine cogeneration). 

4.5 ENERGY SAVING OPTIONS 
The energy saving options that could be implemented at the RWQCP are described in this 
section. 

4.5.1 Computerized Load Management System 

As part of the electrical system upgrades and conversion of the cogeneration gas engine 
generators to backup standby power for the RWQCP expansion (Volume 9, Chapter 6 - 
Standby Power), a CLMS could be used to learn how and when each piece of equipment 
uses energy. The rate at which energy is used will vary throughout the day, depending 
upon factors such as influent flows and biological oxygen demand. A CLMS could plot daily 
electrical load as a function of time for different plant loading conditions and identify which 
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large equipment can be operated off-peak. It could also examine all available rate 
schedules to determine which can provide the lowest cost in conjunction with appropriate 
operational changes by reducing peak demand or shifting loads to off-peak. 

The CLMS would include, but not be limited to, the following functions: 

• Power monitoring. 

• Energy management. 

• Load management and scheduler. 

• Generator priority sequence and optimization. 

• Circuit breaker control and monitoring. 

• Load-shedding sequence. 

• Load-adding sequence. 

• Advanced power quality analysis. 

• Reports, event records, trending, and historical data. 

• Graphical user interface. 

• Graphical plant electrical system. 

• Password protected for different level access authority. 

4.5.2 Retrofit Existing Eddy-Current Drives with VFDs 

There are three 250-hp Filter Influent Pumps (Nos. 1 through 3) that use eddy-current 
drives and three other 125-hp Filter Influent Pumps (Nos. 4 through 6) that use VFDs. 
There are also two 100-hp Waste Backwash Pumps that currently use eddy-current drives. 
These loads constitute about 20 percent of the plant load when these pumps are running at 
full load. 

A well-engineered and maintained eddy-current drive application can save energy by 
allowing motors to operate at reduced speed. However, in this case, the RWQCP plant 
flows have increased to the point that these eddy-current drives are operating at 
100-percent speed the majority of the time. It is recommended that the eddy-current drives 
be replaced with VFDs to provide greater operating flexibility. In conjunction with the new 
VFDs, replace the pump motor with a VFD-rated and premium efficiency motor. This retrofit 
will yield energy and maintenance savings due to greater pumping system efficiency and 
less frequent maintenance when compared to eddy-current drives. 

February 2008 4-3 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 09\Ch04.doc 



4.5.3 Implement Title 24 Design Guidelines 

Part 6 of Title 24 of the California Code of Regulations contains standards for energy 
efficiency for buildings. The standards were established in 1978 in response to a legislative 
mandate to reduce California's energy consumption. The standards are updated 
periodically to allow consideration and possible incorporation of new energy efficiency 
technologies and methods. 

The wastewater facility is not required to comply with this standard, but it is recommended 
that this standard act as a design guideline for new RWQCP facility construction.  

4.5.4 Implement Leadership in Energy and Environmental Design 
Standard 

The Leadership in Energy and Environmental Design (LEED) is the nationally accepted 
benchmark for the design, construction, and operation of high-performance green buildings. 
LEED encourages and accelerates global adoption of sustainable green building and 
development practices through the creation and implementation of universally understood 
and accepted tools and performance criteria. 

The City has adopted a “Green Municipal Building Policy,” for new City buildings in excess 
of 5,000 square feet, to meet the LEED standard. All buildings proposed as part of the 
Master Plan will be designed and constructed to meet the LEED standard. 

4.5.5 Other Energy Saving Ideas 
• Maintenance: A program of regular cleaning, replacement, and maintenance of lamps 

and luminaries can significantly save energy. A typical lamp, as it reaches 80 percent 
of its useful life, produces 15 to 35 percent less light due to lamp degradation. Dust, 
dirt, and other materials on lamps, reflectors, and lenses can decrease lighting output 
by 30 percent or more. Photocells used to activate outdoor lights should also be 
cleaned regularly. 

• General Operation and Maintenance: For older space conditioning systems, replacing 
the heating pilot light with an electronic intermittent ignition device will eliminate 
unnecessary energy use. To prevent energy losses caused by dirt, maintenance 
routines should include regular cleaning of the cooling condenser, evaporator coils, 
and intake louvers. Regular cleaning of air filters alone can lower energy use as much 
as 20 percent and extend equipment life. Outside air economizers should be cleaned 
regularly and checked to ensure that they are functioning properly. 

• Lighting Controls: Simple controls can eliminate unnecessary lighting in the many 
facility areas that do not require continuous lighting. Occupancy sensors detect the 
presence of personnel within an area and turn lights on and off accordingly. Time 
switches that turn lighting systems on and off are useful for outdoor signs, security 
lighting, and corridors. Dimming systems take advantage of daylight to further reduce 
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energy use and costs. Photocell controls provide easy, effective on/off switching of 
outdoor lighting. In addition, photocells can be combined with time switch controls for 
areas that do not require lighting all night. 

• Power Factor Correction: A low power factor is frequently caused by motors that run 
less than fully loaded. This also wastes energy because motor efficiency drops off 
below 75-percent load. Examine motor systems to determine if the motor should be 
resized or if a smaller motor can be added to handle lower loads. Perform a 
plant-wide power factor study to determine which of the plant busses require power 
factor correction. A power factor can also be corrected by installing a capacitor in 
parallel with equipment that is run at less than full load. 

• Reduction in Harmonics: As more and more applications of non-linear equipment 
such as VFDs, Uninterruptible Power Supplies (UPS), fluorescent lamps, computers, 
etc., are used in the plant, more harmonics are being introduced to the electrical 
system. Besides causing unwanted tripping to relaying, telephone interference, 
misoperation to electronic equipment, and resonance, harmonics also generate heat 
losses in transformers, cables, switchgear, motors, and generators. Measures such 
as harmonic filters and 18-pulse technology for VFDs rated 100 hp and above, can be 
used to mitigate the harmonics. 

• Energy Efficient NEMA TP-1 Dry-Type Low-Voltage Distribution Transformers: The 
goal of NEMA TP-1 efficiency levels for 600-volt class distribution transformer is to 
reduce energy consumption when the transformer is lightly loaded. At low load levels, 
no load losses account for most of the losses of a transformer. A NEMA TP-1 
transformer is the most efficient transformer and the most economical choice for 
applications where the anticipated daily loading of a distribution transformer is around 
40 percent or less of the full capacity of the transformer. 
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Chapter 5 

POWER SUPPLY ALTERNATIVES 

5.1 PURPOSE 
The purpose of this chapter is to present alternatives for future power supply for the City of 
Riverside (City) Regional Water Quality Control Plant (RWQCP). 

5.2 CONCLUSIONS AND RECOMMENDATIONS 
• Due to more stringent emission requirements for cogeneration engines, the City has 

decided to convert their existing cogeneration engines to standby generators, which 
do not require the same ultra-low emissions. 

• The City has decided to install a new 1,000-kW fuel cell cogeneration system and 
follow with another 1,200-kW fuel cell system once the first project is installed and 
proven. 

• At the project meeting on April 16, 2007, the City decided to install a low-pressure 
gasholder because of the higher capital and maintenance costs associated with 
high-pressure digester gas systems. 

5.3 BACKGROUND 
The RWQCP is a tertiary wastewater treatment plant that currently treats approximately 
33 mgd. The RWQCP has a rated capacity of approximately 40 mgd. The City seeks to 
develop an Integrated Master Plan for the Wastewater Systems Facilities to identify and 
plan for expansion and replacement needs for up to the year 2025. Energy systems are an 
integral part of the RWQCP operation. With proper planning and appropriate 
implementation of energy system improvements, the RWQCP will be able to cost effectively 
treat and dispose of wastewater solids. 

5.4 POWER SUPPLY ALTERNATIVES  
Various electrical power supply alternatives are available at the RWQCP. These include the 
following: 

1. Utility Power (Dual Feeds). 

2. Continued Use of Existing Cogeneration System. 

3. Use of New Fuel Cells (currently being installed). 

4. Planned Fuel Cell Expansion. 

The above alternatives are discussed in more detail as follows. 
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5.4.1 Utility Power (Dual Feeds) 

The plant receives utility power from the Riverside Public Utilities at a 12-kV voltage level. 
The Riverside Public Utilities provides dual feeds, which originate from the same utility 
substation into the plant distribution system. Only the feed coming into the plant entrance 
on Acorn Street is in service, while the other feed is disconnected and is used as a backup 
when the Acorn feed is out of service for maintenance. 

At present, it is not known if there is a plan for the Riverside Public Utilities to provide a 
separate utility substation for the other feed. Because it is a single feed, the existing utility 
configuration does not provide power reliability to the plant. The plant will lose power when 
the utility substation requires maintenance or when the substation experiences an electrical 
disturbance/fault. The existing plant generation system is not currently able to operate as a 
standby power source. 

Standby power alternatives are discussed in Volume 9, Chapter 6 - Standby Power. 

5.4.2 Existing Cogeneration System 

The plant currently has three 1,100-kW lean-burn engine generators installed that are used 
to generate heat and power for the RWQCP. The engines were installed in approximately 
1999. The engines are fueled with a mixture of digester gas and natural gas. Typically, one 
or two engines are operated depending on gas availability and the economics of the 
operating units. During periods of high electric utility cost (on peak periods) two engines are 
operated as much as possible to minimize the purchase of high-priced power. The RWQCP 
generates enough digester gas when the digesters are not augmented with Fats, Oils, and 
Grease (FOG) to generate approximately 900 kW of electric power on average. Operation 
of one engine at full load and/or operation of the second engine requires either digester gas 
augmentation with FOG addition or natural gas usage. 

The engines have heat recovery systems installed which recover heat from the engine 
jacket water-cooling system as well as from the engine exhaust. Heat is recovered as hot 
water into the RWQCP’s hot water heating system. Heat provided by the operating 
engine(s) is sufficient to provide plant heating needs during all but the most extreme cold 
weather conditions. 

Recent proposed changes by South Coast Air Quality Management District (SCAQMD) will 
impact the existing cogeneration engine generators. 

5.4.2.1 SCAQMD Regulations 

SCAQMD has recently proposed new regulations for both new and existing engine 
generators operating within the SCAQMD air basin. The new emission rule, while not final 
and approved, is expected to be implemented in 2008. The proposed rule is SCAQMD 
Rule 1110.2. The rule will require new and existing engine generators to meet ultra-low 
NOx, CO, and VOC emission requirements, as well as require installation of Continuous 
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Emissions Monitoring (CEMS) equipment. The rule mandates that existing non-standby 
engine generators be modified to meet the new ultra-low emission requirements or be shut 
down. There is a sliding schedule for implementation of the new standard that will affect the 
existing engines. Engines fueled with natural gas must be retrofitted or shut down prior to 
2010, while engines fueled with digester and/or landfill gas must be retrofitted or shut down 
prior to 2012. The existing engine generators likely would fall into the 2010 scheduling 
window.  

The existing engine generators currently have CEMS equipment installed. In order to meet 
the ultra-low emissions requirements, the existing engine generators would need to be 
modified to include both Selective Catalytic Reduction (SCR) and CO oxidation catalyst 
equipment. In order to assure that this equipment will be operational with digester gas, fuel 
treatment equipment designed to remove all H2S and siloxane compounds from the 
digester and landfill gas would also be required.  

Cost estimates for installing systems are included in Appendix A and are summarized in 
Table 5.1. 

Table 5.1 Estimated Construction Costs 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Estimated Construction Costs 

Fuel Conditioning System $2,479,000 

SCR Equipment $1,125,000 

CO Oxidation Catalyst Equipment $471,000 

Total Project Costs $5,297,000 

These systems will also significantly increase operations and maintenance costs of the 
existing engine generator systems.  

The City has made a decision, based on the expected costs, to convert the existing engines 
to natural gas only operation for use as standby generators. Emission rules for standby 
generators do not require the ultra-low emissions noted above, thus the modifications noted 
above would not be required. 

5.4.3 New Cogeneration System 

As part of the conversion of the existing engine generator systems to standby engines, the 
City has decided to install a new cogeneration system. The City is currently installing a new 
1,000-kW fuel cell project and plans to follow this with another 1,200-kW fuel cell project 
once the first project is installed and proven. 
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5.4.3.1 Existing Fuel Cell Project 

The City has contracted with Alliance Power to install a new 1,000-kW fuel cell 
cogeneration system at the RWQCP. The project is currently under design with installation 
expected to be complete in early 2008. The existing fuel cell project consists of installing a 
Fuel Cell Energy FCE1500 fuel cell system complete with hot water heat recovery 
equipment, fuel treatment, and all ancillary equipment required to install and operate the 
new fuel cell system at the RWQCP. The City will receive a grant from the State of 
California Self Generation Incentive Program (SGIP). The SGIP will provide $4,500,000 to 
the City once the project is operational.  

5.4.3.2 Planned Fuel Cell Expansion 

The City plans to install a similar 1,200-kW fuel cell system following installation of the 
existing fuel cell project. Estimated construction and project costs associated with this 
project are included in Appendix A and are summarized in Table 5.2. 

Table 5.2 1,200-kW Fuel Cell Installation 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Estimated Construction Costs 

Estimated Construction Costs $10,139,000 

Total Project Costs $13,181,000 

The City has indicated that they expect to receive grant funding for a portion of the project 
cost from the SGIP. As currently written, the SGIP only allows funding to be received up to 
a total of $4,500,000 for fuel cell installations. In order for the City to realize additional 
funding from the SGIP, program changes must first be made by the program administrators. 
The possibility of receiving additional funding cannot be assured at this time. 

5.4.4 Existing Digester Gas System 

The existing digester gas system is comprised of a piping network that collects digester gas 
from all active digesters. The digester gas is conveyed either via numerous gas boosters to 
existing boilers or via compressors to the existing cogeneration system. Digester gas not 
used by the above boilers or existing cogeneration equipment is automatically flared in the 
RWQCP emergency flare. The digester gas system collects digester gas at pressures that 
range from 7 to 14 inches of water column. The City has expressed concern regarding 
operation of the existing digester gas system. Control of blower, compressors, and the flare 
are very difficult due to lack of adequate volume within the digester gas system. When 
devices start/stop or change load, the pressure within the digester gas system changes. 
These abrupt changes impact the control schemes of the operating equipment causing 
operational issues with the digester gas utilizing equipment. The City has requested that 
digester gas storage be included within the digester gas system to alleviate the pressure 
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control problems. Two types of storage are utilized within digester gas systems, 
low-pressure digester gasholders or high-pressure digester gasholders.  

5.4.4.1 Low-Pressure Digester Gasholders 

Low-pressure digester gasholders consist of an expandable storage vessel capable of 
holding approximately 10,000 cubic feet (can be larger or smaller). As digester gas 
production increases or digester gas usage decreases, excess digester gas expands the 
gasholder, similarly as digester gas production decreases or digester gas usage increases, 
digester gas is drawn from the gasholder. As long as the gasholder is not completely full or 
empty the pressure within the digester gas system remains constant during these changes. 
Thus operation of digester gas equipment would no longer be impacted by pressure 
fluctuations. A key advantage offered by this type of system is the ability to utilize level (or 
volume) measurements within the gasholder as control signals for the operating digester 
gas equipment. Because of the large volumes stored in the gasholder, control is greatly 
simplified.  

The costs to install a 10,000 cubic foot gasholder into the existing low-pressure digester 
gas system has been estimated. Estimated construction and project costs associated with 
this project are included in Appendix A and are summarized in Table 5.3. 

Table 5.3 10,000-Cubic Foot Gasholder Installation 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

 Estimated Construction Costs 
Estimated Construction Costs $1,046,000 
Total Project Costs $1,360,000 

5.4.4.2 High-Pressure Digester Gasholders 

High-pressure digester gasholders appropriate for the RWQCP would consist of a 
high-pressure storage sphere capable of holding approximately 250,000 cubic feet of 
digester gas. The sphere would have a design pressure of approximately 75 psig. One or 
two high-pressure compressors would be part of the system. The compressors would 
compress low-pressure digester gas for storage into the high-pressure gasholder. Typically, 
high-pressure storage spheres are used to allow storage of digester gas for later use. A 
common use is to allow for multiple engines to be run during peak power periods. Using a 
high-pressure gasholder for pressure control in a low-pressure digester gas system is not 
typically done, although it is possible. Unlike the low-pressure gasholder previously 
described, installation of a high-pressure gasholder will not allow the low-pressure gas 
system to operate at constant pressure. Operation of the gas storage system is typically 
done by pressure control, such that as pressure increases above a preset value, the lead 
compressor operates to store gas, as gas pressure falls below a preset value a 
pressure-reducing valve opens to admit high-pressure digester gas into the low-pressure 
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system. Without significant design attention, such a system may not address the issue of 
pressure fluctuation control desired by the City. 

The costs to install a 250,000-cubic foot high-pressure gasholder into the existing 
low-pressure digester gas system have been estimated. Estimated construction and project 
costs associated with this project are included in Appendix A and are summarized in 
Table 5.4. 

Table 5.4 250,000-Cubic Foot High-Pressure Gasholder 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

 Estimated Construction Costs 
Estimated Construction Costs $4,076,000 
Total Project Costs $5,299,000 

In addition, high-pressure digester gasholders require significant operating and 
maintenance expenses. The digester gas compression equipment will include an 
approximately 150-hp compressor. The compression equipment is very 
maintenance-intensive and requires electricity to operate. In addition, annual inspections of 
the ASME-stamped storage vessel are required. Annual operating costs for a high-pressure 
storage system could be $25,000 to $75,000 per year. 
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Appendix A 
COST ESTIMATES 



PROJECT : Cogen Preliminary Design DATE : 15-Jun-07
Riverside RWQCP BY : TGM

JOB # : 7472A.00 CHECKED :

SUBJECT: Fuel Treatment System DATE : 15-Jun-07

DIVISION DESCRIPTION QTY. UNIT UNIT PRICE
INSTALL 
ADJ.

TOTAL

2 thru 10 BUILDING & SITE WORK

None 0 SF $0 1.00 $0

11 EQUIPMENT

Fuel Treatment System 1 LS $1,000,000 1.25 $1,250,000

15 MECHANICAL

Misc. piping 1 LS $15,000 1.00 $15,000

SUBTOTAL $1,265,000

16 ELECTRICAL AND INSTRUMENTATION - 15% 1 LS $190,000 1.00 $190,000

SUBTOTAL $1,455,000

CONTINGENCY - 30% $437,000

SUBTOTAL $1,892,000

0 GENERAL CONDITIONS

General Conditions - 10% $189,000

General Overhead & Profit - 15% $284,000

Sales Tax - 7.75% on material $73,000

SUBTOTAL $546,000

Bid Market Allowance - 15% $41,000

TOTAL CONSTRUCTION COST $2,479,000

DESIGN, CONSTRUCTION ADMINISTRATION

AND PROJECT MANAGEMENT - 30% 1 LS $744,000 1.00 $744,000

SUBTOTAL $744,000

Total Project Cost $3,223,000

Installation adj. accounts for freight, taxes, installation and contractor O&P associated with installing equipment.  
When listed as 1.00, these costs are included in the unit price.

Cost Estimates - 1.xls; Fuel Treatment

6/15/2007; TGM  ] of]
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PROJECT : Cogen Preliminary Design DATE : 15-Jun-07
Riverside RWQCP BY : TGM

JOB # : 7472A.00 CHECKED :

SUBJECT: SCR System Installation DATE : 15-Jun-07

DIVISION DESCRIPTION QTY. UNIT UNIT PRICE
INSTALL 

ADJ.
TOTAL

2 thru 10 BUILDING & SITE WORK

None 0 SF $0 1.00 $0

11 EQUIPMENT

SCR System 3 LS $145,000 1.25 $543,750

15 MECHANICAL

Misc. piping 3 LS $10,000 1.00 $30,000

SUBTOTAL $573,750

16 ELECTRICAL AND INSTRUMENTATION - 15% 1 LS $86,000 1.00 $86,000

SUBTOTAL $659,750

CONTINGENCY - 30% $198,000

SUBTOTAL $857,750

0 GENERAL CONDITIONS

General Conditions - 10% $86,000

General Overhead & Profit - 15% $129,000

Sales Tax - 7.75% on material $33,000

SUBTOTAL $248,000

Bid Market Allowance - 15% $19,000

TOTAL CONSTRUCTION COST $1,124,750

DESIGN, CONSTRUCTION ADMINISTRATION

AND PROJECT MANAGEMENT - 30% 1 LS $337,000 1.00 $337,000

SUBTOTAL $337,000

Total Project Cost $1,461,750

Installation adj. accounts for freight, taxes, installation and contractor O&P associated with installing equipment.  

When listed as 1.00, these costs are included in the unit price.

Cost Estimates - 1.xls; SCR

6/15/2007; TGM
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PROJECT : Cogen Preliminary Design DATE : 15-Jun-07
Riverside RWQCP BY : TGM

JOB # : 7472A.00 CHECKED :

SUBJECT: CO Catalyst Installation DATE : 15-Jun-07

DIVISION DESCRIPTION QTY. UNIT UNIT PRICE
INSTALL 

ADJ.
TOTAL

2 thru 10 BUILDING & SITE WORK

None 0 SF $0 1.00 $0

11 EQUIPMENT

CO Catalysts 3 LS $60,000 1.25 $225,000

15 MECHANICAL

Misc. piping 3 LS $5,000 1.00 $15,000

SUBTOTAL $240,000

16 ELECTRICAL AND INSTRUMENTATION - 15% 1 LS $36,000 1.00 $36,000

SUBTOTAL $276,000

CONTINGENCY - 30% $83,000

SUBTOTAL $359,000

0 GENERAL CONDITIONS

General Conditions - 10% $36,000

General Overhead & Profit - 15% $54,000

Sales Tax - 7.75% on material $14,000

SUBTOTAL $104,000

Bid Market Allowance - 15% $8,000

TOTAL CONSTRUCTION COST $471,000

DESIGN, CONSTRUCTION ADMINISTRATION

AND PROJECT MANAGEMENT - 30% 1 LS $141,000 1.00 $141,000

SUBTOTAL $141,000

Total Project Cost $612,000

Installation adj. accounts for freight, taxes, installation and contractor O&P associated with installing equipment.  

When listed as 1.00, these costs are included in the unit price.

Cost Estimates - 1.xls; CO

6/15/2007; TGM
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PROJECT : Cogen Preliminary Design DATE : 15-Jun-07
Riverside RWQCP BY : TGM

JOB # : 7472A.00 CHECKED :

SUBJECT: Low Pressure Digester Gas Storage DATE : 15-Jun-07

DIVISION DESCRIPTION QTY. UNIT UNIT PRICE
INSTALL 

ADJ.
TOTAL

2 thru 10 BUILDING & SITE WORK

Pad 2000 SF $25 1.00 $50,000

11 EQUIPMENT

10,000 cu. Ft. Low pressure storage holder 1 LS $500,000 1.00 $500,000

15 MECHANICAL

Misc. piping 1 LS $20,000 1.68 $33,600

SUBTOTAL $533,600

16 ELECTRICAL AND INSTRUMENTATION - 15% 1 LS $80,000 1.00 $80,000

SUBTOTAL $613,600

CONTINGENCY - 30% $184,000

SUBTOTAL $797,600

0 GENERAL CONDITIONS

General Conditions - 10% $80,000

General Overhead & Profit - 15% $120,000

Sales Tax - 7.75% on material $31,000

SUBTOTAL $231,000

Bid Market Allowance - 15% $17,000

TOTAL CONSTRUCTION COST $1,045,600

DESIGN, CONSTRUCTION ADMINISTRATION

AND PROJECT MANAGEMENT - 30% 1 LS $314,000 1.00 $314,000

SUBTOTAL $314,000

Total Project Cost $1,359,600

Installation adj. accounts for freight, taxes, installation and contractor O&P associated with installing equipment.  

When listed as 1.00, these costs are included in the unit price.
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PROJECT : Cogen Preliminary Design DATE : 15-Jun-07
Riverside RWQCP BY : TGM

JOB # : 7472A.00 CHECKED :

SUBJECT: High Pressure Digester Gas Storage DATE : 15-Jun-07

DIVISION DESCRIPTION QTY. UNIT UNIT PRICE
INSTALL 

ADJ.
TOTAL

2 thru 10 BUILDING & SITE WORK
40'x30' compressor bldg @ $125/sq ft 1200 SF $125 1.00 $150,000
Storage Sphere Pad 2500 SF $25 1.00 $62,500

11 EQUIPMENT

500scfm 150 HP 70 psig Oil flooded rotary screw compr. 2 LS $100,000 1.50 $300,000

250,000cfm / 50 psig CS storage sphere 1 LS $1,750,000 1.00 $1,750,000

15 MECHANICAL

Misc. piping 1 LS $20,000 1.50 $30,000

SUBTOTAL $2,080,000

16 ELECTRICAL AND INSTRUMENTATION - 15% 1 LS $312,000 1.00 $312,000

SUBTOTAL $2,392,000

CONTINGENCY - 30% $718,000

SUBTOTAL $3,110,000

0 GENERAL CONDITIONS

General Conditions - 10% $311,000

General Overhead & Profit - 15% $467,000

Sales Tax - 7.75% on material $121,000

SUBTOTAL $899,000

Bid Market Allowance - 15% $67,000

TOTAL CONSTRUCTION COST $4,076,000

DESIGN, CONSTRUCTION ADMINISTRATION

AND PROJECT MANAGEMENT - 30% 1 LS $1,223,000 1.00 $1,223,000

SUBTOTAL $1,223,000

Total Project Cost $5,299,000

Installation adj. accounts for freight, taxes, installation and contractor O&P associated with installing equipment.  

When listed as 1.00, these costs are included in the unit price.
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PROJECT : Cogen Preliminary Design DATE : 15-Jun-07
Riverside RWQCP BY : TGM

JOB # : 7472A.00 CHECKED :

SUBJECT: Fuel Cell System DATE : 15-Jun-07

DIVISION DESCRIPTION QTY. UNIT UNIT PRICE
INSTALL 

ADJ.
TOTAL

2 thru 10 BUILDING & SITE WORK

Pad 3500 SF $25 1.00 $87,500

11 EQUIPMENT

Fuel Cell System 1 LS $3,720,000 1.30 $4,836,000

15 MECHANICAL

Misc. piping 1 LS $150,000 1.68 $252,000

SUBTOTAL $5,175,500

16 ELECTRICAL AND INSTRUMENTATION - 15% 1 LS $776,000 1.00 $776,000

SUBTOTAL $5,951,500

CONTINGENCY - 30% $1,785,000

SUBTOTAL $7,736,500

0 GENERAL CONDITIONS

General Conditions - 10% $774,000

General Overhead & Profit - 15% $1,160,000

Sales Tax - 7.75% on material $300,000

SUBTOTAL $2,234,000

Bid Market Allowance - 15% $168,000

TOTAL CONSTRUCTION COST $10,138,500

DESIGN, CONSTRUCTION ADMINISTRATION

AND PROJECT MANAGEMENT - 30% 1 LS $3,042,000 1.00 $3,042,000

SUBTOTAL $3,042,000

Total Project Cost $13,180,500

Installation adj. accounts for freight, taxes, installation and contractor O&P associated with installing equipment.  

When listed as 1.00, these costs are included in the unit price.
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Chapter 6 

STANDBY POWER 

6.1 PURPOSE 
The purpose of this chapter is to evaluate expansion alternatives for the Regional Water 
Quality Control Plant (RWQCP) standby power system that will meet California Title 22 
standards and EPA reliability criteria. The chapter also presents electrical system 
modifications that could be implemented to address the standby power requirements.  

6.2 CONCLUSIONS AND RECOMMENDATIONS 
1. The existing electrical system does not have permanent standby power and the 

RWQCP receives power from a single utility source. 

2. The RWQCP power sources (utility and cogeneration) distribute the power to the 
plant’s substations through a single common 12-kV overhead line. Failure of this 
overhead line will affect both power sources. 

3. The existing RWQCP electrical power system may not meet California Title 22 
standards and EPA reliability criteria because it does not have two separate and 
independent sources of electric power supply and a redundant 12-kV distribution 
system. 

4. The plant overflow storage capability during a power failure is estimated to be 
between 2 and 3 hours. 

5. Recommendations: 
a. Install a 12-kV underground duct bank system to complement the in-plant single 

12-kV overhead line distribution system. A 12-kV switching center will need to 
be provided adjacent to the cogeneration facility to distribute to this 
underground system. 

b. Retrofit the existing gas engine cogeneration system to a standby power 
generation system.  

c. Retrofit or install the fuel cell cogeneration systems so that they will provide 
standby power in parallel with the gas engine generators. 

d. Modify or upgrade the existing RWQCP control system and electrical system to 
provide a standby power system. 

6.3 BACKGROUND 
The EPA has electrical equipment reliability requirements for wastewater treatment plants, 
which include: 

• Two separate and independent sources of electric power (e.g., utility and on-site 
generator). In this respect, independent sources include dual utility feeds, but only if 
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they are provided from two separate utility substations. Feeders that originate from a 
common utility substation do not satisfy the criterion for source independence. 

• The capacity of the backup power source shall be sufficient to operate all “vital” 
components during peak wastewater flow conditions (Reliability Class I). 

• The independent sources of power shall be distributed to the site transformers in 
such a way as to minimize common mode failures from affecting both sources. For 
example, power source feeders cannot share common transmission/distribution poles 
or other common structures. 

Similar reliability is also required by Title 22 water reclamation criteria. In addition, Title 22 
requires a power supply reliability feature to include short-term retention or disposal for at 
least a 24-hour period. 

The existing RWQCP cogeneration facility was designed to provide cogeneration and 
backup standby power through the controls in the plant Supervisory Control and Data 
Acquisition (SCADA) system. However, these backup standby power controls were not 
implemented in the plant SCADA. In normal operation, the plant cogeneration provides half 
of the plant’s current total load of 3,000 kW, with the balance provided by the Riverside 
Public Utilities. 

The Riverside Public Utilities provides two feeds into the plant’s single 12-kV overhead line. 
These two feeds originate from the same utility substation and only the feed coming into the 
plant entrance on Acorn Street is in service. The other feed is disconnected and is used as 
a backup when the Acorn feed is out of service for maintenance. Because the two feeds are 
not from two separate utility substations, the plant will lose power when the utility substation 
requires maintenance or when the substation experiences a disturbance/electrical fault. 

The existing RWQCP electrical configuration and distribution plan are shown in Figure 6.1 
and Figure 6.2, respectively. As shown on both Figure 6.1 and 6.2, the plant power sources 
(utility and cogeneration generation) distribute the power to the plant’s substations through 
a single common 12-kV overhead line. Failure of this overhead line will affect both power 
sources. Since the existing in-plant substations are designed in a double-ended 
configuration, it is recommended that a new 12-kV underground duct bank system be 
installed as a redundant feed to the overhead line. In addition, a 12-kV switching center 
should be provided adjacent to cogeneration facility, to distribute the underground system 
to one end of the double-ended substations. The substations will then have one feed from 
the 12-kV overhead line and the second feed from the 12-kV underground system.
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FIGURE 6.1

EXISTING RWQCP
ELECTRICAL CONFIGURATION

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

20-Riverside2-08 Volume 9-F6.1-7472A00.CDR



EXISTING RWQCP 
ELECTRICAL DISTRIBUTION PLAN

FIGURE 6.2 

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN
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Currently, when the utility power fails, the cogeneration will shut down and the plant will not 
have any power except for the headwork facilities that are provided with portable backup 
generator hook-ups. It is estimated that the plant overflow storage capability during a power 
failure is between 2 and 3 hours depending on how much water is in the existing and new 
equalization basins.  

Based on the above analysis, the existing RWQCP electrical system may not meet 
California Title 22 standards and EPA reliability criteria for two reasons:  

1. There are no separate and independent sources of electric power supply. 

2. There is no redundant power distribution system. 

6.4 CRITICAL LOADS 
The previous report “TM-1 Backup Power/Cogeneration,” May 1992 by Montgomery, 
estimated that critical power need is about 70 percent of total plant running load. Based on 
this type of analysis on previous Carollo projects, it is anticipated that the critical loads will 
be about 75 percent of the total plant running load. 

Based on existing and a projection of future electrical loads (estimate shown on the 
spreadsheet in Appendix A), estimated critical loads at the RWQCP would be 1,800 kW at 
the current plant flow rate of 33 mgd, and with an additional 2,500 kW required at the future 
plant flow rate of 52 mgd. This yields a total estimated 4,300 kW of critical loads.  

6.5 EXISTING GENERATION CAPABILITIES 
There are three 1,100-kW gas engine generators, yielding a total 3,300 kW for standby 
power. These generators are mainly fueled by digester gas, but have the capability of 
utilizing natural gas fuel. At present, these generators provide about half of the plant’s total 
running loads of 3,000 kW. They parallel with the utility supply. 

By end of year 2007, the RWQCP will have an additional of 1,200 kW of generation 
capabilities when the fuel cell system is installed. It is assumed that the installed fuel cell 
system can be configured to provide standby power capability, can be parallel to the gas 
engine generators, and have the capability of utilizing natural gas as fuel. The City of 
Riverside (City) also plans to install an additional 1,200-kW fuel cell system by the year 
2012. 

With the gas engine generators and fuel cell systems, the RWQCP would have 4,500-kW of 
generation capacity, which exceeds the 4,300 kW of critical loads. The generation capacity 
would depend on sufficient availability of fuel during a power outage. 
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6.6 STANDBY POWER ALTERNATIVES 

6.6.1 Alternative 1 - Multiple Small Diesel Generators and Automatic 
Transfer Switches 

In this alternative, diesel generators and transfer switches are added to each of the existing 
double-ended plant substations. The generators will be sized to supply the critical load for 
the substation.  

This alternative would require:  

• One 480-volt generator for each double-ended substation. 

• One 4.16-kV generator for each double-ended substation. 

• One automatic transfer switch for each double-ended substation. 

• Modification to the existing main breakers and tie-breaker of each double-ended 
substation. 

When the utility power fails, the cogeneration system will shut down, both main breakers 
will open, and the tie-breaker will close at the substations. The load will then transfer to 
standby diesel generators at each substation. When the utility power returns, the main and 
tie-breakers will return to their normal position and the load will be transferred back to the 
utility. The cogeneration system will be initiated and parallel back to the utility. 

This alternative is relatively simple and requires moderate electrical modification to the 
existing system. However, this alternative does not make use of existing gas engine 
generation and fuel cell system capabilities. It also requires maintenance of additional 
low-voltage electrical equipment and does not optimize and prioritize the diesel generators 
capacity since these generators operate independent of each other. 

6.6.2 Alternative 2 - Retrofit Existing Cogeneration Capabilities to 
Backup Standby Power 

In this alternative, the backup standby power would be derived by operating a combination 
of existing gas engine generators and the fuel cell system paralleling with each other. As 
previously stated, the existing generation capacity exceeded the critical load requirements.  

This alternative would require:  

• Modification/upgrade to the existing control system. This will include generator priority 
sequencing and optimization, load-shedding sequencing, load adding sequencing, 
and power monitoring as part of a Computerized Load Management System (CLMS), 
which is described in Volume 9, Chapter 4 - Energy Saving Options. The control will 
also include remote I/O for circuit breaker control and monitoring. 

• Modify the existing feeder breaker to be electrically operated. 
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• Develop a detailed critical load ranking for the plant to be used for load shedding and 
load adding sequencing. 

• Retrofit the existing engine generators to meet the SCAQMD Emission Standards for 
the year 2012 in a standby application. This is discussed in Volume 9, Chapter 5 - 
Power Supply Alternatives. 

When the utility power fails, the utility main breaker will open, the cogeneration system 
would be disconnected, and all the substation feeders to the loads will open. The gas 
engine generators and fuel cell system will be paralleled and reconnected back to the 
electrical system as standby generators. The standby generators will pick up plant loads 
through the closing of substation feeder breakers. The individual loads are then sequenced 
by the SCADA system. 

When the utility power returns, the system will synchronize the natural gas engine 
generators with utility power if required, and transfer the power source back to the utility in a 
seamless transition. The fuel cell will keep running in parallel with the utility and the natural 
gas engine generators will be shut down. 

Even though this alternative will provide a more complex control system, the advantages 
include a more reliable plant-wide standby power with 12-kV distribution. It also will 
optimize operation of the generators and fuel cell system. 

In line with the City’s decision to shut down the gas engine generators as cogeneration in 
the year 2012 to comply with SCAQMD Emission Standards and make the fuel cell system 
the main cogeneration system, it would be a logical approach to retrofit the gas engine 
generators to provide standby power.  

During the project workshop on April 16, 2007, the City decided that it does not want to 
install a diesel generator for standby power. Instead, the City prefers to use the existing 
cogeneration gas engines, along with the future fuel cells, for standby power.
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Appendix A 
ELECTRICAL LOAD ESTIMATES 

 



 

Process Area

Approximate 
Connected 

Electrical Load    
(HP/kVA)

Standby Power 
Required
(HP/kVA)

Service Transformer 
(as noted on Figure 

6.1)

Planned Loads
Headworks 240 0 TFR1

Primary Clarifiers 198 198 T1 & T2

Primary Equalization 375 300 T1 & T2
MBR Process 2900 2900 T1 & T2
Tertiary Filtration 0 0
Disinfection 10 10 TA & TB
Sludge Thickening 450 0 T1 & T2
Digestion 240 0 T1 & T2

Total kVA 4413 3408
Assumed Running 75% 3310 2556

Total kW 2648 2045

Optional Load

UV/Ozone Disinfection 750 750 TA & TB
Total kVA 750 750

Assumed Running 75% 563 563
Total kW 450 450

Existing Loads
Existing kW Running 3000 2400

Total kW 3000 2400
Assumed Running 75% 2250 1800

Grand Total kW 5348 4295

Existing Gas Engine Cogeneration, kW 3300
Fuel Cell System, kW 1200

Total Standby Generation 4500

Deficit/Excess Standby (Generation - Standby Load) 205

Riverside Integrated Master Plan
Electrical Load Estimates

APPENDIX A
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Chapter 7 

IMPLEMENTATION SCHEDULE AND COST 

7.1 PURPOSE 
The purpose of this chapter is to present the costs and schedules of the projects for the 
Energy Management volume for the City of Riverside (City) Regional Water Quality Control 
Plant (RWQCP) Integrated Master Plan. The selected projects are derived from the 
analyses performed and presented in Chapters 1 through 6 of this volume of the Master 
Plan. 

7.2 CONCLUSIONS AND RECOMMENDATIONS 
• Install a 1,000-kW digester gas fueled fuel cell cogeneration system. 

• Add a new digester gas fueled 1,200-kW fuel cell cogeneration system prior to 2012 
to replace the three existing 3,300-kW engine/generator cogeneration systems; 
retrofitting the existing engine generators to become natural gas fueled standby 
generators. 

• Install a low-pressure digester gas holder to assist with digester gas control. 

• Upgrade the existing RWQCP cogeneration, control, and electrical system to provide 
standby power and distribution reliability. 

• Retrofit the existing eddy-current drives with Variable Frequency Drives (VFDs) for 
the three 250-hp filter influent pumps and two 100-hp waste backwash pumps. 
Replace the pump motors with premium efficiency motors.  

7.3 BACKGROUND 
The existing energy management systems are described in Volume 9, Chapter 1 - Existing 
Energy Systems. The City’s plan to receive and treat Fats, Oils, and Greases (FOG), as 
noted in Volume 9, Chapter 1 - Existing Energy Systems, will generate additional digester 
gas beyond that which can be used by the fuel cell system currently being installed. 
Conservative estimates of digester gas production show that between 450 and 700 scfm of 
digester gas could be generated consistently based on the existing and planned digestion 
capacity. The planned digester gas fueled 1,000-kW fuel cell cogeneration system will 
require approximately 220 scfm. In order to use the additional digester gas which will be 
generated and to replace another of the three existing cogeneration engine generators 
when they are removed from cogeneration service to meet the air quality management 
district requirements, the plant plans to install a new digester gas fueled 1,200-kW fuel cell 
cogeneration system. This new cogeneration system will require 260 scfm. The remaining 
digester gas, if any, will be available for use in plant boilers to supplement the heat provided 
from the fuel cell systems for use within the plant. 
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7.4 COST AND SCHEDULE CRITERIA 
The implementation schedule for each project consists of a planning/design period and a 
construction/start-up period. A 2-year duration for the planning and design period is used 
for each project to include a conservative schedule at the master plan level. Because the 
projects for energy management are relatively small, if completed as separate projects, 
1.5 years may be used for the construction and start-up period. The construction and 
start-up period is based on the contractor being able to perform approximately $2 million 
per month worth of construction. When final implementation projects are established, 
adjustments to this schedule should be made based on experience, looking at factors such 
as project sequencing and equipment procurement times. For some of the projects, it may 
be possible to shorten the planning/design and construction/start-up schedules. However, 
for the master plan, the schedules will be presented based on the criteria described above. 

The costs for these projects are based on the information presented in the previous 
chapters for Volume 9. They are based on costs in August 2006 dollars. These costs will be 
adjusted to their midpoint of construction before placement in the Capital Improvement Plan 
(CIP), which is presented in Volume 10, CIP and Overall Implementation Schedule. 

7.5 ENERGY MANAGEMENT FACILITIES SCHEDULE 
Figure 7.1 shows the schedule of the energy management facilities projects. 

7.5.1 Digester Gas Fueled 1,200-kW Fuel Cell Cogeneration System 

As described in Volume 9, Chapter 5 - Power Supply Alternatives, install a new digester 
gas fueled 1,200-kW fuel cell cogeneration system. Based on a 2-year planning/design 
period and a 2-year construction/start-up period this project would need to begin in 2008 to 
ensure additional cogeneration capacity is available when the existing engine generators 
are converted to standby generation use in 2012. 

7.5.2 Low-Pressure Digester Gas Holder 

In order to assist the plant to better manage digester gas production, a new low-pressure 
digester gas holder should be added as soon as possible. Gas management is currently a 
concern and issue at the plant and will become more of an issue as added gas production 
is realized from the plan to generate additional digester gas from the addition of FOG. The 
proposed schedule includes a 2-year planning/design period and 1-year 
construction/start-up period.  
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FIGURE 7.1

ENERGY MANAGEMENT
FACILITIES SCHEDULE
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7.5.3 Existing Cogeneration Engine, Control, and Electrical System 
Upgrade 

This project should be implemented as soon as possible after the planned 1,000-kW fuel 
cell cogeneration system is up and running, to provide necessary standby power to the 
plant. The schedule is based on a 2-year planning/design period and 2-year 
construction/start-up period. 

7.5.4 Retrofit Eddy-Current Drives with Variable Frequency Drives 

This project will retrofit existing eddy-current drives with VFDs for the three 250-hp filter 
influent pumps and two 100-hp waste backwash pumps. It will also replace the pump 
motors with premium efficiency motors. This will be a small project that can be implemented 
independent of other energy management projects or be included in the cogeneration 
upgrade project. 

7.6 IMPLEMENTATION COST 
The total project costs of the new liquid and solids stream facilities for energy management 
are summarized in Table 7.1. The costs are based on an Engineering News-Record (ENR) 
value of 8,570 (Los Angeles, August 2006). The midpoint construction costs, adjusted for 
the phasing and schedule, are presented in Volume 10, CIP and Overall Implementation 
Schedule. 

Table 7.1 Total Project Cost for Proposed Expansion of Energy Management 
Facilities 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Project Description(1) Project Cost(2) 

Digester Gas Fueled 1,200-kW Fuel Cell Cogeneration System $13.2 M 

Low-Pressure Digester Gas Holder $1.4 M 

Cogeneration Engine, Control, and Electrical System Upgrade $4.1 M 

Retrofit Eddy-Current Drives with Variable Frequency Drives $1.0 M 

Total Cost $19.7 M 

Notes: 
(1) Details discussed in Volume 9, Energy Management. 
(2) As present value (ENR value of 8,570 for Los Angeles in August 2006). 
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Chapter 1 

CAPITAL COSTS AND IMPLEMENTATION SCHEDULE 

1.1 PURPOSE 
The purpose of this chapter is to present the Capital Improvement Plan (CIP) for the City of 
Riverside (City) Regional Water Quality Control Plant (RWQCP), based on the proposed 
treatment plant upgrades and collection systems projects that will occur between now and 
2025. The CIP will be used as input into the Master Plan ManagerTM (MPMTM) and Financial 
Planning ToolTM (FPTTM).  

1.2 BACKGROUND 
The RWQCP is a tertiary wastewater treatment plant that currently treats approximately 
33 mgd on an average flow basis. The RWQCP has a rated capacity of approximately 
40 mgd. The City seeks to develop an Integrated Master Plan for the Wastewater Systems 
Facilities to identify and plan for expansion and replacement needs up to the year 2025.  

The expansion projects were identified based on the flow projections made in Volume 2, 
Chapter 3 – Population and Flow Projections, and the findings and recommendations of 
previous and ongoing plans and studies.  

Volumes 2 through 9 and 12 of this Master Plan present details of all the proposed projects 
and reviews of the existing plans and studies. Estimated project costs of the proposed 
projects are presented in the respective chapters in these volumes. These costs are used 
to develop the CIP, which is presented in this chapter. 

1.3 SUMMARY OF TREATMENT SYSTEM AND COLLECTION 
SYSTEM PROJECTS 

The following summary of treatment and collection system projects is based on the 
high-growth scenario (2025 flow of 52.2-mgd average annual flow). As described in 
Volume 2, Chapter 3 – Population and Flow Projections, this flow rate is based on the City’s 
decision (August 2006) to set the Master Plan design criteria based on the high-growth 
scenario. Subsequently (August 2007), after all process alternative analyses were 
completed, the City noticed a slowdown in the population/housing growth and decided the 
low-growth scenario (2025 flow of 47.3-mgd average annual flow) would be more 
appropriate for establishing the schedule of projects to develop the Operations and 
Maintenance (O&M) costs and CIP, and the user rates and connection fees. 

1.3.1 Treatment System 

Alternatives were evaluated and life-cycle cost analyses were performed for each of the 
treatment areas. Based on these analyses and the City’s input, the following sections 
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summarize the selected projects for the liquid and solid stream treatment. Please refer to 
Volumes 2 through 9 and 12 for detailed analyses.  

1.3.1.1 2025 Expansion Projects 

1.3.1.1.1 Preliminary Treatment 

As described in Volume 4, Chapter 5 – Preliminary Treatment, the existing headworks 
facility is re-rated at a capacity of 37 mgd on an average daily flow basis. A new 15-mgd 
(annual average flow (AA)) headworks facility is planned for the Integrated Master Plan 
period. 

1.3.1.1.2 Primary Treatment 

As part of the Plant 1 Primary Expansion project, Plant 1 primary clarifiers will be replaced 
with four new circular primary clarifiers with a combined capacity of 32-mgd AA. The 
expansion project will also include two primary effluent Equalization (EQ) basins with a total 
volume of 12.1 MG, a biofilter for odor scrubbing, a primary EQ pump station, a primary 
sludge pump station, and primary sludge thickening facilities. 

1.3.1.1.3 Primary Equalization 

The City has chosen to use primary effluent EQ to provide better control for downstream 
processes and to reduce project costs for the Membrane Bioreactors (MBRs). The 12.1-MG 
primary EQ basins will be uncovered and lined with Hypalon®.  

Alternative treatment scenarios for the MPMTM include EQ basins lined with concrete and a 
Hypalon® floating cover, should the City change their decision in the future. 

1.3.1.1.4 Secondary Treatment 

Four options for expanding the RWQCP secondary treatment plant were evaluated: 
Conventional Activated Sludge (CAS), High Solids Retention Time (SRT) Activated Sludge, 
MBR, and Integrated Fixed Film Activated Sludge (IFAS). Based on the ability to achieve 
better effluent quality, the City chose to build a 32-mgd MBR for the future expansion. This 
is being separated into two phases: 

1. First Phase: To convert Plant 1 from a 20-mgd CAS facility to a 26-mgd MBR facility. 

2. Second Phase: To add the remaining 6-mgd capacity for a Plant 1 secondary capacity 
of 32.2 mgd and a total RWQCP capacity of 52.2-mgd AA. 

1.3.1.1.5 Tertiary Treatment 

There is no tertiary facility expansion required since an MBR is selected as the secondary 
treatment method. 
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1.3.1.1.6 Disinfection 

For the Integrated Master Plan, the City decided to continue the usage of NaOCl as the 
disinfection method. In order to meet the 2025-projected flow, the Integrated Master Plan 
includes a new 8-mgd AA Chlorine Contact Basin (CCB).  

In addition, ozone plus Ultraviolet (UV) is being developed as an alternate treatment 
scenario for the MPMTM, should removal of Endocrine Disrupting Compounds (EDCs) be 
required by future regulations. 

1.3.1.1.7 Biosolids Handling and Treatment 

The City has selected Gravity Belt Thickeners (GBTs) for the primary solids and Waste 
Activated Sludge (WAS) thickening facilities. It is estimated that 14 GBT units will be 
required for the expansion, 9 units for primary solids thickening, and 5 units for WAS 
thickening. 

Besides the thickening facilities, the City has also decided to install a new 
multi-compartment acid-phase digester for their digestion facilities. The City will continue 
the addition of fat-oil-grease to the digester. 

1.3.1.1.8 Energy Management 

The following summarizes the projects for the RWQCP energy management system: 

• A low-pressure digester gasholder to assist with digester gas control. 

• A new digester gas-fueled 1.2-MW fuel cell cogeneration system to supplement the 
one currently being installed.  

• Conversion of existing cogeneration engines to standby to meet future Air Quality 
Management District requirements. 

• A redundant 12-kV ductbank system. 

• Upgrade the electrical control/monitoring system (i.e., Computerized Load 
Management System (CLMS)). 

• Modifications to existing electrical equipment (e.g., breakers). 

• Replace eddy-current drives with variable frequency drives. 

1.3.1.1.9 Air Quality and Emissions Control 

Two new 4.2-million British thermal units per hour (MMBtu/hr) natural gas-fired boilers will 
be installed to address the potential Best Available Control Technology (BACT) adjustment 
for Nitrogen Oxide (NOx) emissions from boilers. In addition, the fuel cells, as described in 
the Energy Management section above, and the biofilters, as described in the Primary 
Treatment section above, will address compliance with other air quality regulatory 
requirements. 
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1.3.1.1.10 Supervisory Control and Data Acquisition System 

The Supervisory Control and Data Acquisition (SCADA) Master Plan, which was done by 
WaterHammer Inc., provided a list of recommended updates for non-project related 
portions of the SCADA system. However, the Master Plan did not provide any costs 
associated with these recommendations and the information provided in the Master Plan is 
not sufficient to estimate these costs. As a result, a $1 million allowance was put into the 
CIP for the SCADA system upgrades. The $1 million will be spread over the Master Plan 
planning period equally, and an escalation rate will be applied to each respective year. 

1.3.1.1.11 Other Facilities and Projects 

Other projects that were proposed in the Master Plan include: 

• A new maintenance building. 

• Recycle Water Pump Station.  

• A new 24-inch metering control valve and vault at the headworks. 

• Replacement of the 42-inch pipe that connects the aeration basin with the Plant 2 
splitter box with a 54-inch pipe. 

• Potential raising of the existing flood control levee. 

1.3.1.2 Rehabilitation and Renovation Projects 

Based on the condition assessment results that Carollo Engineers performed in 
October 2006, a preliminary list of Rehabilitation and Replacement (R&R) projects has 
been compiled from the Watershed Analysis and Management Water/Wastewater Asset 
Manager™ (WAM™) program, using the criteria as discussed in Section 2.4.1.11 of 
Volume 12, Chapter 2 – Condition Assessment. Most of the 26 recommended projects 
would be part of either the primary expansion project or the recycle water pump station 
project. Only three other projects are being added to the CIP list and they are listed as the 
following: 

• Rehabilitation of the waste gas burner. 

• Replacement of the media for Biofilter Nos. 1 and 2 at the current headworks. 

• A seismic upgrade to the headquarters for sewer line maintenance. 

1.3.2 Collection System 

The Collection System CIP includes 50 capital projects identified in the Collection System 
Master Plans (CSMPs) that were completed between 2002 and 2006, and the City 
identified separately 24 replacement projects. 
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The capital projects from the CSMPs cover deficiencies from all five basins: Spruce Basin, 
Tequesquite Basin, Arlanza Basin, Phoenix Basin, and Northside Basin. The 50 projects 
were classified into three priority groups, as follows: 

• Priority A: 
Priority A pipes were “deficient” at the time of the study: 2002 for Spruce, 2003 for 
Tequesquite, and 2005 for the remaining basins. 

• Priority B: 
Priority B pipes were projected to be “deficient” by 2015. 

• Priority C: 
Priority C pipes were projected to be “marginally deficient” by 2020. 

Of the 50 expansion projects identified in the CSMPs, 12 of the projects have either been 
started or the City has allocated budget for them. Consequently, they are not included in the 
CIP for the Integrated Master Plan. 

The 24 replacement projects identified by the City include replacement of pipes in the 
collection system that are older than 50 years. These pipes are categorized as either being 
constructed before 1943, or between 1944 and 1956, as documented in the City’s 
geographic information system (GIS).  

1.4 COSTS AND SCHEDULE CRITERIA 

1.4.1 Development Basis 

1.4.1.1 Treatment System 

As mentioned in Volume 2, Chapter 4 – Basis of Cost Estimates, the expected level of 
accuracy for the cost estimates for the Integrated Master Plan is Class 4, with an expected 
accuracy range of within 30 percent over the estimate to 15 percent under the estimate. In 
order to reduce the risk of under estimation, a contingency is applied to the developed 
estimates. The estimated project costs represent August 2006 dollars.  

The implementation schedule for each project consists of a planning/design period and a 
construction/start-up period. A 2-year duration for the planning and design period is used 
for each project to include a conservative schedule at the Master Plan level. The 
construction and start-up period ranges from 1.5 to 4 years based on a general guideline of 
a contractor being able to perform approximately $2 million/month worth of construction. 
When final implementation projects are established, adjustments should be made to this 
schedule guideline based on experience, looking at factors such as project sequencing, 
and equipment procurement times. For some of the projects, it may be possible to shorten 
the planning/design and construction/start-up schedules. However, for the Master Plan, the 
schedules will be presented based on the criteria described above.  
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The costs for the selected projects are based on the information presented in the respective 
chapters. As stated above, they are based on costs in August 2006 dollars. These costs 
have been adjusted to their midpoint of construction before placement in the CIP. An 
escalation rate of 6 percent for the first 5 years and 4 percent for 5 years and more are 
applied to calculate the midpoint construction costs. They are then spread over the project 
duration according to Standard S-Curves for Project Costs.  

Table 1.1 is a tabular representation of an S-curve for the projects in this Master Plan. This 
method allocates a certain percentage of the project cost for each project based on the 
duration of the project. It takes into account the lower percentage spending at the beginning 
and end of projects, and the increased spending in the middle. For projects that have partial 
project durations, the durations are rounded up to the next whole year for calculation of the 
annual capital expenditures. 

Table 1.1 Standard S-Curves for Project Costs 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Proportion of Project Costs Spent in Year Project Duration 
(Years) 1 2 3 4 5 Total 

1 100% 0% 0% 0% 0% 100% 

2 30% 70% 0% 0% 0% 100% 

3 10% 45% 45% 0% 0% 100% 

4 4% 6% 40% 50% 0% 100% 

5 4% 6% 35% 35% 20% 100% 

1.4.1.2 Collection System 

The costs for the Collection System CIP are based on the estimates from the CSMPs. The 
cost estimation methods used for the CSMPs differed from the methods applied to the 
wastewater treatment plant upgrades. On the direction of the City, these costs were 
adjusted using the Integrated Master Plan method as described in Volume 2, Chapter 4 – 
Basis of Cost Estimates, and then distributed evenly over a 10-year period from 
FY 2007/2008 through FY 2016/2017. These costs were escalated at a rate of 6 percent 
through 2011 and then 4 percent for the remaining years. 

For the R&R projects, the costs were provided by the City. These costs were distributed 
evenly over 50 years (FY 2007/2008 to FY 2056/2057) and were escalated at 6 percent 
through 2011 and 4 percent thereafter. Because the Integrated Master Plan only covers up 
to year 2025, the costs for the City’s replacement projects up to 2025 only will be included. 
Please refer to Volume 3, Chapter 1 – Wastewater Collection System, for details of the 
costs. 
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1.5 IMPLEMENTATION SCHEDULE 
The implementation schedule for the projects is based on the criteria listed above. With the 
exception of the SCADA system and the collection system projects, the projects have a 
required completion date based on the RWQCP projected flow compared to the existing 
facility capacity. Project start dates are then determined based on the implementation 
criteria described in Section 1.4 above.  

Table 1.2 lists the implementation schedule recommended for this Master Plan. It also lists 
the total project costs in August 2006 dollars. As was discussed in previous volumes, some 
projects are grouped into combined projects. Combined projects would be easier and less 
expensive for the City to design, coordinate, and manage. The construction cost is 
potentially lower, depending on the schedule, because the contractor can apply economies 
of scale to the work. However, at the Master Plan level, the reduction in cost is difficult to 
determine and is subject to several factors, including schedule, which will be refined during 
detailed planning and design. If the City chooses, other projects with similar 
start/completion dates can be combined later. 

Table 1.2 Implementation Schedule for Treatment System Projects - Low-Growth 
Scenario 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Date 
Project 

Total Project 
Cost(1) ($ Million)

Project 
Duration Start Completion

Primary, EQ, MBR, APAD $185.0 5.5 Jan 2008 Jul 2013 
1.2-MW Fuel Cell $13.2 4 Jan 2008 Dec 2011 
Low-Pressure Digester Gas Holder $1.2 3 Jan 2008 Dec 2010 
42-inch Pipe Upgrade (54-inch dia.) 
from Connecting Plant 2 Splitter Box 
to Aeration Basins 

$0.1 1.5 Jul 2008 Dec 2009 

Waste Gas Burner $0.5 1.5 Jul 2008 Dec 2009 
24-inch Meter Control Valve $0.5 1.5 Jul 2008 Dec 2009 
New Boilers $3.0 1 Jan 2014 Dec 2014 
Biofilter Nos. 1 and 2 Media $2.1 1.5 Jul 2014 Dec 2015 
O&M Building $2.1 1.5 Jul 2014 Dec 2015 
Influent Metering Project $5.9 1.5 Jul 2014 Dec 2015 
Building Headquarters for Sewer Line 
Maintenance 

$0.3 1.5 Jul 2014 Dec 2015 

Power System Projects $5.1 2 Jan 2016 Dec 2017 
New Chlorine Contact Basin $4.0 3.5 Jul 2016 Dec 2020 
New Headworks $10.0 3.5 Jan 2019 Jul 2022 
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Table 1.2 Implementation Schedule for Treatment System Projects - Low-Growth 
Scenario 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Date 
Project 

Total Project 
Cost(1) ($ Million)

Project 
Duration Start Completion

Additional MBR Equipment $12.0 4 Aug 2019 Jul 2023 
WAS Thickening Facility  $17.0 3.5 Jul 2023 Dec 2026 
SCADA System Upgrades $1.0 No specific projects have been 

assigned at this time 
Total $263.0    

Notes: 
(1) Costs are in August 2006 dollars. 

As discussed above, there are no set schedules for the 62 collection system projects. The 
project costs are distributed evenly, either over a 10-year period from FY 2007/2008 
through FY 2016/2017 for the expansion projects identified in the CSMPs (total of 
$37.7 million, August 2006 dollars), and over a 50-year period from FY 2008/2009 through 
FY 2056/2057 for the projects identified by the City (total of $418 million, August 2006 
dollars). For the 24 projects identified by the City, only costs for up to FY 2024/2025 are 
included in the CIP. Details on the 62 projects can be found in Appendix A. 

1.6 CAPITAL IMPROVEMENT PLAN 
The CIP over the planning period identified for the RWQCP, including all the treatment 
facilities and collection system projects, are summarized in Table 1.3. The costs presented 
are in midpoint of construction dollars, according to the criteria described above. 
Appendix B has the detailed costs of the individual projects. 

Table 1.3 CIP - Capital Expenditures by Year ($ Million)(1) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Collection System 

Fiscal Year 
Treatment 
Facilities 

Projects 
Identified in 

CSMP 

Projects 
Identified by  

the City 
Total 
Costs 

2007/2008 $3.50 $4.24 $8.85 $16.6 

2008/2009 $12.38 $4.49 $9.39 $26.3 

2009/2010 $20.58 $4.76 $9.95 $35.3 

2010/2011 $96.13 $5.05 $10.54 $111.7 

2011/2012 $87.59 $5.25 $10.97 $103.8 
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Table 1.3 CIP - Capital Expenditures by Year ($ Million)(1) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Collection System 

Fiscal Year 
Treatment 
Facilities 

Projects 
Identified in 

CSMP 

Projects 
Identified by  

the City 
Total 
Costs 

2012/2013 $50.09 $5.46 $11.41 $67.0 

2013/2014 $4.60 $5.68 $11.86 $22.1 

2014/2015 $4.93 $5.90 $12.34 $23.2 

2015/2016 $13.98 $6.14 $12.83 $32.9 

2016/2017 $6.41 $6.39 $13.34 $26.1 

2017/2018 $0.53 - $13.88 $14.4 

2018/2019 $3.80 - $14.43 $18.2 

2019/2020 $5.94 - $15.01 $20.9 

2020/2021 $9.64 - $15.61 $25.2 

2021/2022 $20.26 - $16.23 $36.5 

2022/2023 $14.41 - $16.88 $31.3 

2023/2024 $2.55 - $17.56 $20.1 

2024/2025 $16.32 - $18.26 $34.6 

Total $373.6 $53.4 $239.3 $666.3 

Notes: 
(1) Costs are escalated from August 2006 to 2011 by 6 percent, and 4 percent thereafter. 

For the treatment systems, the total estimated capital costs through the year 2025 are 
approximately $370 million. For the collection system, the total estimated capital costs over 
the 10-year period are approximately $53 million, and the estimated R&R costs through the 
year 2025 are approximately $240 million. The total estimated CIP project costs for the 
Integrated Master Plan is approximately $666 million. 

Figure 1.1 presents the capital expenditures by year in escalated dollars for the 19-year 
planning period. Figure 1.2 presents the cumulative capital expenditures for the planning 
period in escalated dollars. As shown in Table 1.3 and Figure 1.1, the fourth and fifth years 
are the highest spending years with $112 million and $104 million in capital expenditures, 
respectively.



20-Riverside2-08Volume10-F1.1-7472A00.CDR

FIGURE 1.1

ANNUAL CAPITAL
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FIGURE 1.2

CUMULATIVE CAPITAL
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1.7 ALTERNATIVE TREATMENT SCENARIOS 
The four projects that will be included as alternate treatment scenarios for the MPMTM are 
UV plus ozone as a disinfection alternative, primary EQ basin with concrete liner, addition 
of a primary EQ basin Hypalon® cover, and potential raising of the existing levee. Costs and 
implementation schedules for these projects are shown in Table 1.4. 

Table 1.4 Alternative Treatment Scenarios 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Date 

Project 
Project Costs(1)

($ Million) 
Duration 
(Years) Start Completion 

Inflated 
Project Cost(2)

($ Million) 

UV + Ozone 72.5 3.5 July 2012 January 2016 112.10 

Primary EQ with 
Concrete Liner 

13.6 5.0 January 2009 July 2013 17.60 

Primary EQ 
Hypalon® Cover 

2.1 5.0 January 2009 July 2013 2.70 

New Levee 52.0 3.0 July 2012 July 2015 79.58 

Notes: 
(1) Costs in August 2006 dollars. 
(2) Escalated at 6 percent for the first 5 years, then 4 percent thereafter. 
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Appendix A 

COLLECTION SYSTEM COSTS 
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Table A.1 Capital Improvement Project Costs 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual CIP Costs (Million Dollars)(3)(4) Project 
Study Area Priority Location(1) 

Total Project Cost 
(Million Dollars)(2) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Collett Avenue $0.38 $0.04 $0.04 $0.04 $0.05 $0.05 $0.05 $0.05 $0.05 $0.06 $0.06 
Fillmore Street $0.41 $0.04 $0.04 $0.05 $0.05 $0.05 $0.05 $0.06 $0.06 $0.06 $0.06 
Golden Avenue $0.26 $0.03 $0.03 $0.03 $0.03 $0.03 $0.03 $0.04 $0.04 $0.04 $0.04 

A 

RWQCP Sewer $0.33 $0.03 $0.03 $0.04 $0.04 $0.04 $0.04 $0.04 $0.05 $0.05 $0.05 
B Monticello Avenue $1.59 $0.16 $0.17 $0.18 $0.19 $0.20 $0.21 $0.22 $0.23 $0.24 $0.24 

Acorn Street $1.44 $0.14 $0.15 $0.16 $0.17 $0.18 $0.19 $0.20 $0.20 $0.21 $0.22 
Arizona Avenue $0.69 $0.07 $0.07 $0.08 $0.08 $0.09 $0.09 $0.09 $0.10 $0.10 $0.11 
Collett Avenue $0.90 $0.09 $0.09 $0.10 $0.11 $0.11 $0.12 $0.12 $0.13 $0.13 $0.14 
Fillmore Street $0.62 $0.06 $0.07 $0.07 $0.07 $0.08 $0.08 $0.08 $0.09 $0.09 $0.10 
Golden Avenue $0.73 $0.07 $0.08 $0.08 $0.09 $0.09 $0.10 $0.10 $0.10 $0.11 $0.11 
Harrison Street $0.43 $0.04 $0.05 $0.05 $0.05 $0.05 $0.06 $0.06 $0.06 $0.06 $0.07 
Jackson Street $1.78 $0.18 $0.19 $0.20 $0.21 $0.22 $0.23 $0.24 $0.25 $0.26 $0.27 
Jones Avenue $1.07 $0.11 $0.11 $0.12 $0.13 $0.14 $0.14 $0.15 $0.15 $0.16 $0.16 
La Sierra Channel $1.80 $0.18 $0.19 $0.20 $0.21 $0.23 $0.24 $0.25 $0.26 $0.27 $0.28 
Magnolia Avenue $0.55 $0.06 $0.06 $0.06 $0.07 $0.07 $0.07 $0.08 $0.08 $0.08 $0.09 
Monroe Street $0.51 $0.05 $0.05 $0.06 $0.06 $0.06 $0.07 $0.07 $0.07 $0.08 $0.08 
RWQCP Sewer $0.64 $0.06 $0.07 $0.07 $0.08 $0.08 $0.08 $0.09 $0.09 $0.09 $0.10 

Arlanza 

C 

Van Buren Boulevard $6.83 $0.68 $0.72 $0.77 $0.81 $0.86 $0.90 $0.93 $0.97 $1.01 $1.05 
B Marlborough Avenue $0.12 $0.01 $0.01 $0.01 $0.01 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02 

Fairmount Boulevard $0.57 $0.06 $0.06 $0.06 $0.07 $0.07 $0.08 $0.08 $0.08 $0.08 $0.09 
Fairmount Trunk $2.43 $0.24 $0.26 $0.27 $0.29 $0.31 $0.32 $0.33 $0.34 $0.36 $0.37 
Marlborough Avenue $0.26 $0.03 $0.03 $0.03 $0.03 $0.03 $0.03 $0.04 $0.04 $0.04 $0.04 

Northside 
C 

Strong Street $0.49 $0.05 $0.05 $0.06 $0.06 $0.06 $0.06 $0.07 $0.07 $0.07 $0.08 
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Table A.1 Capital Improvement Project Costs 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual CIP Costs (Million Dollars)(3)(4) Project 
Study Area Priority Location(1) 

Total Project Cost 
(Million Dollars)(2) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 

Central Avenue $0.54 $0.05 $0.06 $0.06 $0.06 $0.07 $0.07 $0.07 $0.08 $0.08 $0.08 
Hillside Avenue $2.57 $0.26 $0.27 $0.29 $0.31 $0.32 $0.34 $0.35 $0.36 $0.38 $0.39 
Phoenix Avenue $0.13 $0.01 $0.01 $0.01 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02 

A 

Santa Ana River Pipeline $1.52 $0.15 $0.16 $0.17 $0.18 $0.19 $0.20 $0.21 $0.22 $0.23 $0.23 
B Madison Street $0.56 $0.06 $0.06 $0.06 $0.07 $0.07 $0.07 $0.08 $0.08 $0.08 $0.09 

Madison Street $1.32 $0.13 $0.14 $0.15 $0.16 $0.17 $0.17 $0.18 $0.19 $0.19 $0.20 

Phoenix 

C 
Phoenix Avenue $2.03 $0.20 $0.21 $0.23 $0.24 $0.26 $0.27 $0.28 $0.29 $0.30 $0.31 

B Chicago Avenue $1.02 $0.10 $0.11 $0.11 $0.12 $0.13 $0.13 $0.14 $0.14 $0.15 $0.16 Spruce 
C Chicago Avenue $0.44 $0.04 $0.05 $0.05 $0.05 $0.06 $0.06 $0.06 $0.06 $0.07 $0.07 
A Eastridge Avenue $0.21 $0.02 $0.02 $0.02 $0.03 $0.03 $0.03 $0.03 $0.03 $0.03 $0.03 

Eastridge Avenue $0.73 $0.07 $0.08 $0.08 $0.09 $0.09 $0.10 $0.10 $0.10 $0.11 $0.11 B 
Trautwein Road $0.65 $0.06 $0.07 $0.07 $0.08 $0.08 $0.09 $0.09 $0.09 $0.10 $0.10 
Tequesquitte Avenue $0.31 $0.03 $0.03 $0.03 $0.04 $0.04 $0.04 $0.04 $0.04 $0.05 $0.05 

Tequesquite 

C 
Wood Road $0.85 $0.09 $0.09 $0.10 $0.10 $0.11 $0.11 $0.12 $0.12 $0.13 $0.13 

Total (Million Dollars) $37.71 $4.24 $4.49 $4.76 $5.05 $5.25 $5.46 $5.68 $5.90 $6.14 $6.39 
Notes: 
(1) Projects categorized as "not required" and "completed" have been removed from the CIP list. 
(2) Costs in 2007 dollars. 
(3) Costs are distributed evenly over the 10-year period. 
(4) Costs are escalated from 2005 at 6 percent through 2011, and 4 percent thereafter. 
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Table A.2 Pipe Replacement & Rehabilitation Costs (2008 - 2019) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 

Total 
Project 
Cost(1) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Before 1943 Unknown $22.14 $0.47 $0.50 $0.53 $0.56 $0.58  $0.60 $0.63 $0.65 $0.68 $0.71 $0.74 $0.77  
 4 $0.02 $0.00 $0.00 $0.00 $0.00 $0.00  $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  
 6 $85.96 $1.82 $1.93 $2.05 $2.17 $2.26  $2.35 $2.44 $2.54 $2.64 $2.75 $2.86 $2.97  
 8 $172.87 $3.66 $3.88 $4.12 $4.36 $4.54  $4.72 $4.91 $5.11 $5.31 $5.52 $5.74 $5.97  
 10 $19.16 $0.41 $0.43 $0.46 $0.48 $0.50  $0.52 $0.54 $0.57 $0.59 $0.61 $0.64 $0.66  
 12 $14.15 $0.30 $0.32 $0.34 $0.36 $0.37  $0.39 $0.40 $0.42 $0.43 $0.45 $0.47 $0.49  
 14 $1.93 $0.04 $0.04 $0.05 $0.05 $0.05  $0.05 $0.05 $0.06 $0.06 $0.06 $0.06 $0.07  
 15 $10.67 $0.23 $0.24 $0.25 $0.27 $0.28  $0.29 $0.30 $0.32 $0.33 $0.34 $0.35 $0.37  
 16 $2.28 $0.05 $0.05 $0.05 $0.06 $0.06  $0.06 $0.06 $0.07 $0.07 $0.07 $0.08 $0.08  
 18 $8.45 $0.18 $0.19 $0.20 $0.21 $0.22  $0.23 $0.24 $0.25 $0.26 $0.27 $0.28 $0.29  
 20 $1.40 $0.03 $0.03 $0.03 $0.04 $0.04  $0.04 $0.04 $0.04 $0.04 $0.04 $0.05 $0.05  
 21 $6.22 $0.13 $0.14 $0.15 $0.16 $0.16  $0.17 $0.18 $0.18 $0.19 $0.20 $0.21 $0.21  
 24 $18.54 $0.39 $0.42 $0.44 $0.47 $0.49  $0.51 $0.53 $0.55 $0.57 $0.59 $0.62 $0.64  
 27 $5.43 $0.12 $0.12 $0.13 $0.14 $0.14  $0.15 $0.15 $0.16 $0.17 $0.17 $0.18 $0.19  
 30 $0.25 $0.01 $0.01 $0.01 $0.01 $0.01  $0.01 $0.01 $0.01 $0.01 $0.01 $0.01 $0.01  
 36 $0.45 $0.01 $0.01 $0.01 $0.01 $0.01  $0.01 $0.01 $0.01 $0.01 $0.01 $0.01 $0.02  

9 $0.49 $0.01 $0.01 $0.01 $0.01 $0.01  $0.01 $0.01 $0.01 $0.02 $0.02 $0.02 $0.02  1944 to 1956 
4 $0.04 $0.00 $0.00 $0.00 $0.00 $0.00  $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  

 6 $1.01 $0.02 $0.02 $0.02 $0.03 $0.03  $0.03 $0.03 $0.03 $0.03 $0.03 $0.03 $0.03  
 8 $39.86 $0.85 $0.90 $0.95 $1.01 $1.05  $1.09 $1.13 $1.18 $1.22 $1.27 $1.32 $1.38  
 10 $2.64 $0.06 $0.06 $0.06 $0.07 $0.07  $0.07 $0.07 $0.08 $0.08 $0.08 $0.09 $0.09  
 12 $2.25 $0.05 $0.05 $0.05 $0.06 $0.06  $0.06 $0.06 $0.07 $0.07 $0.07 $0.07 $0.08  
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Table A.2 Pipe Replacement & Rehabilitation Costs (2008 - 2019) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 

Total 
Project 
Cost(1) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

 15 $0.55 $0.01 $0.01 $0.01 $0.01 $0.01  $0.02 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02  
 21 $0.76 $0.02 $0.02 $0.02 $0.02 $0.02  $0.02 $0.02 $0.02 $0.02 $0.02 $0.03 $0.03  

Total (Million Dollars) $418 $8.85 $9.38 $9.95 $10.54 $10.96  $11.40 $11.86 $12.33 $12.83 $13.34 $13.87 $14.43  
Notes: 
(1) Costs in August 2006 dollars. 
(2) Costs are distributed evenly over a 50-year period. 
(3) Costs are escalated from 2006 by 6 percent through 2011, and by 4 percent thereafter. 
 
 
Table A.2 Pipe Replacement & Rehabilitation Costs (2020 - 2032) 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 
Before 1943 Unknown $0.80 $0.83 $0.86 $0.90 $0.93 $0.97  $1.01 $1.05 $1.09 $1.13 $1.18 $1.22 $1.27  
 4 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  
 6 $3.09 $3.21 $3.34 $3.47 $3.61 $3.76  $3.91 $4.07 $4.23 $4.40 $4.57 $4.76 $4.95  
 8 $6.21 $6.46 $6.72 $6.99 $7.27 $7.56  $7.86 $8.18 $8.50 $8.84 $9.20 $9.56 $9.95  
 10 $0.69 $0.72 $0.74 $0.77 $0.81 $0.84  $0.87 $0.91 $0.94 $0.98 $1.02 $1.06 $1.10  
 12 $0.51 $0.53 $0.55 $0.57 $0.59 $0.62  $0.64 $0.67 $0.70 $0.72 $0.75 $0.78 $0.81  
 14 $0.07 $0.07 $0.08 $0.08 $0.08 $0.08  $0.09 $0.09 $0.09 $0.10 $0.10 $0.11 $0.11  
 15 $0.38 $0.40 $0.41 $0.43 $0.45 $0.47  $0.49 $0.50 $0.52 $0.55 $0.57 $0.59 $0.61  
 16 $0.08 $0.09 $0.09 $0.09 $0.10 $0.10  $0.10 $0.11 $0.11 $0.12 $0.12 $0.13 $0.13  
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Table A.2 Pipe Replacement & Rehabilitation Costs (2020 - 2032) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 
 18 $0.30 $0.32 $0.33 $0.34 $0.36 $0.37  $0.38 $0.40 $0.42 $0.43 $0.45 $0.47 $0.49  
 20 $0.05 $0.05 $0.05 $0.06 $0.06 $0.06  $0.06 $0.07 $0.07 $0.07 $0.07 $0.08 $0.08  
 21 $0.22 $0.23 $0.24 $0.25 $0.26 $0.27  $0.28 $0.29 $0.31 $0.32 $0.33 $0.34 $0.36  
 24 $0.67 $0.69 $0.72 $0.75 $0.78 $0.81  $0.84 $0.88 $0.91 $0.95 $0.99 $1.03 $1.07  
 27 $0.20 $0.20 $0.21 $0.22 $0.23 $0.24  $0.25 $0.26 $0.27 $0.28 $0.29 $0.30 $0.31  
 30 $0.01 $0.01 $0.01 $0.01 $0.01 $0.01  $0.01 $0.01 $0.01 $0.01 $0.01 $0.01 $0.01  
 36 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02  $0.02 $0.02 $0.02 $0.02 $0.02 $0.02 $0.03  

9 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02  $0.02 $0.02 $0.02 $0.03 $0.03 $0.03 $0.03  1944 to 1956 
4 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  

 6 $0.04 $0.04 $0.04 $0.04 $0.04 $0.04  $0.05 $0.05 $0.05 $0.05 $0.05 $0.06 $0.06  
 8 $1.43 $1.49 $1.55 $1.61 $1.68 $1.74  $1.81 $1.89 $1.96 $2.04 $2.12 $2.21 $2.29  
 10 $0.09 $0.10 $0.10 $0.11 $0.11 $0.12  $0.12 $0.12 $0.13 $0.14 $0.14 $0.15 $0.15  
 12 $0.08 $0.08 $0.09 $0.09 $0.09 $0.10  $0.10 $0.11 $0.11 $0.12 $0.12 $0.12 $0.13  
 15 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02  $0.03 $0.03 $0.03 $0.03 $0.03 $0.03 $0.03  
 21 $0.03 $0.03 $0.03 $0.03 $0.03 $0.03  $0.03 $0.04 $0.04 $0.04 $0.04 $0.04 $0.04  

Total (Million Dollars) $15.00 $15.60 $16.23 $16.88 $17.55 $18.26  $18.99 $19.74 $20.53 $21.36 $22.21 $23.10 $24.02  
Notes: 
(1) Costs in August 2006 dollars. 
(2) Costs are distributed evenly over a 50-year period. 
(3) Costs are escalated from 2006 by 6 percent through 2011, and by 4 percent thereafter. 
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Table A.2 Pipe Replacement & Rehabilitation Costs (2033 - 2045) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 
Before 1943 Unknown $1.32 $1.38 $1.43 $1.49 $1.55 $1.61  $1.68 $1.74 $1.81 $1.89 $1.96 $2.04 $2.12  
 4 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  
 6 $5.14 $5.35 $5.56 $5.79 $6.02 $6.26  $6.51 $6.77 $7.04 $7.32 $7.61 $7.92 $8.24  
 8 $10.34 $10.76 $11.19 $11.64 $12.10 $12.59  $13.09 $13.61 $14.16 $14.72 $15.31 $15.92 $16.56  
 10 $1.15 $1.19 $1.24 $1.29 $1.34 $1.39  $1.45 $1.51 $1.57 $1.63 $1.70 $1.77 $1.84  
 12 $0.85 $0.88 $0.92 $0.95 $0.99 $1.03  $1.07 $1.11 $1.16 $1.21 $1.25 $1.30 $1.36  
 14 $0.12 $0.12 $0.12 $0.13 $0.14 $0.14  $0.15 $0.15 $0.16 $0.16 $0.17 $0.18 $0.18  
 15 $0.64 $0.66 $0.69 $0.72 $0.75 $0.78  $0.81 $0.84 $0.87 $0.91 $0.95 $0.98 $1.02  
 16 $0.14 $0.14 $0.15 $0.15 $0.16 $0.17  $0.17 $0.18 $0.19 $0.19 $0.20 $0.21 $0.22  
 18 $0.51 $0.53 $0.55 $0.57 $0.59 $0.62  $0.64 $0.67 $0.69 $0.72 $0.75 $0.78 $0.81  
 20 $0.08 $0.09 $0.09 $0.09 $0.10 $0.10  $0.11 $0.11 $0.11 $0.12 $0.12 $0.13 $0.13  
 21 $0.37 $0.39 $0.40 $0.42 $0.44 $0.45  $0.47 $0.49 $0.51 $0.53 $0.55 $0.57 $0.60  
 24 $1.11 $1.15 $1.20 $1.25 $1.30 $1.35  $1.40 $1.46 $1.52 $1.58 $1.64 $1.71 $1.78  
 27 $0.32 $0.34 $0.35 $0.37 $0.38 $0.40  $0.41 $0.43 $0.44 $0.46 $0.48 $0.50 $0.52  
 30 $0.01 $0.02 $0.02 $0.02 $0.02 $0.02  $0.02 $0.02 $0.02 $0.02 $0.02 $0.02 $0.02  
 36 $0.03 $0.03 $0.03 $0.03 $0.03 $0.03  $0.03 $0.04 $0.04 $0.04 $0.04 $0.04 $0.04  

9 $0.03 $0.03 $0.03 $0.03 $0.03 $0.04  $0.04 $0.04 $0.04 $0.04 $0.04 $0.05 $0.05  1944 to 1956 
4 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  

 6 $0.06 $0.06 $0.07 $0.07 $0.07 $0.07  $0.08 $0.08 $0.08 $0.09 $0.09 $0.09 $0.10  
 8 $2.39 $2.48 $2.58 $2.68 $2.79 $2.90  $3.02 $3.14 $3.26 $3.39 $3.53 $3.67 $3.82  
 10 $0.16 $0.16 $0.17 $0.18 $0.18 $0.19  $0.20 $0.21 $0.22 $0.22 $0.23 $0.24 $0.25  
 12 $0.13 $0.14 $0.15 $0.15 $0.16 $0.16  $0.17 $0.18 $0.18 $0.19 $0.20 $0.21 $0.22  



February 2008
 

A
-8

H
:\C

lient\R
iversid_S

A
O

W
\7472A

00\R
pt\V

olum
e 10\C

h01.doc 

 

 

Table A.2 Pipe Replacement & Rehabilitation Costs (2033 - 2045) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 
 15 $0.03 $0.03 $0.04 $0.04 $0.04 $0.04  $0.04 $0.04 $0.05 $0.05 $0.05 $0.05 $0.05  
 21 $0.05 $0.05 $0.05 $0.05 $0.05 $0.06  $0.06 $0.06 $0.06 $0.06 $0.07 $0.07 $0.07  

Total (Million Dollars) $24.98 $25.98 $27.02 $28.10 $29.23 $30.40  $31.61 $32.88 $34.19 $35.56 $36.98 $38.46 $40.00  
Notes: 
(1) Costs in August 2006 dollars. 
(2) Costs are distributed evenly over a 50-year period. 
(3) Costs are escalated from 2006 by 6 percent through 2011, and by 4 percent thereafter. 
 
 
Table A.2 Pipe Replacement & Rehabilitation Costs (2046 - 2057) 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057  
Before 1943 Unknown $2.21 $2.29 $2.39 $2.48 $2.58 $2.68  $2.79 $2.90 $3.02 $3.14 $3.27 $3.40  
 4 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  
 6 $8.56 $8.91 $9.26 $9.63 $10.02 $10.42  $10.84 $11.27 $11.72 $12.19 $12.68 $13.19  
 8 $17.22 $17.91 $18.63 $19.37 $20.15 $20.96  $21.79 $22.67 $23.57 $24.52 $25.50 $26.52  
 10 $1.91 $1.99 $2.06 $2.15 $2.23 $2.32  $2.42 $2.51 $2.61 $2.72 $2.83 $2.94  
 12 $1.41 $1.47 $1.52 $1.59 $1.65 $1.72  $1.78 $1.86 $1.93 $2.01 $2.09 $2.17  
 14 $0.19 $0.20 $0.21 $0.22 $0.22 $0.23  $0.24 $0.25 $0.26 $0.27 $0.28 $0.30  
 15 $1.06 $1.11 $1.15 $1.20 $1.24 $1.29  $1.35 $1.40 $1.45 $1.51 $1.57 $1.64  
 16 $0.23 $0.24 $0.25 $0.26 $0.27 $0.28  $0.29 $0.30 $0.31 $0.32 $0.34 $0.35  
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Table A.2 Pipe Replacement & Rehabilitation Costs (2046 - 2057) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual R&R Costs (Million Dollars)(2)(3) 
Construction 

Year 

Pipe 
Diameter 

(inch) 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057  
 18 $0.84 $0.88 $0.91 $0.95 $0.98 $1.02  $1.07 $1.11 $1.15 $1.20 $1.25 $1.30  
 20 $0.14 $0.15 $0.15 $0.16 $0.16 $0.17  $0.18 $0.18 $0.19 $0.20 $0.21 $0.21  
 21 $0.62 $0.64 $0.67 $0.70 $0.73 $0.75  $0.78 $0.82 $0.85 $0.88 $0.92 $0.95  
 24 $1.85 $1.92 $2.00 $2.08 $2.16 $2.25  $2.34 $2.43 $2.53 $2.63 $2.73 $2.84  
 27 $0.54 $0.56 $0.59 $0.61 $0.63 $0.66  $0.68 $0.71 $0.74 $0.77 $0.80 $0.83  
 30 $0.02 $0.03 $0.03 $0.03 $0.03 $0.03  $0.03 $0.03 $0.03 $0.04 $0.04 $0.04  
 36 $0.04 $0.05 $0.05 $0.05 $0.05 $0.05  $0.06 $0.06 $0.06 $0.06 $0.07 $0.07  

9 $0.05 $0.05 $0.05 $0.05 $0.06 $0.06  $0.06 $0.06 $0.07 $0.07 $0.07 $0.08  1944 to 1956 
4 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00  $0.01 $0.01 $0.01 $0.01 $0.01 $0.01  

 6 $0.10 $0.10 $0.11 $0.11 $0.12 $0.12  $0.13 $0.13 $0.14 $0.14 $0.15 $0.15  
 8 $3.97 $4.13 $4.30 $4.47 $4.65 $4.83  $5.03 $5.23 $5.44 $5.65 $5.88 $6.11  
 10 $0.26 $0.27 $0.28 $0.30 $0.31 $0.32  $0.33 $0.35 $0.36 $0.37 $0.39 $0.40  
 12 $0.22 $0.23 $0.24 $0.25 $0.26 $0.27  $0.28 $0.30 $0.31 $0.32 $0.33 $0.35  
 15 $0.05 $0.06 $0.06 $0.06 $0.06 $0.07  $0.07 $0.07 $0.07 $0.08 $0.08 $0.08  
 21 $0.08 $0.08 $0.08 $0.09 $0.09 $0.09  $0.10 $0.10 $0.10 $0.11 $0.11 $0.12  

Total (Million Dollars) $41.60 $43.26 $44.99 $46.79 $48.66 $50.61  $52.64 $54.74 $56.93 $59.21 $61.58 $64.04  
Notes: 
(1) Costs in August 2006 dollars. 
(2) Costs are distributed evenly over a 50-year period. 
(3) Costs are escalated from 2006 by 6 percent through 2011, and by 4 percent thereafter. 
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OVERALL CIP COSTS 
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Table B.1 Capital Improvement Project Costs 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Annual CIP Costs ($ Million)(2) 

Proposed Projects 
Total Project Cost(1) 

($ Million) 
FY 

06/07 
FY 

07/08 
FY 

08/09 
FY 

09/10 
FY 

10/11 
FY 

11/12 
FY 

12/13 
FY 

13/14 
FY 

14/15 
FY 

15/16 
FY 

16/17 
FY 

17/18 
FY 

18/19 
FY 

19/20 
FY 

20/21 
FY 

21/22 
FY 

22/23 
FY 

23/24 
FY 

24/25 Total 

Plant 1 Primary Expansion, MBR, and 
Digester 

185  2.50 10.00 12.50 87.51 87.51 50.01             250.04

MBR Equipment Upgrade 12              1.01 1.52 10.14 12.67 - - 25.35 
New Boilers 3        4.52            4.52 
New Chlorine Contact Basin 4.0           0.29 0.43 2.89 3.62      7.23 
New Headworks 10.0             0.80 1.20 8.00 10.01    20.01 
WAS Thickening Facility(2) 17.0                 1.62 2.43 16.19 20.23 
Influent Metering Project 5.9         2.74 6.39          9.13 
O&M Building 2.1         0.98 2.28          3.25 
Headwork-Metering Vault 0.5   0.17 0.40                0.58 
54-inch Pipe 0.1   0.04 0.10                0.14 
Low-Pressure Digester Gas Holder 1.2  0.15 0.68 0.68                1.51 
1.2-MW Fuel Cell 13.20  0.68 1.02 6.83 8.54               17.08 
Power System Projects 5.10          2.58 6.03         8.61 
SCADA System Upgrades 1.0   0.066 0.070 0.074 0.079 0.082 0.085 0.089 0.092 0.096 0.100 0.104 0.108 0.112 0.117 0.121 0.126 0.131 1.65 
Waste Gas Burner 0.5  0.17 0.39                 0.56 
Biofilters 1 and 2 2.1         0.98 2.28          3.26 
Building-Headquarters for Sewer Line 0.3         0.15 0.35          0.50 
Total Treatment Expenditures 315 - 3.50 12.37 20.58 96.13 87.59 50.09 4.60 4.93 13.98 6.41 0.53 3.80 5.94 9.64 20.26 14.41 2.55 16.32 373.65
Collection System - Capital projects 
identified in the 2005 CSMP(3) 

37.7  4.24 4.49 4.76 5.05 5.25 5.46 5.68 5.90 6.14 6.39         53.35 

Collection System - R&R projects 
identified by the City(4) 

159  8.85 9.39 9.95 10.54 10.97 11.41 11.86 12.34 12.83 13.34 13.88 14.43 15.01 15.61 16.23 16.88 17.56 18.26 239.29

Total Collection System Expenditures 196.7  13.09 13.88 14.71 15.59 16.21 16.86 17.54 18.24 18.96 19.73 13.88 14.43 15.01 15.61 16.23 16.88 17.56 18.26 292.64
Total for the Year  - 16.6 26.3 35.3 111.7 103.8 67.0 22.1 23.2 32.9 26.1 14.4 18.2 20.9 25.2 36.5 31.3 20.1 34.6 666.3 
Cumulative Expenditure  - 16.59 42.84 78.13 189.84 293.65 360.60 382.74 405.91 438.85 464.99 479.40 497.63 518.57 543.81 580.30 611.60 631.71 666.28  
Notes: 
(1) Project Costs in August 2006 Dollars. 
(2) Costs are midpoint construction dollars spread evenly over the 19-year period. 
(3) Collection system capital improvement project costs are distributed evenly over 10-year period, then escalated at 6 percent for the first 5 years, then 4 percent for the remaining years. 
(4) Collection system R&R projects are distributed over a 25-year period and then escalated at 6 percent for the first 5 years, then 4 percent for the remaining years. However, for the Integrated Master Plan, only costs 

through year 2025 are included.  
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Chapter 2 

OPERATION AND MAINTENANCE COST 

2.1 PURPOSE 
The purpose of this chapter is to provide a summary of the additional Operation and 
Maintenance (O&M) costs that will occur between now and 2025 because of the treatment 
projects that are recommended for the City of Riverside (City) Regional Water Quality 
Control Plant (RWQCP). These projects are based on the analyses and recommendations 
presented in the other volumes of this Master Plan. 

2.2 BACKGROUND 
The RWQCP currently treats approximately 33 mgd. The expansion projects were identified 
based on the flow projections made in Volume 2, Chapter 3 - Population and Flow 
Projections. Figure 2.1 shows the projected average daily flow for the RWQCP for the 
master planning period for both the high-growth and low-growth scenarios. 

The capital costs of the master plan projects are discussed in Volume 10, Chapter 1 - 
Capital Costs and Implementation Schedule. These include collection system, liquid and 
solids treatment systems, energy management, and odor control projects.  

2.3 OPERATION AND MAINTENANCE COST CRITERIA 
The O&M costs for the existing facilities were provided by the City. These costs are 
presented in Volume 11, Chapter 3 - Financial Planning Tool. The O&M costs of the 
existing facilities are excluded from the discussion in this chapter. The additional O&M 
costs for the recommended treatment system projects are based on energy consumption, 
chemical supply, and labor, based on the influent flow projections. The additional O&M 
costs are presented in August 2006 dollars, inflated with an escalation rate of 6 percent for 
the first 5 years and 4 percent thereafter. The electricity rate is $0.09 per kWh in 
2006 dollars.  

2.4 OPERATION AND MAINTENANCE COST BREAKDOWN 
This section presents the yearly average O&M costs for the major master plan projects. 
These costs are based on the analyses and recommendations presented in the other 
volumes of this Master Plan.
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Table 2.1 lists the breakdown of the additional O&M costs. All costs are adjusted for 
inflation in the year they are assumed to occur. A brief description of these projects is 
presented below. The additional O&M costs in Table 2.1 do not begin until 2010, even 
though the master plan period begins in 2006, because no master plan projects that have 
additional O&M costs associated with them will be completed before 2010. 

2.4.1 Collection System 

The O&M costs for the recommended collection system projects are assumed to be the 
same as the current costs with adjustments for inflation factored in. These costs are not 
included in this chapter. The inflation-adjusted costs are included in the rate analysis, which 
is presented in Volume 11, Chapter 3 - Financial Planning Tool. 

2.4.2 Treatment System 

The additional O&M costs for the recommended treatment system projects are presented 
below. 

2.4.2.1 Liquid Stream Treatment and Odor Control Projects 

New Headworks: O&M costs are added from 2023, based on the requirement for additional 
capacity in addition to the existing capacity of approximately 45 mgd. 

Plant 1 Primary Expansion: The existing Plant 1 clarifiers have gone beyond their useful life 
and require relatively intensive maintenance to consistently provide effective treatment. In 
addition, rectangular clarifiers require more O&M than circular ones at the same capacity. 
Therefore, the O&M costs for the existing 20-mgd rectangular clarifiers will be 
approximately the same as the new 32-mgd circular clarifiers, so no additional O&M costs 
for primary clarifiers are included. O&M costs for primary effluent equalization and biofilters 
are added from the year 2013, based on the requirement for additional capacity over time. 

Membrane Bioreactor (MBR) Facilities: O&M costs are added from the year 2013 based on 
the capacity requirement. Because high-quality filtrate from the MBRs does not require 
tertiary filtration, credit for tertiary filter O&M costs are given. Based on the previous years 
budget data provided by the City, tertiary treatment costs are approximately 32 percent of 
the total treatment cost. Applying the ratio of 32 percent to $11.8 million for the budget year 
of 2006, the tertiary treatment O&M cost is $3.8 million at the capacity of 33.5 mgd. 
Therefore, the tertiary treatment cost for 20 mgd is approximately $2.3 million and the 
tertiary treatment savings for 13.5 mgd is approximately $1.5 million in 2006 dollars. 
Table 2.2 shows the O&M costs of the existing tertiary treatment process. 
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Table 2.1 Additional O&M Cost Breakdown 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 

New Headworks $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $20,000 $42,000 $65,000

Biofilters $0 $0 $0 $47,000 $98,000 $104,000 $110,000 $116,000 $122,000 $129,000 $136,000 $143,000 $151,000 $159,000 $168,000 $177,000

Primary Clarifiers $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Primary Sludge Pump Station $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Primary Effluent EQ $0 $0 $0 $40,000 $84,000 $89,000 $94,000 $99,000 $104,000 $110,000 $116,000 $122,000 $129,000 $136,000 $143,000 $151,000

Primary EQ Pumps $0 $0 $0 $26,000 $56,000 $59,000 $62,000 $66,000 $69,000 $73,000 $77,000 $81,000 $86,000 $90,000 $95,000 $100,000

Fine (perforated) Screens, 
MBR Facility and RAS/WAS 
Pumps 

$0 $0 $0 $195,000 $417,000 $447,000 $478,000 $511,000 $546,000 $583,000 $622,000 $663,000 $706,000 $752,000 $796,000 $843,000 

Additional MBR Equipment $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $4,000 $8,000

Primary Sludge Thickeners 
(GBTs) 

$0 $0 $0 $204,000 $430,000 $454,000 $479,000 $506,000 $534,000 $563,000 $594,000 $626,000 $660,000 $695,000 $733,000 $772,000 

WAS Thickeners (GBTs) $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Chlorine Contact Basin $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $9,000 $33,000 $59,000 $87,000 $117,000 $150,000 

Ozone + UV 52 mgd $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $838,000 $884,000 $932,000 $982,000 $1,035,000 $1,090,000 

Acid-Phase Digester $0 $0 $0 $214,000 $452,000 $477,000 $504,000 $532,000 $561,000 $592,000 $624,000 $658,000 $693,000 $731,000 $770,000 $811,000 

Reclaim and Reuse Water $97,000 $103,000 $107,000 $111,000 $115,000 $120,000 $125,000 $130,000 $135,000 $140,000 $146,000 $152,000 $158,000 $164,000 $171,000 $178,000 

Energy Management $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

Total Additional O&M Cost $97,000 $103,000 $107,000 $837,000 $1,652,000 $1,750,000 $1,852,000 $1,960,000 $2,071,000 $2,190,000 $2,324,000 $2,478,000 $2,642,000 $2,834,000 $3,039,000 $3,255,000
Ozone+UV Scenario Cost     $3,153,000 $3,329,000 $3,515,000 $3,729,000 $3,957,000 $4,195,000

Notes: 
(1) All costs are as future value with an escalation rate of 6 percent through the year 2011 and 4 percent thereafter and adjusted based on the requirement to meet capacity over time. 
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Table 2.2 Existing Tertiary Treatment O&M Costs 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Treatment Process O&M Cost Percentage 

Budget Year: 1997/1998   

Primary Treatment(1) $1,637,000 18.6% 

Secondary Treatment(1) $1,964,000 22.3% 

Tertiary Treatment(1) $2,824,000 32.1% 

Solids Treatment(1) $2,372,000 27.0% 

Plant Total(1) $8,797,000 100.0% 

Budget Year: 2006   

Plant Total $11,760,000  

Tertiary Treatment(2) $3,770,000  

Treatment Capacity: 33.5 mgd   

Tertiary Treatment for 20 mgd(3) $2,250,000  

Tertiary Treatment Savings(3) $1,520,000  

Notes: 
(1) Budget data provided by the City for the August 2001 Revenue Plan. 
(2) Assume the same percentage as in 1997/1998. 
(3) When MBR is in operation, tertiary filters will be used for Plant 2 secondary effluent, 

which is 20 mgd on an annual average basis. 

Disinfection: In Volume 4, Chapter 9 - Disinfection, chlorine contact basins will be used for 
disinfection unless future regulations require different methods. O&M costs are added from 
2020, based on the requirement for additional capacity in addition to the existing capacity of 
44 mgd. Ozone and UV disinfection O&M costs are calculated as an alternative to chlorine 
disinfection. For the ozone and UV disinfection scenario, credits are given for the existing 
44-mgd chlorination and dechlorination chemical costs. O&M costs for the new ozone and 
UV facilities are added from 2020 as a comparison to the chlorine scenario, though the start 
date of the ozone and UV disinfection project is undetermined. 

2.4.2.2 Solids Treatment 

Primary Sludge Thickeners: Primary solids are currently thickened in the Plant 2 primary 
clarifiers before digestion. Separate Gravity Belt Thickeners (GBTs) will be used after the 
completion of Plant 1 Primary Expansion in 2013. The future O&M costs for the new 
primary sludge thickeners are added from the year 2013, based on the requirement to meet 
capacity over time. 
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Waste Active Sludge (WAS) Thickeners: The existing Dissolved Air Flotation Thickeners 
(DAFTs) will be used until 2026, when new GBTs are installed. The additional O&M costs of 
the GBTs are not added for the master plan period until 2025. 

Digestion: Acid-Phase Anaerobic Digestion O&M costs are added from the year 2013, 
based on the requirement to meet capacity over time. 

2.4.3 Reclamation and Reuse  

The reclamation and reuse project will be completed in 2010. The O&M costs are added 
from the year 2010. 

2.4.4 Energy Management  

There are no additional O&M costs for the energy management projects, including 
cogeneration engines and fuel cells, discussed in this chapter. It is assumed that the O&M 
costs for the fuel cells will be similar to those for the existing cogeneration engines that they 
will replace, so only adjustments for inflation are considered. The inflation-adjusted costs 
are included in the rate analysis, which is presented in Volume 11, Chapter 3 - Financial 
Planning Tool. 

2.5 TOTAL OPERATION AND MAINTENANCE COSTS 
The total additional O&M costs for all of the recommended projects from the year 2010 to 
the year 2025 are summarized on Figure 2.2. The total additional O&M cost increases by 
approximately $0.7 million in 2013, when the combined project that includes the Plant 1 
Primary Expansion, MBR Facilities, and Acid-Phase Digester is completed in the midyear. 
Figure 2.2 shows two scenarios for the total additional O&M costs for all the projects listed 
in Table 2.1, from 2010 through 2025. The blue line represents the additional O&M costs for 
these projects using chlorine disinfection. The pink line represents the additional O&M costs 
for these projects if regulatory requirements lead to the installation of ozone and UV 
disinfection. 
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Chapter 1 

MASTER PLAN MANAGER™ 

1.1 PURPOSE 
The City of Riverside (City) is in the process of completing their Wastewater Collection and 
Treatment Facilities Integrated Master Plan (Integrated Master Plan). The Integrated Master 
Plan began with growth and regulatory assumptions that were used to develop alternatives. 
The alternatives were then evaluated based on their ability to meet the growth and 
regulatory needs. From there, alternatives were further developed to estimate 
implementation costs and schedules.  

The Master Plan Manager™ (MPM™) software application allows growth and regulatory 
assumptions to be easily updated as changes occur in the future. The purpose of this 
chapter is to explain the overall functionality of the MPM™ software and how the City can 
use it in the future to meet their needs. 

1.2 CONCLUSIONS 
MPM™ allows the user to create and easily update numerous options for growth and 
regulatory assumptions that can be combined in a variety of ways to create many 
scenarios. The software provides immediate scenario results that can then be compared 
and evaluated against one another. These analyses will help the City to identify and 
understand planned trigger points for various projects, the impacts to capacity and effluent 
quality from the different growth options, and the relative impacts to the Capital 
Improvement Program (CIP) in terms of cost and scheduling. All together, the City can 
understand potential future capacity bottlenecks, and potential failures to meet effluent 
quality requirements based on various growth options and selection of treatment processes. 
This information will allow the City to plan for flexibility, react to uncertainty, and implement 
projects just in time. 

1.3 INTRODUCTION 
The master planning process involves developing wastewater flow and pollutant load 
projections based on population for the desired planning time frame. These projections are 
then compared with existing facilities or those that are in the midst of construction in order 
to determine where and when treatment capacity needs will be greater than the available 
capacity.  

Projections are also compared with existing and future regulatory requirements to 
determine when and for which constituents the projected effluent quality will exceed 
National Pollutant Discharge Elimination System (NPDES) permit limits. Once a complete 
scenario is developed, the impact to the CIP, in terms of costs and the implementation 
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schedule must be calculated. When multiple scenarios have been developed, their outputs 
and impacts can be compared against one another to determine the sensitivity of the 
system to a range of parameters. 

The traditional approach to master planning is limited by budget and time constraints to a 
limited number of projection options or combinations of options. Also, if a change is made to 
any of the inputs, the entire scenario must be reconfigured to determine its impacts. 
Developing each scenario is a time and labor-intensive process, as is performing a 
sensitivity analysis on the scenario. 

By using a dynamic computerized planning tool, like MPM™, for the master planning 
process, instead of the “paper” approach, many more options and scenarios, can be 
developed for the same budget. In addition, sensitivity analyses can be performed for a 
large number of potential scenarios.  

MPM™ computerizes and automates the master plan process by incorporating historical 
and projected flows and loads for domestic, industrial, and nontraditional pollutants; water 
conservation measures; treatment processes and capacities; pollutant reduction and 
addition; regulatory requirements; planned projects and estimated costs; and Operations 
and Maintenance (O&M) costs. These data are used to develop flow and load projections, 
perform capacity evaluations, determine effluent quality, develop project schedules, and 
develop overall costs. The MPM™ can produce numerous "what-if" scenarios in order to 
develop a sensitivity analysis. 

Figure 1.1 shows the MPM™ logic diagram. Data inputs are shown in yellow, and 
calculations are shown in blue. Data and calculation links are denoted by solid and dashed 
lines, respectively. MPM™ takes historical population, flow, and load information, and using 
projected population, calculates projected flows and loads. In addition to traditional 
pollutants, MPM™ can model other pollutants including metals, pH, TDS, and trace 
organics. The model can also take into account water conservation in relation to projected 
flows and loads. 

Once the projected flows and loads have been developed, MPM™ evaluates capacity and 
effluent quality. By comparing projected flows and loads to the existing treatment capacity, 
MPM™ identifies when capacity (for which major components in which year) is insufficient. 
By applying pollutant reduction percentages to projected flows and loads, effluent quality is 
calculated. When compared against the regulatory requirements, MPM™ identifies where 
effluent quality (for which pollutants in which years) is inadequate to meet permit needs. 
Based on the results of the two evaluations of capacity and effluent quality, future facilities 
and costs are identified through the development of the CIP, and along with O&M costs, are 
used by MPM™ to calculate a project schedule and overall costs per year. 
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1.4 FUNCTIONALITY 
MPM™ is a software application that uses a Microsoft Access database, accompanied by a 
graphical user interface that is programmed in C#. The screen is divided into three areas as 
shown in Figure 1.2. The three areas include: 

• The toolbar along the top, which allows the user to add, copy, delete, save, and many 
other basic functions, including developing reports and graphing. 

• The “tree” on the left hand side for navigation throughout the application. 

• The main screen in the middle, which displays the data and results. 

The tree structure is organized in layers - the topmost layer is the scenario layer. As many 
scenarios as needed can be created, and each scenario contains a full tree structure 
underneath it. Scenarios can easily be copied and then specific data can be modified. For 
the City, six scenarios were developed, one for each Growth option for the cases where the 
City would implement additional chlorine contact basins and one for each Growth option for 
the cases where the City would implement ozonation and UV disinfection. The next layer is 
the calculation layer - these are layers in which the software is calculating results and 
displaying them. The lowest layer is the data option, where the user enters in data that is 
then used for calculations. As many data options as needed can be created to model future 
possibilities. The Scenario Summary page is the screen from which the user can access all 
the data and see immediate results pertaining to the Capacity Evaluation and Effluent 
Quality components of MPM™. 

1.4.1 Projected Years 

The first step in customizing MPM™ is to develop the planning time frame. Each year of the 
planning time frame is entered into the grid as shown in Figure 1.3. The time frame can be 
set for any number of years. For the City, the years 2007/2008 (denoted as 2008 in 
MPM™) through 2024/2025 (denoted as 2025 in MPM™) are the assumed planning 
horizon. 

1.4.2 Projected Flows and Loads 

Projected population, flows, and loads are required for determining the influent 
concentrations as well as the capacity requirements. The projections provide information 
needed to size additional facilities, as well as determine if there are likely to be compliance 
issues with meeting NPDES permit requirements. 

The flow and load portion of MPM™ is divided into four categories; Domestic, Industrial, 
Other Pollutants, and Water Conservation. Each of these four categories is a data option 
and, except for Water Conservation, have historical and projected data separated. All the  
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projected data is displayed on the Projected Flows and Loads calculations layer. For the 
City, data was entered for the Domestic and Other Pollutant portions. 

1.4.2.1 Domestic Flows and Loads 

For the Historical Domestic data option, the user enters any numbers of years worth of data 
for Flow (mgd), BOD (lbs/day), TSS (lbs/day), TN (lbs/day), and TP (lbs/day), from which 
MPM™ calculates average flow and concentration, as shown in Figure 1.4. For the City, 
data was entered for the years 2000 through 2006.  

For Projected Domestic data options, the user enters in projected population for each 
projected year, and from that, and the historical averages and concentrations, MPM™ 
calculates projected flows and loads for Flow (mgd), BOD (lbs/day), TSS (lbs/day), TN 
(lbs/day), and TP (lbs/day), as displayed in Figure 1.5. For the City, projected population 
data was entered for 2008 through 2025. MPM™ calculated projected flows and loads for 
those years based on the historical per capita values. 

The database structure is set up so that once historical data is entered, any number of 
Projected Domestic data options can be developed. However, the user can only create one 
Historical Domestic data option. In Figure 1.5, the main screen shown is the “0.75% Growth 
Domestic” data option. Three Projected Domestic data options are entered into MPM™, 
entitled “0.75% Growth”, “1.09% Growth”, and “1.5% Growth” as displayed in the tree part 
of the screen in Figure 1.5. Whichever data option is selected is the data that is carried 
forward to the Projected Flows and Loads calculations layer by simply clicking on the 
Selected box. This feature allows for modeling a range of outcomes. In addition, the user 
can easily copy and modify data options as changes occur. 

1.4.2.2 Industrial Flows and Loads 

The Industrial Flows and Loads portion of MPM™ is used to separate industrial flows from 
residential/commercial flows, and model them separately. For the City, industrial flows and 
loads were not modeled separately in MPM™ because industries in the City do not 
contribute a significant percentage of the flow, nor do they contribute a significant 
concentration of any pollutant. The software has the ability to model industrial flows 
separately if conditions in the City change in the future. 

The Industrial portion of flows and loads is similar to the Domestic portion in that there is a 
Historical Industrial data option where data is entered for historical flow (mgd) and load 
(lbs/day) data for BOD, TSS, TN, and TP, for any number of years, as shown in Figure 1.6. 
For the Projected Industrial data options, the user enters in all projected flow and load data 
for Flow (mgd), BOD (lbs/day), TSS (lbs/day), TN (lbs/day), and TP (lbs/day) for each 
projected year, rather than having MPM™ calculate projected flows and loads, as displayed 
in Figure 1.7. 
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Similarly to the Domestic data, the user can only create one Historical Industrial data option 
and as many Projected Industrial data options as needed. Whichever data option is 
selected is carried forward to the Projected Flows and Loads calculations layer by clicking 
on the Selected box.  

1.4.2.3 Other Pollutants 

The Other Pollutants portion of MPM™ allows the user to address pollutants in addition to 
Flow, BOD, TSS, TN, and TP, including heavy metals and pharmaceuticals. The Other 
Pollutant portion has the same database structure as the Domestic and Industrial Flows 
and Loads portions, in which there is a Historical Other Pollutant data option with user 
entered data for as many years as desired, as shown in Figure 1.8.  

The difference in the Other Pollutants grid is that the pollutants in the grid are user 
customizable. The user selects a pollutant from the drop down menu and adds it to the grid. 
The user can also add pollutants that are not currently in the drop down menu. Once the 
grid has been created, the user enters historical data by year, as done previously for the 
other portions. MPM™ calculates average concentration or value. For the City, data was 
entered for ammonia, TDS, and TIN for the years 2000 through 2006. 

For the Projected Other Pollutants data options, the user customizes the grid for the 
pollutants that are to be modeled in a fashion similar to the Historical data option. Here the 
user enters a concentration and along with the projected flow (for the data options that have 
been selected), MPM™ calculates the projected loads, as shown in Figure 1.9. Again, for 
the City, ammonia, TDS, and TIN were projected for the years 2008 through 2025. 

The database structure is set up so that once historical data is entered, any number of 
Projected Other Pollutant data options can be developed, but only one Historical Other 
Pollutant data option can be created. Again, whichever data option is selected is carried 
forward to the Projected Flows and Loads calculations layer by clicking on the Selected 
box. This feature allows the user to model a range of outcomes and the user can easily 
copy and modify data options as changes occur. 

1.4.2.4 Water Conservation 

Water Conservation is used to model the impacts to the projected flows and loads if flows 
or TDS loads are reduced due to such activities as the installation of low flush toilets or 
waterless urinals. No water or TDS conservation was assumed at this time for the City. 
However, MPM™ has the ability to model this in the future, if necessary. 
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For Water Conservation, there is no Historical data in the model because historical data for 
water conservation is not used for any projection calculations. For the Water Conservation 
data options, as shown in Figure 1.10, the user enters overall percentages of water and 
TDS conservation by year which are applied to the overall Projected Flows and Loads 
calculations layer. The user can create as many Water Conservation data options as 
needed and, the selected data option is carried forward to the Projected Flows and Loads 
calculations layer by clicking on the Selected box.  

1.4.2.5 Projected Flows and Loads 

MPM™ integrates the data from the four portions of Projected Flows and Loads on the 
Projected Flows and Loads calculations layer, as shown in Figure 1.11. The grid shows all 
the pollutants for which there is projected data from the selected Projected Other Pollutant 
data option, and integrates the selected projected flow and load data options from both the 
Projected Domestic and Industrial data options. In addition, the percentages of water and 
TDS conserved are applied to the grid as well. The overall projected flows and loads are 
then used throughout MPM™. The user can enter peaking factors for maximum month, 
peak hour, and equalized flow peak, and these factors are used for calculating the flow or 
load that is handled by the facilities in the evaluation of capacity. 

1.4.3 Existing Treatment Process and Capacity 

Once flows and loads have been addressed, the existing treatment facilities need to be 
entered into MPM™, and this is handled on the Existing Treatment Process and Capacity 
data option. While Existing Treatment Process and Capacity is a data option, the user 
cannot create more than one as any existing facility only has one overall treatment train. A 
database of major components (clarifier, filter, chlorine contact basin) is provided, and new 
major components can be added as well. Each major component in the treatment process 
is “dragged” into the grid from the database, and then its associated influent capacity, 
capacity type, and units, averaging period, design criteria and units, number of units, and 
year and capacity offline (if applicable) is entered, as shown in Figure 1.12. If there are 
major components that do not provide treatment but do have costs associated with them, 
such as sodium hypochlorite disinfection, then only the Included in Costs checkbox is 
checked, otherwise Included in Treatment is also checked. Major components are then 
positioned correctly and linked together in the train. The grid then displays train and flow 
order. For the City, the existing treatment train information was entered and can be seen in 
Figure 1.12. 
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1.4.4 Planned Projects and Costs  

The CIP is developed in the Planned Projects and Costs data options. Here each major 
component is “dragged” into the grid from the existing database, similarly to the Existing 
Treatment Process and Capacity data option. For each major component, as shown in 
Figure 1.13, the following information is entered: 

• Associated project name. 

• Reason for implementation (Rehab, Regulatory Requirement, Additional Capacity, 
Additional Major Component, or combinations thereof). 

• Capacity, type, and units. 

• Number of units. 

• Design length (years). 

• Construction length (years). 

• Year online. 

• Estimated construction costs. 

• Percentage allocated to expansion. 

• Percentage allocated to replacement/improvement. 

An Engineering, Administrative, Legal, Construction Management (EALC) factor is entered 
and multiplied by the estimated construction cost to calculate the total project cost for each 
major component. In the case of the City, an EALC factor of 1.3 was used. Major 
components are then positioned correctly alongside existing major components and linked 
together in the train. The grid then displays train and flow order.  

Similar to the Existing Treatment Process and Capacity data option, if there are major 
components that do not provide treatment but do have costs associated with them, such as 
the Collection System Project listed in Figure 1.13, then only the Included in Costs 
checkbox is checked. If the major component provides treatment, then the Included in 
Treatment is also checked. 

The projects listed in Figure 1.13 have been developed in accordance with City needs for 
the “0.75% Growth Domestic” data option. 

Planned Projects and Costs is a data option, so as many data options as needed can be 
developed. In the tree structure of Figure 1.13, a total of four CIPs (Planned Projects and 
Costs data options) are displayed for the City’s growth rate of 0.75 percent. The four CIPs 
are: 1) “Base Alternative”, 2) “Alternative with Basin Cover”, 3) “Alternative with Basin 
Liner”, and 4) “Alternative with Basin Cover and Liner.” 
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1.4.5 Flow and Solids Allocation 

The Flow and Solids Allocation data option is used to route projected flows and loads to 
each major component, both existing and planned. There is only one data option per 
Planned Projects and Costs data option. The software has the ability to model multiple flow 
and solids allocations in order to understand the impacts to the capacity evaluation. 
Modeling various allocations can be done by copying the entire scenario, and changing the 
percentages on the new Flow and Solids Allocation data option. For each linkage between 
major components in the treatment train, the user enters the percentage of total flow that 
link receives for each projected year in the grid and the percentages are displayed in the 
train, as shown in Figure 1.14. For the City, the existing and future flow allocation 
percentages among the treatment trains, including Plant 1 and 2 and the two filters, were 
entered into the grid. 

1.4.6 Treatment Train Summary 

Treatment Train Summary is a calculation layer that applies the percentages for each major 
component link (existing and planned) from the Flow and Solids Allocation data option to 
the projected flows from the Projected Flows and Loads calculation layer. The result of this 
is that MPM™ calculates and displays the routed projected flow to each major component 
for each projected year, as shown for the City in Figure 1.15.  

1.4.7 Capacity Evaluation 

For the Capacity Evaluation calculation layer, MPM™ compares the Projected Flows and 
Loads values, multiplied by the respective flow and load peaking factors, if applicable, 
against the existing and planned major components capacity. As shown in Figure 1.16, 
each major component is listed, along with its capacity information, averaging period, and 
peaking factor. For each major component, the routed projected flow or load (adjusted by 
peaking factor) is displayed for each projected year. If the major component is offline, 
Offline is displayed instead of the flow or load. The capacity evaluation for the City’s 
existing and planned major components for the “0.75% Growth Domestic” data option and 
“Base Alternative CIP” is shown in Figure 1.16. 

For each major component, a YES or NO in the “Requirements Met” column indicates 
whether the existing or planned capacity is adequate to handle the routed projected flow or 
load. The Capacity Evaluation calculation layer for the “1.5% Growth Domestic” data option 
and “0.75% Base Alternative” CIP is shown in Figure 1.17, and as indicated, the 
requirements are not met. The red font indicates for which year a capacity issue exists in 
the grid.  
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If capacity needs are not met, the user can compare the routed flow against the capacity to 
determine the extent of the capacity deficiency, and then has two options. The first is to 
change the percentage in the Flow and Loads Allocation data option for the respective 
major component linkages, while still ensuring that all flows add to 100 percent. The second 
is to add additional capacity via a Planned Projects and Costs data option. Adding 
additional capacity translates to adding a new project, or if the new project has already 
been planned for, either increasing the actual capacity listed for the planned major 
component, or changing the year online to an earlier year, so that the major component and 
its associated capacity comes online earlier. By clicking on different data options for 
Projected Domestic, Industrial, Other Pollutants, and Water Conservation, MPM™ will 
immediately display the results so that the user understands the impacts to capacity needs 
throughout the planning horizon. CIPs can then be adjusted as needed to meet the various 
needs. 

In the case of Figure 1.17, the City’s planned projects need to come online in an earlier 
year, as the years online for the planned projects for the “0.75% Growth” Projected 
Domestic data option are not suitable for the “1.5% Growth” Projected Domestic data 
option. The user can adjust the year online in the Planned Projects and Costs data options. 
In Figure 1.18, the project schedules for the respective Projected Domestic data options, for 
both the 0.75 percent and 1.5 percent growth options, are shown; and as an example, the 
user can see the delay in the implementation of the Headworks project. For the 
0.75 percent growth option the headworks project starts design in 2010 and in 2014 for the 
1.5 percent growth option. 

1.4.8 Pollutant Reduction 

One step in determining the projected effluent quality is to develop the Pollutant Reduction 
data option(s). Pollutant Reduction is where the performance of the treatment process in 
terms of removing pollutants is developed. Each major component, both existing and 
planned, is displayed in the grid, as shown in Figure 1.19. All pollutants displayed in the 
Projected Flows and Loads calculation layer are shown in the grid as well. The user then 
enters the pollutant reduction percentage that applies for each major component for each 
pollutant. Multiple data options can be created, such that a treatment process with low, mid, 
and high performance can all be modeled. The selected option is then applied to the data 
from the Projected Flows and Loads calculation layer to, in part, calculate the projected 
effluent quality. Pollutant reduction values as determined for the City’s treatment processes 
are displayed in Figure 1.19. 

1.4.9 Pollutant Addition 

Another step in determining projected effluent quality is to address the circumstances under 
which the treatment process actually adds constituents (pollutants) into the flow. One 
common example is that chlorination with sodium hypochlorite or dechlorination with 
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sodium bisulfite introduces TDS. Pollutant Addition is a data option, as shown in Figure 
1.20, where the grid shows each major component and each pollutant, and the user enters 
into the grid the pollutant addition concentration from each major component for each 
pollutant as applicable. The City’s addition of TDS to their flow from the chlorination process 
is displayed in Figure 1.20. Since Pollutant Addition is a data option, as many options as 
needed can be developed. 

1.4.10 Regulatory Requirements 

The last step needed to evaluate effluent quality is regulatory requirements. The Regulatory 
Requirements data option(s) is used to enter the NPDES permit requirements. This data 
can then be compared against the projected effluent quality to see if the requirements are 
being met. As shown in Figure 1.21, each pollutant is listed, and then for each projected 
year, the user enters the requirement for effluent quality. The City’s effluent quality 
requirements for flow, TSS, BOD, ammonia, TDS, and TIN are displayed in Figure 1.21. 
Regulatory Requirements is a data option, so the user can create as many options as 
needed to model all future outcomes. 

1.4.11 Effluent Quality 

The Effluent Quality calculation layer compares the projected effluent quality against the 
effluent quality requirements that come from the selected Regulatory Requirements data 
option. The projected effluent quality is calculated by MPM™ by applying the pollutant 
reduction percentages from the selected Pollutant Reduction data option to the Projected 
Flows and Loads values, and then adding any Pollutant Addition data option 
concentrations. 

 As shown in Figure 1.22, each pollutant is listed and for each projected year, the projected 
effluent quality value is calculated and displayed by the software. The comparison of the 
projected effluent quality values to the regulatory requirements is addressed by 
“Requirements Met”. Here MPM™ displays either YES or NO as appropriate. Red font in 
the grid indicates for which pollutant in which year the requirements are not being met. The 
data shown in Figure 1.22 is the City’s projected effluent quality based on the selected data 
options that can be seen in the tree structure. 

If the requirements are not being met, the user has two choices, either to improve the 
estimated efficiency of the treatment process or add additional levels of treatment. The 
estimated performance of the treatment process can be improved through increasing the 
pollutant removal percentages on the Pollutant Reduction data option(s) (this is where 
multiple data options can help display the extent of the impact of pollutant removals on the 
projected effluent quality) or conversely decreasing pollutant addition concentrations on the 
Pollutant Addition data option(s). In order to add additional levels of treatment to get more 
pollutant reduction, the user can add new major components to the CIP on the Planned 
Projects and Costs data options.

February 2008 1-29 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 11\Ch01.doc 



20-Riverside2-08Volume11-F1.20-7472A00.CDR

FIGURE 1.20

POLLUTANT ADDITION

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

 



20-Riverside2-08Volume11-F1.21-7472A00.CDR

FIGURE 1.21

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

REGULATORY REQUIREMENTS

 



20-Riverside2-08Volume11-F1.22-7472A00.CDR

FIGURE 1.22

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

EFFLUENT QUALITY

 



 

If the user chooses to address the impacts of other additional pollutants, (for example, 
ibuprofen) they can add it to the Other Pollutant data options, provide a pollutant reduction 
percentage (for example, 65 percent) on the Pollutant Reduction data options, and provide 
an effluent quality requirement in the Regulatory Requirement data options (such as 20 
mg/L). By returning to the Effluent Quality calculation layer, they can determine if the 
effluent quality requirements are met, as shown in Figure 1.23. In this example, the 
projected effluent quality for ibuprofen, displayed in the right hand column of the grid is 14 
mg/L, and therefore the permit requirements are met. 

1.4.12 Project Schedule 

Once all of the appropriate projects have been created and selected on the selected 
Planned Projects and Costs data option, the Project Schedule calculation layer displays the 
overall list of projects, major components, added capacity, capacity unit, design length 
(years), construction length (years), year design starts, year construction starts, and year 
online as shown in Figure 1.24. The data that is displayed is the City’s project schedule for 
the selected data options. 

1.4.13 Costs 

The MPM™ divides costs into three different categories; Project Expansion Costs, Project 
Replacement/Improvement Costs, and Operations and Maintenance (O&M) Costs data 
options. There is a data option entitled S-Curve that contains a grid that assigns a 
percentage of the capital costs spent in each year, depending on the length of the project. 

1.4.13.1 Standard S-Curve 

The Standard S-Curve data option, as shown in Figure 1.25, lists the project duration in 
years and the percent by year. The grid indicates for a project of X years, the percentage of 
the total project cost that is spent in each year and is non-editable. MPM™ applies the 
S-Curve percentages to all the costs of the CIP projects listed on the selected Planned 
Projects and Costs data option in order to distribute costs over the appropriate years for the 
Project Expansion Costs and Project Replacement/Improvement Costs data options. 

1.4.13.2 Project Expansion Costs 

The Project Expansion Costs data option, as shown in Figure 1.26, displays the project 
name and associated major component, project duration, start date, year online, and total 
expansion costs for the selected Planned Projects and Costs data option. The City’s project 
expansion costs per year are displayed in Figure 1.26. Expansion costs refer to the costs 
associated with the portion of the project that is allocated to serve additional wastewater 
customers.  

MPM™ calculates the total expansion costs for each major component by multiplying the 
total project costs by the expansion cost percentages on the selected Planned Projects and
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Costs data option. The total expansion costs per major component are then multiplied by 
the appropriate percentages for the respective years from the Standard S-Curve data 
option, and MPM™ displays them for each projected year. Then the expansion costs per 
year are totaled at the bottom. MPM™ can escalate the costs by percentages the user 
enters. In the case of the City, escalation factors of 6 percent for the first 5 years and 
4 percent for the subsequent years were used.  

1.4.13.3 Project Replacement/Improvement Costs 

The Project Replacement/Improvement Costs data option, as shown in Figure 1.27, 
displays the project name and associated major component, project duration, start date, 
year online, and total replacement/improvement costs for the selected Planned Projects 
and Costs data option. The City’s project replacement/improvement costs per year are 
displayed in Figure 1.27. Replacement/improvement costs refer to the costs associated with 
the portion of the project that is used to serve existing wastewater customers.  

MPM™ calculates the total replacement/improvement costs for each major component by 
multiplying the total project costs by the replacement/improvement cost percentages on the 
selected Planned Projects and Costs data option. The total replacement/improvement costs 
per major component are then multiplied by the appropriate percentages for the respective 
years from the Standard S-Curve data option, and MPM™ displays them for each projected 
year. Then the overall amount of money spent on replacement/improvement per projected 
year is totaled at the bottom. Similarly to the Project Expansion Cost data option, MPM™ 
can escalate the costs by percentages the user enters. In the case of the City, escalation 
factors of 6 percent for the first five years and 4 percent for the subsequent years were 
used. 

1.4.13.4 O&M Costs 

The O&M Costs data option allows the user to enter in maintenance and operations costs 
for each major component (existing and planned), as well as labor and disposal costs, for 
each year in the planning period. As shown in Figure 1.28, the City’s projected O&M costs 
have been entered for the selected Planned Projects and Costs data option.  

MPM™ automatically updates each year so that if a new major component is planned to go 
online in a certain year, that major component will appear in the O&M grid in the right year, 
as well as the subsequent years. MPM™ displays the total O&M costs per projected year in 
the grid on the left. The costs can be escalated as well based on user-entered percentages 
or based on an ENR ratio. For the City, O&M costs are escalated at 3 percent a year.  

1.4.13.5 Costs 

The overall expansion, replacement/improvement, and O&M costs per projected year from 
their respective data options are displayed on the Costs calculation layer, and summed for
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overall total costs per projected year. The City’s total costs per year for the selected data 
options are shown in Figure 1.29. 

1.4.14 Scenario Summary 

The Scenario Summary is the scenario layer that is used to select different data options 
and see at the same time that capacity and effluent quality needs are met. The user can 
also navigate through MPM™ from the Scenario Summary scenario layer as shown on 
Figure 1.30.  

1.4.15 Graphs 

MPM™ has the ability to create a variety of graphs. The graphs can be created for any 
scenario and any data option. The user can print or export the graphs as well. In 
Figures 1.31, 1.32, 1.33, 1.34, and 1.35, Domestic Population, Projected Flows, Projected 
Loads, Project Schedule, and Costs based on the City’s data are shown, respectively. In 
Figures 1.36 and 1.37 graphs for Flow and TSS capacities for the City’s facilities are 
shown, respectively. MPM™ can also create capacity graphs for BOD, TN, and TP. These 
graphs can be useful for visually displaying the data, for reports, presentations, etc. 

1.4.16 Reports 

MPM™ can create reports for any layer within the tree structure - scenario, calculation, or 
data options, as shown in Figure 1.38. The reports can be printed or exported via either a 
PDF or a Comma-Separated Values file (text file). The reports are useful for doing 
additional analysis with the data, communicating with others, using in reports, etc. 

1.4.17 Help Menu 

MPM™ has a Help Menu for help understanding a function or how to perform a certain 
task. As shown in Figure 1.39, the user can navigate through the Help Menu based on their 
needs, and print as necessary. 

1.5 EXISTING DATABASE  
An existing database has been developed for the City. This database contains the City’s 
data that goes along with the rest of the Master Plan deliverables. To date, six scenarios 
have been created with one scenario per growth rate (0.75 percent, 1.09 percent, and 
1.5 percent) per disinfection option (additional chlorine contact basins or ozonation and 
UV). In addition, each of the six scenarios has an option to include the Levee project in the 
cost calculations. To include the Levee, a box needs to be checked and the CIP for that 
scenario is automatically updated. The default setting for each scenario is not to include the 
Levee project.  
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Chapter 2 

FINANCIAL PLANNING TOOL 

2.1 PURPOSE 
Over the planning period for the Integrated Master Plan the City of Riverside (City) will 
undertake major improvements to the Regional Water Quality Control Plant (RWQCP) and 
the collection system. The City last adjusted sewer rates in December 1992. Since that 
time, the City has implemented plant upgrades without adjusting sewer rates. The purpose 
of this chapter is to present the results of an assessment of the rates charged to the 
individual users to determine if they are adequate to address current and future Operations 
and Maintenance (O&M) and capital costs.  

The study includes assessment of both the City’s sewer user rates and connection fees. 
The sewer user rates and sewer connection fees are designed to distribute the cost of the 
operation and improvement of the RWQCP equitably among all users. 

2.2 CONCLUSIONS AND RECOMMENDATIONS 
It is recommended that the City implement the proposed rate and connection fee increases. 
The City will soon begin significant improvements to the RWQCP and the collection system. 
In order to issue new debt necessary to fund these improvements, the wastewater utility 
must comply with its current bond coverage requirements. The proposed increases set the 
minimum increases necessary to meet bond coverage needs based on the current financial 
projections. The proposed increases include a multi-year package of rates. Due to the 
unknown nature of these future expenditures, it is recommended that the City monitors 
bond coverage on an annual basis to ensure compliance with legal coverage obligations. 

The recommended user rates and connection fees are based on the deliberations and 
decisions of the City’s Public Works and Finance Department. These include: 

1. Capital Improvement Plan: 

Implement the Capital Improvement Plan (CIP) as listed in Volume 10, Chapter 1 - 
Capital Costs and Implementation Schedule. The recommended infrastructure and 
RWQCP rehabilitation and expansion programs are needed to maintain the existing 
infrastructure and to meet regulatory and growth requirements. 

2. Fiscal Policy: 
a. Maintain the two existing reserve funds: 

1) Operating Fund Balance - Maintain a minimum operating fund balance of 
15 percent of annual operating and maintenance expenses. 

2) Capital Fund Balance - Consisting of accumulated excess revenues that 
are not included in the operating fund. 
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b. Add a new Connection Fee Fund as a legal obligation to account for the interest 
earnings and expenditures of Connection Fees. 

c. Maintain conservative fiscal policies that include: 
1) 1.25x debt coverage. 
2) 10 percent reserve fund for bonds. 
3) Exclude connection fee revenue from the coverage calculation. 

3. Sewer Rates: 

In order to meet future annual debt coverage requirements and financial obligations 
for O&M, it is recommended that the City increase the annual sewer user rate from 
$13.05 to $19.77 per Equivalent Dwelling Unit (EDU) in FY 2008/09. It is also 
recommended that the City implement annual increases of between 5.5 and 
17 percent in the subsequent 4 years. This projection should be revisited on a 
periodic basis, as the City updates its operational and capital projections.  

4. Connection Fees: 
a. Implement the recommended methodology of calculating connection fees for 

commercial and industrial customers on an EDU basis and flow and load basis, 
respectively. 

b. Increase the Residential Connection Fees from $2,684 to $3,472 per EDU. In 
subsequent years, it is recommended that the Connection Fees be increased 
based on construction cost inflation. 

c. Recover commercial connection fees based on flows and loadings assumptions 
used as the basis for developing the City’s wastewater rates. The proposed 
approach will more accurately account for the potential demand that future 
customers place on the system than under the current fee calculation.  

d. Connection fees for industrial users should reflect the actual permitted flow and 
loadings for the functional allocation parameters: 
1) Flow. 
2) Biochemical Oxygen Demand. 
3) Total Suspended Solids. 
4) Nitrogen. 
5) Oil and Grease. 

The project calculations are presented in Appendix A of this report. A detailed list of 
projected user rates and connection fees are presented in Appendix B. 

2.3 BACKGROUND 
The City is responsible for regional wastewater collection, treatment, and disposal. In 1978, 
the RWQCP began operation as a regional facility. Subsequent projects added capacity 
and upgraded the existing primary, secondary, tertiary, and solids handling facilities to 
provide 40 mgd of capacity at the RWQCP on an annual average basis. In the same time 
period, the RWQCP has been modified to allow the plant to meet more stringent discharge 
limits.  
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The City provides service to approximately 160,500 EDUs within the City as well as from 
Jurupa, Rubiduox, and Edgemont Community Services Districts (CSDs). The average 
amount of wastewater treated is approximately 33.5 mgd on an annual average basis. 
Additionally, the City will begin treating wastewater from the community of Highgrove in 
2008. 

The projected annual average flow at the RWQCP is expected to be 49.4 mgd in 
FY 2024/25. This flow projection is described in more detail in Volume 2, Chapter 3 - 
Population and Flow Projections. This amounts to an additional 12 mgd of flow on an 
annual average basis.  

2.4 SCOPE OF WORK 
The scope of financial planning for this chapter includes the following: 

• A revenue requirement analysis. 

• Evaluation of the City’s sewer user rates. 

• Evaluation of the City’s sewer connection fees. 

This financial study uses the FY 2007/08 staff-developed operating and maintenance 
budget as the basis for future O&M expenditures. The financial study includes the 
development of user rates designed to distribute the cost of operation and improvements of 
the RWQCP and sewer collection system proportionally to all of the users based on 
wastewater flow and strength characteristics. 

The costs and use of the customers outside the City, known as the Community Services 
Districts (CSDs); Rubiduox, Edgemont, Jurupa, and Highgrove, were also evaluated. Costs 
to users outside the City are addressed in the service agreements with each specific 
community. 

2.5 ASSUMPTIONS AND DATA 

2.5.1 Flow and Growth Assumptions 

According to Volume 2, Chapter 3 - Population and Flow Projections, the population of the 
City's service area is projected to grow at 0.6 percent per year from 2006, resulting in a 
projected population of 353,397 by the year 2025. The average flow rate at the treatment 
plant is projected to increase to 49.4 million gallons a day by 2025. Applying a 90 percent 
confidence interval for the flow projection, leads to a projected flow of 47.3 mgd on an 
annual average basis for the low growth scenario and a flow of 52.2 mgd for the 
high-growth scenario. As is stated on the Volume 2, Chapter 3 - Population and Flow 
Projections, the Master Plan facilities are sized for a flow of 52.2 mgd. However, the cash 
flow and timing of the facilities is based on the low-growth scenario of 47.3 mgd for the 
Capital Improvement Plan, User Rates, and Connection Fees. 
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Table 2.1 presents the historic population for the City. In addition, the City projects that the 
population will be 353,397 in the year 2025. A linear increase is applied to the projected 
population for the years between 2006 and 2025. These values are presented in Table 2.2. 
Based on the assumption that the future flow per capita will be the same as the historic 
average of 96.6 gallons per day per capita, the projected flows for Riverside are calculated, 
as shown in Table 2.2. Table 2.2 also includes flow projections for the CSDs and 
Highgrove. These values were provided by the City. 

Table 2.1 Historical and Projected Population(1) 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Fiscal Years 2000-2001 Through 2006-2007 

Fiscal Year Historical Population 

2000-2001 259,738 

2001-2002 262,264 

2002-2003 270,944 

2003-2004 277,459 

2004-2005 281,775 

2005-2006 287,321 

2006-2007 287,820 

Notes: 
(1) Source: City of Riverside. 

 

Table 2.2 Projected Population and Average Daily Flows for RRWQCP (mgd) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Flow (mgd) 
Flow Source 2006 2010 2015 2020 2025 

Population(1) 287,820 301,626 318,883 336,140 353,397 

City of Riverside Flows(1) 27.4 29.2 30.8 32.5 34.1 

Community Service District Flows      

Jurupa 3.5 4.2 5.1 6.0 6.9 

Rubidoux 2.1 2.3 2.5 2.8 3.1 

Edgemont 0.6 0.6 0.7 0.8 0.9 
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Table 2.2 Projected Population and Average Daily Flows for RRWQCP (mgd) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Flow (mgd) 
Flow Source 2006 2010 2015 2020 2025 

Highgrove 0 1.6 3.0 3.7 4.4 

Total City Flows 33.5 37.8 42.2 45.8 49.4 

Notes: 
(1) Source: Volume 2, Chapter 3 - Population and Flow Projections. 

2.5.1.1 Equivalent Dwelling Units 

The number of customers or connections to a sewer system is often expressed in EDUs. 
An EDU is a measurement of the demand on sewer and treatment facilities in terms of flow 
and strength that is equivalent to that produced by a single-family home. Biochemical 
Oxygen Demand (BOD), Total Suspended Solids (TSS), Nitrogen (Nit), and O/G (Oil and 
Grease) are the measured wastewater parameters that determine influent strengths. Both 
residential and commercial monthly user rates, as well as connection fees are based on 
EDUs. 

The number of existing EDUs is calculated by taking the total existing RWQCP influent flow 
and loading values, and dividing them by the flow and loading values of a single-family 
home, which are 220 gallons per day for flow, 227.5 mg/l for BOD, 259 mg/l for TSS, 
31 mg/l for Nitrogen (as ammonia), and 63 mg/l for O/G. The number of future EDUs is 
calculated using the same method based on an estimated future additional flow of 12 mgd. 
Table 2.3 shows the number of existing and future EDUs. 

Table 2.3 Existing and Future EDUs 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

 EDU 

Existing Riverside EDUs 124,545 

Existing CSD EDUs 28,182 

Future Riverside and CSD EDUs 53,382 

Total EDUs by 2025 215,311 

2.5.2 Approach to User Rate Analysis 

For the purposes of this study, new FY 2008/09 rates were developed based on 
cost-of-service rate principals in accordance with Proposition 218. The proposed rates 
allocate costs based on contributed flow, BOD, TSS, Nit, and O/G. In years beginning in 
FY 2009/10, rates are increased evenly for all customer classes based on the revenue 
requirement analysis. This approach will be discussed further throughout the report.  
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Single-family and multi-family residential, and basic commercial users are billed a flat sewer 
user rate based on Resolution No. 18155. The single-family residential (SFR) sewer user 
rate is based on typical flow and loadings for an average 3-bedroom home. Non-residential 
users are billed on square footage and estimated flows and loadings. Based on its sampling 
program, the City maintains a list of average flow and wastewater strength discharges for 
each user rate category, which is used to develop the user rates. The average flow and 
loading data for other customer categories are used to calculate the user rates for these 
respective categories as well. Large industrial or individual users discharging 
25,000 gallons or more per day, known as “Special Billing Users,” pay individually 
calculated user rates, based on measured sewer flows and strengths. These charges are 
outlined in City of Riverside Resolution No. 18155, Section 1 (b) and Section 2 (b).  

The City currently has 48 different residential and commercial user codes. Some areas of 
the City have sewer lines that must flow to pumping facilities to pump the waste uphill to a 
gravity feed line. The gravity lines carry the waste downhill to the RWQCP. The pumping 
process requires additional equipment, maintenance and power. A surcharge is added to 
the sewer services in these areas.  

2.5.3 Connection Fee Categories 

A Connection Fee is a one-time charge imposed when a building or structure is newly 
connected to the City’s system, or when an existing structure or category of use is 
expanded or increased. The current charge is $2,684 per EDU, calculated based on the 
flow and sewer loadings for an average 3-bedroom home. Commercial and industrial 
connection fees are currently charged based on the square feet of space occupied. The 
current charge is $700 for the first 3,000 square feet and $700 for each additional 
3,000 square feet thereafter. It is recommended that the City begin charging commercial 
and industrial customers based on assumed EDUs for commercial categories, and based 
on flow and load for industries. Adjustments to the charge are delineated in Section 5.0.  

2.5.4 Capital Improvement Program 

The CIP has been developed to meet anticipated regulatory requirements, increased 
population, additional treatment requirements, energy, other resource-savings 
considerations and air quality protection needs. The anticipated projects that are listed in 
the CIP, Volume 10, Chapter 1 - Capital Costs and Implementation Schedule.  

As included in this financial analysis and shown in the appendix of this report, the CIP totals 
approximately $683 million between FY 2007/08 and FY 2024/25. Of this total, $186 million 
($137 million in August 2006 dollars) will be undertaken to provide capacity for projected 
growth, while $498 million will be undertaken for replacement/rehabilitation and treatment 
upgrades. The total CIP expenditures over the next 5 years are projected to total $346 
million; an annual average of $69 million.  
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2.5.5 Functional Allocation 

Once projected annual expenditures have been determined, it is necessary to allocate 
these costs to billable constituents. Billable constituents are parameters that can be 
measured both at the treatment facilities and for each user, and include flow and strength 
(BOD, TSS, Nit, and O/G). For example, sewer flow is monitored at the treatment plant and 
can be estimated for an individual user. The process of assigning costs to billable 
constituents is developed by first allocating the physical system to the billable constituents 
on a unit cost basis. For example, the headworks is primarily sized based on maximum day 
flows. Consequently, the headworks is allocated 100 percent to sewer flow. Following the 
allocation of the physical system, operating and maintenance costs are allocated. O&M 
costs attributed to a particular unit process, such as the headworks, are assigned directly to 
the same billable constituent breakdown. An example of these allocations is shown later in 
this report chapter. 

The allocation of capital expenditures by unit process is illustrated in Table 2.4. 

Table 2.4 Capital Cost Allocation to Billable Constituents 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Treatment Process Allocation Percentages (%) 
 Flow BOD TSS 
Preliminary Treatment 100%   
Primary Clarifiers 80%  20% 
Sludge Thickening  100%  
MBR Facility 100%   
Digestion  45% 55% 
Pipe and Sewer Lines 100%   

The allocation of O&M expenditures by unit process is illustrated in Table 2.5. 

Table 2.5 Operation and Maintenance Cost Allocation to Billable Constituents 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Allocation Percentages (%) 
Treatment Process Pumping Flow BOD TSS Nit O/G 

Administration(1) 3% 52% 25% 15% 3% 2% 
Collection System Maintenance 5% 95%     
Treatment  44% 33% 17% 5% 2% 
Environmental Compliance(1) 3% 52% 25% 15% 3% 2% 
Sewer System Plant Maintenance(1) 3% 52% 25% 15% 3% 2% 
Laboratory Services(1) 3% 52% 25% 15% 3% 2% 
Debt Service(1) 3% 52% 25% 15% 3% 2% 
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Table 2.5 Operation and Maintenance Cost Allocation to Billable Constituents 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Allocation Percentages (%) 
Treatment Process Pumping Flow BOD TSS Nit O/G 

Cogeneration and Landfill   45% 50%  5% 
Capital Project Service(1) 3% 52% 25% 15% 3% 2% 
Notes: 
(1) Percentage based on weighted average for all other allocated costs. 

2.5.6 Operations and Maintenance Expenditures 

The revenue requirement analysis uses the City’s FY 2007/08 budgets as the basis for 
forecasting future revenue needs. Expenditures are assumed to increase commensurate 
with cost inflation and projected cost increases associated with increases in wastewater 
flows due to growth and higher treatment standards.  

Revenues and expenses are projected for future fiscal years using the following annual 
escalation factors: 

• General Cost Inflation: 3 percent. 

• Capital Cost Inflation: 6 percent for the first 5 years, 4 percent thereafter. 

• Customer Demand Growth: 0.6 percent. 

• Fund Earnings: 4 percent. 

• Labor Cost Inflation: 3 percent. 

• Insurance Inflation: 5 percent. 

2.5.7 Existing Financial Information 

The background financial information supplied by the City included: existing debt service 
and future payments, current capital and operating fund balance, utility tax percentage, 
operating fund reserve requirement, and other miscellaneous financial information.  

2.6 REVENUE REQUIREMENT ANALYSIS 

2.6.1 Introduction 

The revenue requirement analysis determines the amount of rate revenue needed in a 
given year to meet a utility’s expected financial obligations. At least two separate tests must 
be met in order for rates to be sufficient: 

1. Cash Flow Test: 

A utility must generate annual utility revenues adequate to meet general cash needs. 
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2. Bond Coverage Test: 

Annual rate revenues must satisfy debt coverage obligations. 

The cash flow test identifies projected cash requirements in each given year. Cash 
requirements include operations and maintenance expenses, debt service payments, 
replacement funding, additions to fund balances, and rate funded capital expenditures. 
These expenses are compared to total annual projected revenues. Revenues that are 
available to meet this requirement include user rate revenue, interest earnings, non-
operating revenues and miscellaneous revenues. Shortfalls are then used to estimate 
needed rate increases. 

The bond coverage test measures the ability of a utility to meet both legal and policy-driven 
revenue obligations. The City is required to collect sufficient funds through user rates to 
meet all ongoing operational and maintenance expenses, as well as 1.25 times the annual 
debt service requirements due in a year.  

Revenues must be sufficient to satisfy both tests. If revenues are found to be deficient 
through one or both of the tests, then the greater deficiency (shortfall) drives the rate 
increase. 

2.6.2 Capital Funding Sources 

The City projects $683 million in future RWQCP treatment improvements and future 
collection system capital improvements. The City expects to fund these improvements 
through a combination of sewer revenues, capital reserve funds, and revenue bonds. The 
City expects to issue approximately $440 million in revenue bonds over the study period. 
Operating and maintenance expenses can be funded by sewer revenues and operating 
reserve funds, but not by revenue bonds or connection fees.  

2.6.2.1 Current Revenues 
User Rates - User rates can be increased to accumulate reserves to cash fund capital 
projects. The City established a Capital Fund to finance annual increments of the capital 
improvement program.  

For this analysis, we have used a “rate smoothing” strategy for meeting future rate 
requirements. Projected rate increases in FY 2009/10 and beyond are designed to both 
flatten annual rate increases and allow for the accumulation of reserve funds. The 
accumulation of reserves is minimal, but can help reduce long-term costs to the customers 
by reducing the City’s debt requirements and help achieve the best possible bond rating. 

Connection Fees - are a one-time charge imposed on new development requiring 
wastewater service or existing users that increase demand on the system. These fees 
recover an equitable share of growth-related costs. Connection Fees can only be used to 
fund capital projects, not operating and maintenance expenses. 
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2.6.2.2 New Debt 

The City can issue Revenue Bonds to fund capital-related projects. It is assumed that the 
City will continue to issue new debt throughout the study period. To issue new debt, the 
utility is legally required to maintain a 1.25 times coverage ratio on the annual debt service. 
This means that rates must cover annual cash operating expenses plus 125 percent of the 
maximum annual debt service payments. This coverage requirement is delineated within 
The Sewer Refunding Revenue Bonds, Series 1993, dated February 1, 1993. Revenue 
Bonds can only be used to fund capital projects, not operating and maintenance expenses. 

Table 2.6 below describes the City's existing outstanding debt service balance as of 
July 1, 2007. 

Table 2.6 Outstanding Certificates of Participation Debt as of FY 2008/09 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

 
Outstanding 

Debt Principal Maturity Year 

SRF Loan - Headworks Project $4,735,503 FY 2018/19 

SRF Loan - Cogeneration Project $3,833,656 FY 2020/21 

Sewer Refunding Revenue Bond $21,350,000 FY 2012/13 

Pension Obligation Bonds (POB) $3,389,137 FY 2024/25 

Total Long-Term Debt $33,308,296  

Source: 
Finance Department of The City of Riverside. 

2.6.2.3 Reserve Funds 

The City currently maintains two categories for its reserve fund balances. The following 
table delineates the projected reserve fund balances for FY 2007/08. 

Table 2.7 FY 2007/08 Reserve Fund Balances (Millions of Dollars) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Operating Fund Balance $11.5 

Capital Fund Balance $43.9 

Total $55.4 

Source: 
FY 2007/08 projected beginning fund balances provided by the City of Riverside. Operating 
fund is based on minimum cash flow needs. All other fund balances are assumed to be 
available to fund capital projects.  

• The Operating Reserve Fund was established to fund operation, maintenance, and 
revenue bonds debt service expenses for the first half of the fiscal year.  
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• The Capital Reserve Fund was established to fund annual increments of the capital 
improvement program, as well as asset replacement and rehabilitation.  

The Minimum Operating Fund Reserve Requirement is established as 15 percent of annual 
operations and maintenance expense while the Maximum Operating Fund Reserve 
Requirement is not more than 20 percent of annual operations and maintenance expense. 
Any funds exceeding the maximum operating fund reserve requirement will be transferred 
to the Capital Fund in the following year. 

In addition to these two reserve funds, it is recommended that the City establish one 
additional fund as follows: 

• The Connection Fee Fund as a legal obligation to account for the interest earnings 
and expenditures of Connection Fees. This fund will help the City track Connection 
Fee revenues and expenditures as required under California Government 
Code 66000.  

2.6.3 Results 

The results of the revenue requirements are summarized in Table 2.8. Annual rate 
increases are shown expressed on a percentage basis. 

With the exception of FY 2008/09, rate increases have been levelized (smoothed), to allow 
for gradual increase, eliminating significant rate spikes. Rate levelization provides two 
significant benefits. First, increasing rates over a multi-year period can help reduce rate 
shock to a utility’s customers and allow them to better plan for projected increases. Second, 
by increasing rates over time in anticipation of large capital expenditures, the City will 
temporarily generate excess cash reserves, which can be used to cash fund a greater 
portion of the CIP, thus reducing the magnitude and costs of borrowing. Further, 
bond-rating agencies (Moody’s, Fitch ICBA, and Standard and Poor’s) have placed 
increasingly greater weight on good business practices when assigning credit ratings. 
These business practices include, among other criteria, balancing cash and debt financing, 
as well as the implementation of proactive rate increases, which demonstrate a 
municipality’s commitment to fiscal prudence, as well as to generate the revenues 
necessary to meet its stated and required level-of-service and environmental objectives. 

2.7 RATE STRUCTURE ANALYSIS 

2.7.1 Introduction 

User rates are developed to equitably allocate costs to system users to operate, service 
debt, and perform repairs and replacements for wastewater collection and treatment  
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Table 2.8 Revenue Requirements 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
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City of Riverside 
 FY2008 FY2009 FY2010 FY2011 FY2012 
Revenues 2009 2010 2011 2012 2013 
 User Charges $19,997,152 $29,608,604 $34,264,475 $40,340,494 $46,477,327 
 Interest Earnings 185,592 341,355 447,734 852,883 1,263,329 
 Miscellaneous Revenues 661,468 681,312 701,751 722,804 744,488 
 Connection Fee Revenues - - - - - 

Total Revenues $20,844,212 $30,631,271 $35,413,960 $41,916,181 $48,485,144 
Expenditures      
Ongoing Operating Expenses      
 Operating Expenses 26,261,421 28,053,924 29,751,273 31,377,205 32,997,711 
Other Operating Expenses      
 Debt Service 7,605,640 8,922,305 14,967,569 20,972,326 25,512,912 
 Rate Funded Capital - - - - - 
 Replacement Funding  - - - - - 

Total Expenditures $33,867,062 $36,976,229 $44,718,842 $52,349,531 $58,510,624 
Revenues to Meet Minimum Operating Fund - - - - - 
Operating Revenues Surplus (Deficiency(1) $(8,558,490) $731,865 $581,916 $456,527 $3,226,616 
Bond Coverage Surplus (Deficiency)(1) $(10,825,314) $(2,641,311) $(6,792,374) $(6,771,959) $(3,048,783) 
Maximum (Deficiency)(1) $(10,825,314) $(2,641,311) $(6,792,374) $(6,771,959) $(3,048,783) 
Utility Tax Added $(703,645) $(171,685) $(441,504) $(440,177) $(198,171) 

Projected Rate Increase  15.00% 17.00% 14.50% 5.50% 
Notes: 
(1) Surplus (deficiency) before rate increase. 

 

 



 

systems. The overall approach begins by developing unit costs for each billable constituent: 
flow, BOD, TSS, Nit, and O/G. Costs are then allocated to customer classes. The overall 
procedure used to develop the user rates is as follows: 

• Revenue Needs: 
Define the annual revenue that must be recovered from user rates and permit users. 

• Functional Allocation: 
Determine the percentage allocation of O&M and capital costs to the billable 
constituents: flow, BOD, TSS, Nit, and O/G. 

• Unit Costs: 
Develop unit costs for each billable constituent by dividing the total cost allocated to 
that constituent by the total wastewater flow or loadings of that constituent. 

• Customer Category Rates: 
Assign cost to customer classes based on usage, then develop rates for each 
customer category. 

Community Services Districts revenues are assumed to reduce the City’s overall revenue 
requirements collected through inside City user rates.  

Residential and Commercial Customers. The user rates for commercial categories are 
based on its respective flow and loading strength. The estimated flow and loading levels are 
based on the City’s sampling program. 

Industrial Customers. The City charges industrial user rates to customers discharging high-
strength or high-volume wastes into the sewer system. Customers subject to industrial 
sewer service charges are billed directly by the City. The fee charged to each customer is 
based on the customer's flow, and the concentration of BOD, TSS, Nit, and O/G. 

2.7.2 Revenue Needs 
The revenue needs are defined as the amount of revenues that must be recovered through 
user rates and industrial user charges in order to cover annual expenditures less any 
offsetting revenues. Offsetting revenues and other rate adjustments can include interest 
earnings, CSD payments, over or under collection of rates, coverage driven increase 
adjustments, and other non-operating revenues.  

Expenditures and offsetting revenues for FY 2008/09 are as follows:  

Table 2.9 Expenditures and Off-Setting Revenues 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

FY 2008 
Expenditures 2009 

Ongoing Operating Expenses 
Operating Expenses $26,261,421 
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Table 2.9 Expenditures and Off-Setting Revenues 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

FY 2008 
Expenditures 2009 

 Other Operating Expenses 
Debt Service $7,605,640 
Rate Funded Capital Improvements - 
Replacement Funding - 
Additions to Fund Balances - 
Utility Taxes $703,645 

 Less Off-Setting Revenues 
Over/Under Collection of Rates - 
Coverage Driven Rate Increase $2,266,823 
CSD Revenues $(6,568,458) 
Interest Earnings $(354,485) 
Misc. Revenue $(681,312) 
Connection Fees Revenue - 

$29,233,276 Total Revenue Needs

In FY 2008/09, $29.2 million must be recovered through user rates to cover the City’s 
annual expenditures. 

2.7.3 Functional Allocation 

To develop user rates, unit rates per unit of flow, BOD, TSS, Nit, and O/G are applied to 
standard flow and loading factors developed for most customer categories.  

Table 2.10 presents a summary of the allocation percentage basis: 

Table 2.10 Allocation Percentage Basis 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description Pumping Flow BOD TSS Nit O/G 
Treatment Expenditures  44% 33% 17% 5% 2% 
Collection System Maintenance 5% 95%     
CoGen/Landfill   45% 50%  5% 
Non-Assignable Costs 3% 52% 25% 15% 3% 2% 

Table 2.11 illustrates how expenditures and offsetting revenues are allocated to flow, BOD, 
TSS, Nit, and O/G based on the allocation percentage listed above. 
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Table 2.11 Functional Allocation of Costs 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Functional Allocation 
Expenditures Pumping Flow BOD TSS Nit O/G  

Ongoing Operating Expenses         

Operating Expenses  3% 52% 25% 15% 3% 2% As Non-Assignable Expenditures 

Other Operating Expenses         

Debt Service  3% 52% 25% 15% 3% 2% As Non-Assignable Expenditures 

Rate Funded Capital   3% 52% 25% 15% 3% 2% As Non-Assignable Expenditures 

Replacement Funding  0% 44% 33% 17% 5% 2% As Treatment Expenditures 

Additions to Fund Balances  3% 52% 25% 15% 3% 2% As Non-Assignable Expenditures 

Utility Taxes  3% 52% 25% 15% 3% 2% As Non-Assignable Expenditures 

Less Off-Setting Revenues         

Over/Under Collection of Rates  3% 52% 25% 15% 3% 2% As Non-Assignable Expenditures 

Coverage Driven Rate Increase  3% 52% 25% 15% 3% 2% As Non-Assignable Expenditures 

CSD Revenues  3% 52% 25% 15% 3% 2%  

Interest Earnings  3% 52% 25% 15% 3% 2% As Non-Assignable Expenditures 

Misc. Revenue  3% 52% 25% 15% 3% 2% As Non-Assignable Expenditures 

Connection Fees Revenue   55% 37% 7%   As Non-Assignable Expenditures 

Total Revenue Needs        

 

 



 

The resulting overall percentage allocation is shown in Figure 2.1. 

Table 2.12 shows the total cost allocated to each billable constituent using the resulting 
overall percentage allocation in the pie chart. 

Table 2.12 Total Cost Allocation 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

Description Pumping Flow BOD TSS Nit O/G 

Total Cost 
Allocation 

$975,913 $15,272,365 $7,256,865 $4,280,449 $992,969 $454,714

2.7.4 Customer Category User Rates 

Single-family and multi-family residential, and basic commercial users are billed a flat 
monthly user rate. Non-residential users are billed a user rate per hundred cubic feet of 
water use per month.  

Table 2.13 lists the customer categories that are charged a flat monthly user rate: 

Table 2.13 Customer Categories with a Flat Monthly User Rate 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

Residential Sewer Rates 
Residence on Septic System 

Basic Multi-Family Dwelling Unit 

Basic Single Family Dwelling Unit 

Basic Single Family Dwelling - Pumping 

Basic Multi-Family Dwelling Units - Pumping 

Commercial Sewer Rates 
Basic Commercial  

Basic Commercial - Pumping  

Table 2.14 lists the customer categories that are charged a rate per unit of CCF: 

Table 2.14 Customer Categories with a Rate per Unit CCF Charge 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

Commercial Rate Structure - Non-Pumping (per CCF) 
Department and Retail Stores 

Hotels and Motels 

Laundromats 
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Table 2.14 Customer Categories with a Rate per Unit CCF Charge 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

Laundries 

Markets 

Mortuaries 

Professional Offices 

Repair Shops and Service Stations 

Restaurants 

Other Commercial 

Hospitals 

Churches and Halls 

Schools "B" 

Other Commercial "A" 

Other Commercial "B" 

Commercial Rate Structure - Pumping (per CCF) 
Department and Retail Stores 

Hotels and Motels 

Laundromats 

Laundries 

Markets 

Mortuaries 

Professional Offices 

Repair Shops and Service Stations 

Restaurants 

Other Commercial 

Hospitals 

Churches and Halls 

Schools "B" 

Other Commercial "A" 

Other Commercial "B" 
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2.7.5 Unit Cost Calculation 

2.7.5.1 Residential and Commercial User Flat Monthly Rate Calculation 

Residential and commercial user rates are calculated based on flow and strength (BOD, 
TSS, Nit, O/G) assumptions developed through the City’s sampling program. To develop 
user rates, unit rates per unit of flow, BOD, TSS, Nit, and O/G are applied to the flow and 
loading assumptions.  

1. EDU Defined Equivalents Calculation. 

The number of existing users was determined using flow and loading data. The number of 
EDUs was determined by taking the total flow and loading data and dividing by the 
Single-Family Residential average flow and loading data. The projected number of 
customers served in the City of Riverside for the FY 2008/09, identified in EDUs, is 
126,145. 

The number of EDUs from the CSDs was also determined using the same method. The 
projected number of customers in the CSDs for the FY 2008/09, identified in EDUs, is 
32,727. The total number of EDUs from the City and the CSDs is 158,873.  

Table 2.15 presents the per-EDU flow and load information. 

Table 2.15 Average Flow and Load Information per EDU 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description 
Flow 
(gpd) 

BOD 
(mg/l) 

TSS 
(mg/l) 

Nit  
(mg/l) O/G (mg/l)

City of Riverside  220 227.5 259 31 63 

Source: 
August 2001 Revenue Plan Report. 

2. Total Annual Flow and Loading. 

Based on the annual flows and loadings from the City of Riverside, the totals are as follows: 

Table 2.16 Total Annual Flow and Loads 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Description 
Flow 
(CCF) 

BOD Load 
(lbs) 

TSS Load 
(lbs) 

Nit Load 
(lbs) 

O/G Load 
(lbs) 

Customer Information 
Total Annual Flow and Loads 

12,640,077 19,606,504 18,902,948 2,381,362 5,867,960
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3. Unit Cost Calculation. 

The unit costs were calculated by taking the cost allocations for flow, BOD, TSS, Nit, and 
O/G and dividing them by the total annual flow and loads. Table 2.17 presents the unit cost 
per flow, BOD, TSS, Nit, and O/G. 

Table 2.17 Unit Cost Calculation 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Pumping Flow BOD TSS Nit O/G 
Cost Allocation $975,913 $15,272,365 $7,256,865 $4,280,449 $992,969 $454,714 
÷ Total Flow 

(CCF) 
Total Flow 

(CCF) 
Total BOD 

(lbs) 
Total TSS 

(lbs) 
Total Nit 

(lbs) 
Total O/G 

(lbs) 
Total Annual 
Flow and Loads 

2,855,724 12,640,077 19,606,504 18,902,948 2,381,362 5,867,960

= $/CCF $/CCF $/lbs BOD $/lbs TSS $/lbs Nit $/lbs O/G 
Unit Costs $0.34 $1.21 $0.37 $0.23 $0.42 $0.08 

Lower elevation areas within the City require lift stations to pump sewage up to the grade of 
the treatment plant. To account for this additional cost, some customers are charged a 
pumping rate. To calculate the additional pumping charge, the total operating and 
maintenance cost related to pumping was divided among the lower elevation customers. 
This rate is then added to the rate per unit of regular flow to get the unit cost for customers 
who require pumping services. 

Table 2.18 shows the unit costs for non-pumping and pumping customer categories: 

Table 2.18 Unit Costs for Non-Pumping and Pumping Customer Categories 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Flow BOD TSS Nit O/G 
Unit Costs for Non-Pumping 
Customer Categories 

$1.21 $0.37 $0.23 $0.42 $0.08 

Unit Costs for Pumping Customer 
Categories 

$1.55 $0.37 $0.23 $0.42 $0.08 

4. Example of Flat Monthly User Rate Calculation. 

Single-Family Residential Customer (Non-Pumping)  

The first step in calculating the monthly user rates is to calculate the monthly units for each 
flow, BOD, TSS, Nit, and O/G. This is obtained by taking the total monthly flow in hundred 
cubic feet and loading in pounds from the single-family residential category and dividing it 
by the total number of single-family residential accounts. 
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Table 2.19 shows the resulting monthly units of flow, BOD, TSS, Nit, and O/G for the 
single-family residential (non-pumping) category: 

Table 2.19 Monthly Charge per Single-Family Residential 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 
Flow 
(ccf) 

BOD 
(lbs) 

TSS 
(lbs) 

Nit 
(lbs) 

O/G 
(lbs) 

Monthly SFR Units of Flows and Loads 8.95 12.70 14.45 1.72 3.52 

The monthly charge per category is then calculated by multiplying the monthly units of flow, 
BOD, TSS, Nit, and O/G from Table 2.19 with its respective unit costs from Table 2.18. The 
resulting monthly charge for the single-family residential (non-pumping) category is 
presented in Table 2.20.  

Table 2.20 Monthly Charge per Single-Family Residential Customer (Non-Pumping)
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Flow BOD TSS Nit O/G 

Equivalent Dwelling Unit CCF/Month BOD (lbs) TSS (lbs) Nit (lbs) O/G (lbs)

Monthly SFR Units of Flows and Loads 8.95 12.70 14.45 1.72 3.52 

X $/CCF $/lbs $/lbs $/lbs $/lbs 

Unit Costs for Non-Pumping Customer 
Categories 

$1.21 $0.37 $0.23 $0.42 $0.08 

=      

Monthly Rate per SFR $10.81 $4.70 $3.27 $0.72 $0.27 

Total Monthly Rate $19.77 

The monthly flat rate for a single-family residential customer (non-pumping) is $19.77. 

Basic Commercial Customer (pumping) 

The same procedure is repeated for the Basic Commercial Customer. Table 2.21 shows the 
monthly units for that category, and the resulting flat monthly charge.  

Table 2.21 Monthly Rate per Basic Commercial Customer (Pumping) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Basic Commercial Customer 
(Pumping) Flow BOD TSS Nit O/G 

 CCF/Month BOD (lbs) TSS (lbs) Nit (lbs) O/G (lbs)
Monthly Units of  
Flows and Loads 

8.95 12.70 14.45 1.40 4.74 
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Table 2.21 Monthly Rate per Basic Commercial Customer (Pumping) 

City of Riverside 
Wastewater Collection and Treatment Facilities Integrated Master Plan 

Basic Commercial Customer 
(Pumping) Flow BOD TSS Nit O/G 

X $/CCF $/lbsBOD $/lbsTSS $/lbsNit $/lbsO/G
Unit Costs for Pumping Customer 
Categories 

$1.55 $0.37 $0.23 $0.42 $0.08 

=      
Monthly Rate per Basic 
Commercial Customer 

$13.87 $4.70 $3.27 $0.58 $0.37 

Total Monthly Rate $22.79 

The monthly flat rate for a basic commercial customer is $22.79. 

2.7.5.2 Non-Residential User Rate Per Unit Calculation 

The SFR user rate is based on typical flow and loadings for an average 3-bedroom home. 
Other user categories have their own typical flow and loading assumptions on a per 
1,000 square foot basis. The rate calculation for non-residential customers is similar to 
residential rate calculations. The calculation is shown below in Table 2.22 for a Department 
and Retail Store.  

The first step in calculating the rate per unit is to calibrate the flow and loadings such that 
the resulting quantities are based on one unit of flow in hundred cubic feet (CCF) or 
748 gallons. For example, if the BOD concentration of a Department and Retail Store is 
150 mg/L and the flow assumption is 748 gallons, the conversion will result in an average 
amount of 0.94 pounds of BOD in this customer category per unit flow. The same 
conversion applies to TSS, Nit, and O/G. These pounds per flow will then be multiplied by 
the unit costs to obtain the rate per unit flow.  

1. Example of a rate per unit CCF calculation for a Department and Retail Store 
(non-pumping). 

Table 2.22 Rate per Unit Flow for a Department and Retail Store (Non-Pumping) 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Department and Retail 
Stores (Non-Pumping) Flow BOD TSS Nit O/G 

Billing unit (CCF) and load 
(mg/L) 

1 150 140 25 85 

= CCF/Month BOD (lbs) TSS (lbs) Nit (lbs) O/G (lbs) 

Quantity per unit CCF 748 0.94 0.87 0.16 0.53 

X $/CCF $/lbsBOD $/lbsTSS $/lbsNit $/lbsO/G 
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Table 2.22 Rate per Unit Flow for a Department and Retail Store (Non-Pumping) 

City of Riverside 
Wastewater Collection and Treatment Facilities Integrated Master Plan 

Department and Retail 
Stores (Non-Pumping) Flow BOD TSS Nit O/G 

Unit Costs for Non-Pumping 
Customer Categories 

$1.21 $0.37 $0.23 $0.42 $0.08 

=      

Rate per Unit CCF $1.21 $0.35 $0.20 $0.07 $0.04 

Total Rate per Unit CCF $1.86 

The monthly unit rate shown in Table 2.22 is calculated based on the return flows to the 
sewer system. These return factors were developed through a sampling program 
conducted by the City. The rate, as shown above, is based on returned sewage. However, 
the City collects commercial wastewater rates based on actual water usage. Consequently, 
the unit rate is adjusted to account for water usage as follows: 

Returned Sewer Rate X Total Returned Sewage/Total Water Consumption. 

$1.86 per CCF sewer flow X 110,578 CCF sewer flow/145,498 CCF water consumption = 
$1.41 per CCF water consumption. 

The rate per unit CCF of water consumption for a Department and Retail Store customer is 
$1.41. 

2. Example of a rate per unit CCF calculation for an industrial customer. 

The City’s industrial users, also known as special billing customers, are charged individually 
based on the measured quantity of each of the billable constituents. The calculation of the 
total charge is based on the user’s flows and loads. Aside from flow, TSS, Nit, and O/G, 
The City bills its industrial customers based on its Chemical Oxygen Demand (COD), 
instead of BOD. Table 2.23 presents the unit costs that are recommended.  

Table 2.23 Proposed Industrial User Rates 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 $/CCF 
$/lb 

C.O.D 
$/lb 
TSS 

$/lb 
Nit 

$/lb 
O/G 

Unit Costs $1.21 $0.19 $0.23 $0.42 $0.08 

2.7.6 Proposed User Rates 

It is recommended that the City adopt a sewer user rate of $19.77 per EDU per year for 
FY 2008/09, based on the total revenue requirement need. In subsequent years, we 
recommend that the City increase sewer user rates between 5.5 percent and 17 percent 
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annually over the following 5 years, as illustrated in Table 2.24. The table also shows what 
the rate per EDU would have been if it had been increased at a rate of 3 percent per year 
since the last increase in 1992. Three percent per year is the approximate annual increase 
in the Engineering News-Record Construction Cost Index between 1993 and 2007. The 
proposed rates are higher than the 3 percent increase. However, if the City had 
implemented annual rate increases of 3 percent since 1992, the proposed rates would not 
have been as high due to the available cash reserves that would have been generated. The 
proposed rates are based on the minimum necessary annual increases. These rates do not 
include a buffer if revenue projections do not match estimates. However, these rates are 
still very low in comparison to most of the other cities/agencies in the Inland Empire area. A 
table showing the rate comparison to other cities/agencies is included in Appendix C. 

Table 2.24 Projected Sewer User Rates 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Fiscal Year 
Proposed Monthly Single-

Family Residence Rate 
Proposed % 

Increase 
3% Increase from 

1992 

Existing $13.05  $20.33 

2007-08 $13.05  $20.94 

2008-09 $19.77 51.5 $21.57 

2009-10 $22.74 15.0 $22.22 

2010-11 $26.60 17.0 $22.88 

2011-12 $30.46 14.5 $23.57 

2012-13 $32.11 5.4 $24.28 

2013-14 $32.11 0.0 $25.01 

2014-15 $32.34 0.7 $25.76 

2015-16 $33.08 2.3 $26.53 

2016-17 $33.81 2.2 $27.32 

2017-18 $34.46 1.9 $28.14 

2018-19 $34.93 1.4 $28.99 

2019-20 $35.38 1.3 $29.86 

2020-21 $35.95 1.6 $30.75 

2021-22 $36.88 2.6 $31.68 

2022-23 $37.89 2.7 $32.63 

2023-24 $38.53 1.7 $33.60 

2024-25 $39.30 2.0 $34.61 
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2.8 CONNECTION FEES ANALYSIS 

2.8.1 Introduction 

Connection Fees are one-time fees paid at the time property is developed and connected to 
the Sewer System. The fees are levied to pay a portion of the City's capital costs and for 
access to capacity in the Sewer System. Currently, the City has Connection Fees of 
$2,684 per residential unit (3-bedroom) and $700 for the first 3,000 square feet and $700 
for each additional 3,000 square feet, for commercial and industrial users. Under the 
current industrial user ordinance, additional connection fees, referred to as Pollutant 
Exceedance Fees, can be imposed on industrial users who place larger than average 
demands on the Sewer System. Connection Fees are reviewed annually to reflect the 
changes in the value of the Sewer System to which a new customer is connecting. 

Connection fees are designed to recover capital costs of providing capacity for new users. 
They may fund future capacity expansion projects. The underlying premise is to charge 
each new user the estimated reasonable cost of providing capital facilities necessary to 
provide sewer service (i.e., require growth to pay for growth). Absent such charges, existing 
customers would be required to bear the burden of all capital costs, including 
capacity-related costs, through user rates. Consequently, new customers would receive the 
benefit of sewer availability, without themselves paying for that capacity.  

Similar to the City’s sewer user rates, the connection fee is equal to the capital costs 
required to support the sewer flows and loadings estimated for an average 3-bedroom 
single-family residence, or per EDU.  

Pursuant to the agreements with the CSDs, the CSDs are either required to directly fund a 
portion of the capital costs to construct the RWQCP or to pay connection fees. The CSDs 
are required to pay for the construction costs of certain sewer collection, transmission, 
treatment, and disposal facilities to be used by the CSDs and are obligated to make certain 
payments to the City for certain services arising from the Sewer System (including any 
standby or availability charges). 

2.8.2 Methodology 

The connection fees, as calculated for this study, evaluate future expansion related capital 
expenditures only. These costs will be incurred to provide available capacity for new system 
users. As expressed in the formula below, the connection fee is calculated by dividing the 
future expansion CIP costs by the total number of future connections expressed in EDUs. 

Connection Fees per EDU = Expansion Capital Costs 

Future Users (EDUs) 
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2.8.2.1 Approach and Assumptions 

The following assumptions were used in calculating the connection fee alternatives: 

• Future Facilities: 

The cost of future expansion facilities is projected to total $186 million ($137 million in 
August 2006 dollars) through FY 2024/25. Collection system improvements are 
assumed to be the responsibility of the inside City users only, excluding any CSD 
contributions. Treatment improvements are assumed to benefit all future users, 
including future inside City and CSD customers. The CIP used within this analysis 
represents the City’s projected expenditures at this point in time.  

• Flow and Load Basis: 

All connection fee calculation alternatives included in this report are based upon an 
EDU flow of 220 gpd. Strength characteristics are assumed to equal to 227.5 mg/l 
BOD, 259 mg/l TSS, 31mg/l Nit, and 63 mg/l O/G, commensurate with single-family 
residential strength assumptions.  

• Available Remaining EDUs: 

The RWQCP is projected to produce an additional capacity of 12 mgd with the City’s 
CIP. This extra capacity will serve 56,375 new EDUs that are projected to connect 
through the planning period. 21,364 EDUs will benefit from the collection system 
improvements.  

2.8.2.2 Connection Fees Calculation 

Table 2.25 presents the expansion costs divided by the projected number of new EDUs to 
obtain the connection fee per EDU. 

Table 2.25 Connection Fee Calculation 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 Total Treatment Costs Total Collection Costs 

Expansion Cost  $101,271,619 $35,802,281 

÷   

New EDUs 56,375 21,364 

=   

Connection Fee per EDU $1,796 $1,676 

The total collection fee charge to inside City new development will total $3,472, with $1,796 
allocated for treatment and $1,676 allocated for collection. 
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2.8.2.3 Commercial Connection Fee Calculation 

Currently, the City charges commercial and industrial customers $700 for the first 
3,000 square feet and $700 for each additional 3,000 square feet. However, the City does 
not track the floor space of the different commercial property categories. It is recommended 
that a new and more equitable methodology to calculate commercial and industrial 
connection fees be applied, based on anticipated sewer flow and loading strength.  

Under the new methodology, the number of EDUs per basic commercial unit was calculated 
according to the following formula: 

% of Allocation to Flow X Total Flow in Category + 
Number of Accounts in Category X Flow per EDU 

% of Allocation to BOD X Total Flow in Category X BOD Concentration in Category + 
Number of Accounts in Category X Flow per EDU X BOD Concentration per EDU  

% of Allocation to TSS X Total Flow in Category X TSS Concentration in Category = 
Number of Accounts in Category X Flow per EDU X TSS Concentration per EDU  

Number of EDUs per Basic Commercial Unit. 

Once the EDU basis for each commercial category is calculated, it is multiplied by the 
single-family residential connection fee of $3,472 to obtain the connection fee for that 
category.  

The connection fee for a basic Department and Retail Store (non-pumping): 

2.4 EDUs X $3,472 = $8,472 

Table 2.26 provides the EDU basis and resulting connection fees for commercial 
customers. The connection fees presented are based on an average assumption. An actual 
fee should be calculated for each connection fee applicant based on the expected flow and 
loadings to be contributed. 

Table 2.26 Commercial Customers Connection Fees 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

User Rate Categories EDU Basis
Proposed Fees 

FY2007/08 Existing Fees

Commercial Sewer Rates    
Basic Commercial (Flat Rate) 1.0 $3,472 N/A 

Basic Commercial - Pumping (Flat Rate) 1.0 $3,472 N/A 

Commercial Rate Structure    
Department and Retail Stores 2.4 $8,472 $9,333 
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Table 2.26 Commercial Customers Connection Fees 

City of Riverside 
Wastewater Collection and Treatment Facilities Integrated Master Plan 

Proposed Fees 
FY2007/08 User Rate Categories EDU Basis Existing Fees

Hotels and Motels 45.4 $157,693 $40,920 

Laundromats 10.3 $35,726 N/A 

Laundries 23.5 $81,492 N/A 

Markets 11.6 $40,256 $4,667 

Mortuaries 9.5 $32,853 $3,639 

Professional Offices 3.0 $10,552 $7,000 

Repair Shops and Service Stations 3.4 $11,675 $700 

Restaurants 12.5 $43,300 $1,167 

Other Commercial 5.0 $17,258 $4,305 

Hospitals 41.2 $142,988 $9,333 

Churches and Halls 4.2 $14,600 $2,333 

Schools "B" 10.3 $35,846 N/A 

Other Commercial "A" 13.0 $45,267 $2,971 

Other Commercial "B" 3.1 $10,721 N/A 

Commercial Rate Structure - Pumping    
Department and Retail Stores 3.7 $12,898  

Hotels and Motels 17.4 $60,285 $9,333 

Laundromats 13.3 $46,261 $40,920 

Laundries 0.8 $2,931 N/A 

Markets 20.4 $70,967 N/A 

Mortuaries 1.9 $6,602 $4,667 

Professional Offices 14.3 $49,670 $3,639 

Repair Shops and Service Stations 3.9 $13,534 $7,000 

Restaurants 23.2 $80,566 $700 

Other Commercial 4.3 $14,793 $1,167 

Hospitals 19.5 $67,824 $4,305 

Churches and Halls 3.7 $12,828 $9,333 

Schools "B" 3.4 $11,969 $2,333 

Other Commercial "A" 14.9 $51,890 N/A 

Other Commercial "B" 2.5 $8,699 $2,971 
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2.8.3 Industrial Connection Fee 

The same formula that is used to calculate the connection fee for commercial units should 
be used for Industrial Users. The formula is as follows: 

% of Allocation to Flow X Total Flow + 
Flow per EDU 

% of Allocation to BOD X Total Flow X BOD Concentration + 
Flow per EDU X BOD Concentration per EDU  

% of Allocation to TSS X Total Flow X TSS Concentration = 
Flow per EDU X TSS Concentration per EDU  

Number of EDUs per Industry. 

The current percent of allocation to flow, BOD, and TSS are 55 percent, 37 percent, and 
7 percent, respectively. Applying these values to the formulas calculates the number of 
EDUs per industry, which can then be multiplied times the single-family residential 
connection fee of $3,472. This calculation should be performed separately for each 
industry. 

2.8.4 Proposed Connection Fee 

It is recommended that the City adopt the residential connection fees and 
commercial-industrial connection fees as presented above.  

This analysis assumes that the connection fees will be escalated each year to reflect the 
current value of the facilities or the current cost of capital projects. The City can apply an 
annual cost escalator based on such commonly accepted price indicators as the 
Engineering News Record Construction Cost Index for Los Angeles, or the Consumer Price 
Index (CPI). 

It should be noted that the proposed connection fees are low in comparison to most of the 
other cities/agencies in the Inland Empire area. A table showing the fee comparison to 
other cities/agencies is included in Appendix C. 
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Appendix A 

PROJECT CALCULATIONS 
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City of Riverside
WASTEWATER FINANCIAL ANALYSIS
ASSUMPTIONS

ASSUMPTIONS
Beginning Year of Study 2008
Rate Calculations FYE 2009

Collection System Projects 15%

Debt Service Coverage Requirement
 - Senior Debt 1.25            

Reserve Account 0.50            of Maximum Annual Debt Service

Minimum Operating Fund Reserve 15.0% of Annual Operating Costs
Maximum Operating Fund Reserve 20.0% of Annual Operating Costs

Utility Tax 6.5% based on revenue (there is no utility tax on wholesale users)

Current FY2006/07 Riverside Customers 127,290      Number of accounts
Escalated FY2007/2008 Riverside Customers 129,862      Number of accounts

Community Service Districts
Edgemont Customers 6,600          Population
Rubidoux Customers 26,000        Population
Jurupa Customers 72,000        Population

Total Customers in the Financial Study FY2007/08

Existing Riverside Sewer Connection Fees per SFR $2,684
Commercial and Industrial Customers (1) $700 for the first 3000 square feet of building space

(2) $700 for each additional square feet
(3) $38.50 per foot of frontage for use of existing pipelines, if applicable

Annual Connection Fee Escalation
1 Annual Cost Inflation Added

FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
ECONOMIC ESCALATORS 2008 2009 2010 2011 2012 2013 2014 2015

1 General Cost Inflation 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0%
2 Capital Cost Inflation 6.0% 6.0% 6.0% 6.0% 6.0% 4.0% 4.0% 4.0%
3 Customer Growth 2.0% 2.0% 2.0% 2.0% 1.9% 1.9% 1.8% 1.5%
4 Fund Earnings 3.5% 3.5% 3.5% 3.5% 3.5% 3.5% 3.5% 3.5%
5 Labor Cost Inflation 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0% 3.0%
6 One Time Exp/Rev -100.0% -100.0% -100.0% -100.0% -100.0% -100.0% -100.0% -100.0%
7 Cust. Growth + Gen. Inflation 5.0% 5.0% 5.0% 5.0% 4.9% 4.9% 4.8% 4.5%
8 No Annual Increases 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
9 Insurance Inflation 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0% 5.0%

FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
CONNECTION FEES 2008 2009 2010 2011 2012 2013 2014 2015

Riverside Connection Fees 3,472$        3,681$        3,901$        4,135$        4,384$        4,559$        4,741$        4,931$        

Existing Accounts 127,290      129,851      132,412      135,049      137,685      140,322      142,959      145,596      
Added Accounts 2,561          2,561          2,637          2,637          2,637          2,637          2,637          2,182          

Total Accounts 129,851      132,412      135,049      137,685      140,322      142,959      145,596      147,778      

Outside City Connection Fees 1,796$        1,904$        2,018$        2,140$        2,268$        2,359$        2,453$        2,551$        

New EDUs based on FY06/07(1)

 - Riverside 124,545  800             800             800             800             800             800             800             800             
 - Jurupa CSD 15,909    636             636             818             818             818             818             818             818             
 - Rubidoux CSD 9,545      182             182             182             182             182             182             182             273             
 - Edgemont CSD 2,727      -             -              91               91               91               91               91               91               
 - Highgrove -          1,455          1,455          1,273          1,273          1,273          1,273          1,273          636             

152,727  3,073          3,073          3,164          3,164          3,164          3,164          3,164          2,618          
(1) Conservative basis (based on last year's new connections) vs. 1.5% growth

Percentage Growth
 - Riverside 0.6% 0.6% 0.6% 0.6% 0.6% 0.6% 0.6% 0.6%
 - Jurupa CSD 4.0% 3.8% 4.8% 4.5% 4.3% 4.2% 4.0% 3.8%
 - Rubidoux CSD 1.9% 1.9% 1.8% 1.8% 1.8% 1.7% 1.7% 2.5%
 - Edgemont CSD 0.0% 0.0% 3.3% 3.2% 3.1% 3.0% 2.9% 2.9%
 - Highgrove 100.0% 43.8% 30.4% 23.3% 18.9% 15.9% 6.9%

Composite 2.0% 2.0% 2.0% 2.0% 1.9% 1.9% 1.8% 1.5%

Yes No



City of Riverside
WASTEWATER FINANCIAL ANALYSIS
Revenues and O&M Expenditures

REVENUES Actuals Actuals Original Budget Revised Budget Forecast Forecast Forecast Forecast Forecast Forecast
FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013

Operating Revenues 2006 2007 2008 2008 2009 2010 2011 2012 2013 2014

340351 Grading Plan Review Fees 1 9,270$                  11,275$                11,613$                11,962$                12,320$                12,690$                13,071$                13,463$                13,867$                
348020 Sewer Unit of Benefit Fee 1 134,070                80,698                  83,119                  85,613                  88,181                  90,826                  93,551                  96,358                  99,248                  
348110 Commercial [Riverside Growth] 3,707,655             3,934,637             3,959,911             3,985,184             5,900,627             6,828,484             8,039,360             9,262,354             9,826,267             
348130 Residential Sewage [Riverside Growth] 9,779,748             9,835,141             9,898,316             9,961,490             14,749,391           17,068,692           20,095,433           23,152,469           24,562,043           
348253 Commercial Sewer Spec Billing [Riverside Growth] 945,331                977,261                983,538                989,816                1,465,562             1,696,017             1,996,767             2,300,527             2,440,588             
348253 Residential Pumping [Riverside Growth] 4,046,863             4,091,840             4,118,123             4,144,407             6,136,379             7,101,307             8,360,561             9,632,419             10,218,862           
348401 Commercial Pumping [Riverside Growth] 860,578                904,634                910,445                916,256                1,356,646             1,569,974             1,848,373             2,129,559             2,259,211             
348403 Recycled Water 1 14,022                  22,760                  23,443                  24,146                  24,870                  25,617                  26,385                  27,177                  27,992                  
348410 Waste Disposal Fees 1 240,789                478,274                492,622                507,401                522,623                538,302                554,451                571,084                588,217                
348510 Industrial Waste Permits 1 28,821                  21,875                  22,531                  23,207                  23,903                  24,621                  25,359                  26,120                  26,903                  
348550 Enforcemnt Notice of Violation 1 4,224                    1,000                    1,030                    1,061                    1,093                    1,126                    1,159                    1,194                    1,230                    
348553 Enforcement Cease & Desist Ord 1 -                        -                        -                        -                        -                        -                        -                        -                        -                        
348558 Enforcement - Inspection Fees 1 -                        -                        -                        -                        -                        -                        -                        -                        -                        
349012 Misc Receipts-Other Charges 1 1,083                    -                        -                        -                        -                        -                        -                        -                        -                        
371100 Interest From Investments [CALCULATED] 213,211                150,500                402,500                185,592                341,355                447,734                852,883                1,263,329             1,490,139             
371110 GASB31 Adjustment 1 51,393                  -                        -                        -                        -                        -                        -                        -                        -                        
371200 Interest From Loans 1 -                        -                        -                        -                        -                        -                        -                        -                        -                        
371300 All Other Interest Income 1 608,945                -                        -                        -                        -                        -                        -                        -                        -                        
374000 Refunds and Reimbursements 1 32                         1,272                    1,310                    1,349                    1,390                    1,432                    1,475                    1,519                    1,564                    
374200 Miscellaneous Receipts 1 2,128                    2,262                    2,330                    2,400                    2,472                    2,546                    2,622                    2,701                    2,782                    
374800 Bad Debt Recovery 1 4,500                    50                         52                         53                         55                         56                         58                         60                         61                         
380020 Sale of Equipment 1 -                        -                        -                        -                        -                        -                        -                        -                        -                        
380030 1 -                        4,031                    4,152                    4,276                    4,405                    4,537                    4,673                    4,813                    4,958                    
380100 Damage Claim Recoveries 1 -                        -                        -                        -                        -                        -                        -                        -                        -                        
0000 [Other] 1 -                        -                        -                        -                        -                        -                        -                        
0000 [Other] 1 -                        -                        -                        -                        -                        -                        -                        

Total Operating Revenues 20,652,664$         20,517,510$        -$                     20,915,035$        20,844,212$        30,631,271$        35,413,960$         41,916,181$         48,485,144$        51,563,933$        

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013
CSD Operating Revenues 2006 2007 2008 2008 2009 2010 2011 2012 2013 2014

348135 Highgrove Residential Sewage [Highgrove Growth] -                        -                        226,909                453,818                959,829                1,439,744             2,077,550             2,828,838             3,457,123             
348160 Yucaipa Community Service 3 50,026                  64,041                  65,329                  66,618                  99,967                  117,207                139,758                163,030                175,063                
348170 Rubidoux Community Service [Rubidoux Growth] 565,705                1,238,070             1,261,652             1,285,235             1,925,676             2,254,428             2,684,366             3,127,053             3,353,402             
348180 Jurupa Community Service [Jurupa Growth] 1,110,008             2,167,512             2,254,212             2,340,913             3,608,219             4,338,063             5,296,209             6,316,833             6,926,632             
348190 Edgemont Community Service [Edgemont Growth] 153,713                317,776                317,776                317,776                483,132                573,524                691,993                816,342                886,035                
0000 [Other] 3 -                        -                        -                        -                        -                        -                        -                        
0000 [Other] 3 -                        -                        -                        -                        -                        -                        -                        
0000 [Other] 3 -                        -                        -                        -                        -                        -                        -                        
0000 [Other] 3 -                        -                        -                        -                        -                        -                        -                        

Total CSD Operating Revenues 1,879,452$           3,787,399$          -$                     4,125,879$          4,464,360$          7,076,823$          8,722,967$           10,889,877$         13,252,096$        14,798,255$        

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013
Connection Fee Revenues 2006 2007 2008 2008 2009 2010 2011 2012 2013 2014

348010 Sewer Connection Fees [CALCULATED] 3,923,404$           1,982,770$           2,777,789$           2,944,457$           3,121,124$           3,308,392$           3,506,895$           3,647,171$           3,793,058$           
348015 HighgroveSewer Connection Fees [CALCULATED] -$                      2,949,880$           2,949,880$           2,949,880$           2,949,880$           2,949,880$           2,886,412$           3,001,868$           3,121,943$           
348031 Rubidoux CSD Improvement Fees 6 -                        -                        -                        -                        -                        -                        -                        -                        -                        
348032 Jurupa CSD Improvement Fees 2 -                        -                        -                        -                        -                        1,750,519             1,855,550             1,929,772             2,006,963             

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

One Time Exp/Rev

Capital Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

Customer Growth

General Cost Inflation

Customer Growth

Customer Growth

Customer Growth

Customer Growth
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348033 Edgemont CSD Improvement Fees 6 -                        -                        -                        -                        -                        -                        -                        -                        -                        
0002 [Other] 1 -                        -                        -                        -                        -                        -                        -                        
0001 [Other] 1 -                        -                        -                        -                        -                        -                        -                        
0000 [Other] 1 -                        -                        -                        -                        -                        -                        -                        
0000 [Other] 1 -                        -                        -                        -                        -                        -                        -                        

Total Connection Fee Revenues 3,923,404$           4,932,650$          -$                     5,727,669$          5,894,337$          6,071,004$          8,008,791$           8,248,857$           8,578,812$          8,921,964$          

EXPENDITURES
FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013

Public Works / Public Works-Sewer Sys-Admin 2006 2007 2008 2008 2009 2010 2011 2012 2013 2014

411100 Salaries-Regular
S
a 5 702,390$              751,961$              1,339,837$           985,433$              1,014,996$           1,045,446$           1,076,809$           1,109,113$           1,142,387$           1,176,658$           

411110 Salaries-Temp & Part Time
S
a 5 3,638                    372                       -                        -                        -                        -                        -                        -                        -                        -                        

411130 Compensatory Time
C
o 5 3,246                    7,600                    -                        -                        -                        -                        -                        -                        -                        -                        

411210 Vacation
V
a 5 47,695                  57,350                  -                        -                        -                        -                        -                        -                        -                        -                        

411220 Holidays & Special Days Off
H
o 5 32,124                  40,556                  -                        -                        -                        -                        -                        -                        -                        -                        

411240 Sick Leave
S
i 5 15,443                  18,703                  -                        -                        -                        -                        -                        -                        -                        -                        

411245 Family Illness Sick Leave
F
a 5 11,165                  6,383                    -                        -                        -                        -                        -                        -                        -                        -                        

411250 Industrial Accident
I
n 5 1,199                    936                       -                        -                        -                        -                        -                        -                        -                        -                        

411260 Bereavement Leave
B
e 5 6,508                    5,591                    -                        -                        -                        -                        -                        -                        -                        -                        

411280 Jury Duty
J
u 5 1,564                    5,580                    -                        -                        -                        -                        -                        -                        -                        -                        

411292 Administrative Leave
A
d 5 135                       2,305                    -                        -                        -                        -                        -                        -                        -                        -                        

411310 Night Shift Premium
N
i 5 25                         19                         -                        -                        -                        -                        -                        -                        -                        -                        

411410 Vacation Payoffs
V
a 5 2,365                    3,636                    -                        -                        -                        -                        -                        -                        -                        -                        

411430 Compensatory Time Payoff 5 121                       -                        -                        -                        -                        -                        -                        -                        -                        -                        
411510 Accrued Payroll

A
c 5 4,037                    (4,404)                   -                        -                        -                        -                        -                        -                        -                        -                        

411521 Accrued Sick Leave Yr End Only 5 127,638                -                        -                        -                        -                        -                        -                        -                        -                        -                        
411522 Accrued Vacation Year-End Only 5 32,031                  -                        -                        -                        -                        -                        -                        -                        -                        -                        
411530 Accrued Comp. Time Earned 5 3,100                    -                        -                        -                        -                        -                        -                        -                        -                        -                        
412210 Workers Compensation Ins

W
o 9 23,886                  17,808                  49,457                  36,375                  38,194                  40,103                  42,109                  44,214                  46,425                  48,746                  

412220 Health Insurance
H
e 9 84,876                  106,332                165,402                121,651                127,734                134,120                140,826                147,868                155,261                163,024                

412221 Retiree Health Insurance
R
e 9 470                       748                       -                        -                        -                        -                        -                        -                        -                        -                        

412222 Dental Insurance
D
e 9 4,612                    6,074                    9,056                    6,661                    6,994                    7,343                    7,710                    8,096                    8,501                    8,926                    

412230 Life Insurance
L
i 9 3,905                    4,318                    3,820                    2,810                    2,950                    3,098                    3,252                    3,415                    3,586                    3,765                    

412240 Unemployment Insurance
U
n 9 498                       450                       660                       485                       510                       535                       562                       590                       620                       651                       

412250 Disability Insurance
D
i 9 494                       650                       1,360                    1,000                    1,050                    1,103                    1,158                    1,216                    1,277                    1,340                    

412310 PERS Retirement
P
E 1 182,619                195,671                305,578                224,749                231,491                238,436                245,589                252,957                260,545                268,362                

412320 Medicare OASDI
M
e 1 11,919                  10,732                  19,262                  14,167                  14,592                  15,030                  15,481                  15,945                  16,423                  16,916                  

412400 Deferred Compensation
D
e 5 19,000                  22,745                  30,000                  22,065                  22,727                  23,408                  24,111                  24,834                  25,579                  26,346                  

413120 Overtime At 1.5 Rate
O
v 5 746                       136                       150                       110                       114                       117                       121                       124                       128                       132                       

413210 Holiday O/T-Straight/Non-Sched
O
v 5 257                       354                       -                        -                        -                        -                        -                        -                        -                        -                        

419910 Salaries Adjustment Factor
S
a 5 -                        -                        -                        -                        -                        -                        -                        -                        -                        -                        

421000 Professional Services
P
r 1 195,401                349,311                97,630                  71,806                  73,960                  76,179                  78,464                  80,818                  83,242                  85,740                  

421043 Prof Svcs Regulatory Comp 1 -                        -                        120,100                88,332                  90,982                  93,711                  96,523                  99,418                  102,401                105,473                
421100 Outside Legal Services

O
u 1 2,000                    16,179                  10,000                  7,355                    7,576                    7,803                    8,037                    8,278                    8,526                    8,782                    

422100 Telephone
T
e 1 19,486                  16,793                  17,400                  12,797                  13,181                  13,577                  13,984                  14,404                  14,836                  15,281                  

422120 Telephone - Cellular
T
e 1 12,984                  18,574                  18,600                  13,680                  14,090                  14,513                  14,949                  15,397                  15,859                  16,335                  

423400 Motor Pool Equipment Rental
M
o 1 6,201                    10,300                  6,500                    4,781                    4,924                    5,072                    5,224                    5,381                    5,542                    5,708                    

424130 Maint/Repair of Bldgs & Improv
M
a 1 460                       -                        100                       74                         76                         78                         80                         83                         85                         88                         

424220 All Other Equip Maint/Repair
A
l 1 3,606                    4,741                    13,500                  9,929                    10,227                  10,534                  10,850                  11,175                  11,511                  11,856                  

424230 Central Garage Charges
C
e 1 2,158                    -                        2,500                    1,839                    1,894                    1,951                    2,009                    2,069                    2,132                    2,196                    

425200 Periodicals & Dues
P
e 1 67,692                  68,424                  77,871                  57,273                  58,991                  60,761                  62,584                  64,461                  66,395                  68,387                  

425300 Photo & Recording Supplies
P
h 1 -                        -                        300                       221                       227                       234                       241                       248                       256                       263                       

425400 General Office Expense
G
e 1 23,215                  19,484                  24,300                  17,872                  18,409                  18,961                  19,530                  20,115                  20,719                  21,341                  

425500 Postage
P
o 3 2,658                    2,455                    2,200                    1,618                    1,650                    1,683                    1,716                    1,749                    1,781                    1,814                    

425600 Central Printing Charges
C
e 1 992                       2,072                    2,000                    1,471                    1,515                    1,561                    1,607                    1,656                    1,705                    1,756                    

425610 Outside Printing Expense
O
u 1 1,096                    1,091                    1,500                    1,103                    1,136                    1,170                    1,206                    1,242                    1,279                    1,317                    

425800 Computer Equip Purc Undr $5000
C
o 1 2,028                    2,842                    2,500                    1,839                    1,894                    1,951                    2,009                    2,069                    2,132                    2,196                    
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426100 Janitorial Supplies
J
a 1 -                        18                         500                       368                       379                       390                       402                       414                       426                       439                       

426200 Clothing/Linen/Safety Supplies
C
l 1 37                         8                           -                        -                        -                        -                        -                        -                        -                        -                        

426710 Work Boot Reimbursement
W
o 1 -                        164                       150                       110                       114                       117                       121                       124                       128                       132                       

426800 Special Department Supplies
S
p 1 2,777                    5,675                    3,000                    2,206                    2,273                    2,341                    2,411                    2,483                    2,558                    2,635                    

427100 Travel & Meeting Expense
T
r 1 6,996                    14,638                  17,265                  12,698                  13,079                  13,472                  13,876                  14,292                  14,721                  15,162                  

427200 Training
T
r 1 4,284                    8,373                    13,950                  10,260                  10,568                  10,885                  11,211                  11,548                  11,894                  12,251                  

428400 Insurance / All Other 9 27,915                  25,199                  67,317                  49,511                  51,986                  54,586                  57,315                  60,181                  63,190                  66,349                  
428420 Insurance Charges - Direct 9 61,626                  98,686                  90,657                  66,677                  70,011                  73,511                  77,187                  81,046                  85,099                  89,354                  
443300 Uncollect Accounts-Bad Debts 1 51,823                  59,115                  89,544                  65,858                  67,834                  69,869                  71,965                  74,124                  76,348                  78,638                  
452005 Education Reimbursement Prog

M
a 1 -                        1,000                    735                       758                       780                       804                       828                       853                       878                       

462100 Automotive Equipment
A
u 2 48,324                  -                        -                        -                        -                        -                        -                        -                        -                        

881100 General Fund Allocation Chgs
G
e 1 162,435                113,173                496,706                365,321                376,281                387,569                399,196                411,172                423,507                436,212                

881200 Central Service Alloc Charges
 
C 1 610,715                738,641                -                        -                        -                        -                        -                        -                        -                        -                        

882101 Utilization Chgs from 101 Fund
U
t 1 676,476                520,330                1,052,197             773,877                797,094                821,007                845,637                871,006                897,136                924,050                

882102 Utilization Chgs from 102 Fund
U
t 1 11,220                  3,636                    -                        -                        -                        -                        -                        -                        -                        -                        

882510 Utilization Chgs from 510 Fund
U
t 1 481,359                482,527                577,600                424,817                437,562                450,689                464,209                478,136                492,480                507,254                

894101 Interfund Services to 101 Fund
 
I 1 (10,398)                 (1,445)                   -                        -                        -                        -                        -                        -                        -                        -                        

894230 Interfund Services to 230 Fund
 
I 1 (601)                      (842)                      -                        -                        -                        -                        -                        -                        -                        -                        

894260 Interfund Services to 260 Fund
 
I 1 (13,192)                 (24,457)                 -                        -                        -                        -                        -                        -                        -                        -                        

894410 Interfund Services to 410 Fund
I
n 1 (5,429)                   (4,701)                   -                        -                        -                        -                        -                        -                        -                        -                        

894431 Interfund Services to 431 Fund 1 (336)                      (2,056)                   -                        -                        -                        -                        -                        -                        -                        -                        
894432 Interfund Services to 432 Fund

I
n 1 (336)                      (978)                      -                        -                        -                        -                        -                        -                        -                        -                        

894540 Interfund Services to 540 Fund
I
n 1 (4,395)                   (284,294)               -                        -                        -                        -                        -                        -                        -                        -                        

894551 Interfund Services to 551 Fund
I
n 1 (249,332)               (318,771)               -                        -                        -                        -                        -                        -                        -                        -                        

0000 City Retirement Plan
C
i 1 10                         10                         8                           8                           8                           8                           8                           9                           9                           

0000 Office Furniture & Equipment
O
f 1 778,049                801,391                589,413                607,095                625,308                644,067                663,389                683,291                703,790                

0000 [Other] 1 -                        -                        -                        -                        -                        -                        -                        
0000 Additional Admin In Lieu 1 -                        -                        749,382                1,107,065             1,582,076             2,064,923             2,275,975             

3,481,327$           4,033,897$          5,532,870$          4,069,355$          4,197,122$          5,078,390$          5,572,214$           6,187,763$           6,815,693$          7,176,527$          

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013

Public Works / PW-Sewer-Collection Syst Maint 2006 2007 2008 2008 2009 2010 2011 2012 2013 2014

411100 Salaries-Regular
S
a 5 505,971$              544,998$              870,124$              867,038$              893,049$              919,840$              947,436$              975,859$              1,005,134$           1,035,288$           

411110 Salaries-Temp & Part Time 5 2,121                    -                        -                        -                        -                        -                        -                        -                        -                        -                        
411130 Compensatory Time

C
o 5 12,315                  11,221                  -                        -                        -                        -                        -                        -                        -                        -                        

411210 Vacation
V
a 5 41,223                  33,812                  -                        -                        -                        -                        -                        -                        -                        -                        

411220 Holidays & Special Days Off
H
o 5 25,353                  31,187                  -                        -                        -                        -                        -                        -                        -                        -                        

411240 Sick Leave
S
i 5 15,050                  12,680                  -                        -                        -                        -                        -                        -                        -                        -                        

411245 Family Illness Sick Leave
F
a 5 6,068                    1,895                    -                        -                        -                        -                        -                        -                        -                        -                        

411250 Industrial Accident
I
n 5 6,861                    17,027                  -                        -                        -                        -                        -                        -                        -                        -                        

411260 Bereavement Leave
B
e 5 2,202                    1,070                    -                        -                        -                        -                        -                        -                        -                        -                        

411292 Administrative Leave
A
d 5 3,690                    4,520                    -                        -                        -                        -                        -                        -                        -                        -                        

411310 Night Shift Premium 5 108                       -                        -                        -                        -                        -                        -                        -                        -                        -                        
411320 Temporary Foreman Pay

T
e 5 347                       805                       200                       199                       205                       211                       218                       224                       231                       238                       

411410 Vacation Payoffs
V
a 5 8,429                    1,298                    -                        -                        -                        -                        -                        -                        -                        -                        

411420 Sick Leave Payoff 5 975                       -                        -                        -                        -                        -                        -                        -                        -                        -                        
411430 Compensatory Time Payoff

C
o 5 4,019                    269                       -                        -                        -                        -                        -                        -                        -                        -                        

411510 Accrued Payroll
A
c 5 3,315                    (3,315)                   -                        -                        -                        -                        -                        -                        -                        -                        

411521 Accrued Sick Leave Yr End Only 5 4,580                    -                        -                        -                        -                        -                        -                        -                        -                        -                        
411522 Accrued Vacation Year-End Only 5 (7,338)                   -                        -                        -                        -                        -                        -                        -                        -                        -                        
411530 Accrued Comp. Time Earned 5 2,030                    -                        -                        -                        -                        -                        -                        -                        -                        -                        
412210 Workers Compensation Ins

W
o 9 18,099                  13,509                  32,387                  32,272                  33,886                  35,580                  37,359                  39,227                  41,188                  43,248                  

412220 Health Insurance
H
e 9 82,417                  95,313                  136,192                135,709                142,494                149,619                157,100                164,955                173,203                181,863                

412221 Retiree Health Insurance
R
e 9 1,195                    1,538                    -                        -                        -                        -                        -                        -                        -                        -                        

412222 Dental Insurance
D
e 9 3,973                    5,331                    8,628                    8,597                    9,027                    9,479                    9,953                    10,450                  10,973                  11,521                  

412230 Life Insurance
L
i 9 1,017                    1,073                    2,282                    2,274                    2,388                    2,507                    2,632                    2,764                    2,902                    3,047                    

412240 Unemployment Insurance
U
n 9 378                       345                       427                       425                       447                       469                       493                       517                       543                       570                       
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412250 Disability Insurance
D
i 9 1,365                    1,558                    1,768                    1,762                    1,850                    1,942                    2,039                    2,141                    2,248                    2,361                    

412310 PIERS Retirement
P
E 1 138,083                146,477                200,125                199,415                205,398                211,560                217,906                224,444                231,177                238,112                

412320 Medicare OASDI
M
e 1 7,267                    8,332                    12,613                  12,568                  12,945                  13,334                  13,734                  14,146                  14,570                  15,007                  

412330 City Retirement Plan 1 79                         -                        -                        -                        -                        -                        -                        -                        -                        -                        
412400 Deferred Compensation

D
e 5 3,400                    3,055                    9,000                    8,968                    9,237                    9,514                    9,800                    10,094                  10,396                  10,708                  

413110 Overtime At Straight Rate
O
v 5 29,251                  29,647                  40,000                  39,858                  41,054                  42,285                  43,554                  44,861                  46,206                  47,593                  

413120 Overtime At 1.5 Rate
O
v 5 91,986                  65,658                  30,000                  29,894                  30,790                  31,714                  32,666                  33,646                  34,655                  35,695                  

413130 Overtime At Double Time Rate
O
v 5 19,981                  16,794                  8,000                    7,972                    8,211                    8,457                    8,711                    8,972                    9,241                    9,519                    

419910 Salaries Adjustment Factor
S
a 5 -                        -                        -                        -                        -                        -                        -                        -                        -                        -                        

421000 Professional Services
P
r 1 18,294                  10,651                  12,100                  12,057                  12,419                  12,791                  13,175                  13,570                  13,977                  14,397                  

422100 Telephone
T
e 1 2,590                    2,710                    3,000                    2,989                    3,079                    3,171                    3,267                    3,365                    3,465                    3,569                    

422120 Telephone - Cellular
T
e 1 7,544                    10,443                  12,000                  11,957                  12,316                  12,686                  13,066                  13,458                  13,862                  14,278                  

422200 Electric
E
l 7 186,634                179,180                255,000                254,096                266,730                280,043                293,912                308,358                323,403                339,070                

422300 Gas
G
a 1 123                       140                       500                       498                       513                       529                       544                       561                       578                       595                       

422500 Water
W
a 1 7,634                    9,193                    10,000                  9,965                    10,263                  10,571                  10,889                  11,215                  11,552                  11,898                  

422600 Other Utilities
O
t 1 5,614                    5,112                    6,000                    5,979                    6,158                    6,343                    6,533                    6,729                    6,931                    7,139                    

422700 Refuse/Disposal Fees
R
e 3 -                        1,378                    5,500                    5,480                    5,589                    5,700                    5,811                    5,922                    6,034                    6,145                    

423100 Equipment Rental
E
q 1 1,901                    2,630                    8,000                    7,972                    8,211                    8,457                    8,711                    8,972                    9,241                    9,519                    

423400 Motor Pool Equipment Rental
M
o 1 95,872                  53,475                  100,000                99,645                  102,635                105,714                108,885                112,152                115,516                118,982                

424120 Constr & Maint Materials
C
o 1 1,295                    5,582                    8,800                    8,769                    9,032                    9,303                    9,582                    9,869                    10,165                  10,470                  

424130 Maint/Repair of Bldgs & Improv
M
a 1 1,078                    1,765                    2,000                    1,993                    2,053                    2,114                    2,178                    2,243                    2,310                    2,380                    

424220 All Other Equip Maint/Repair
A
l 1 21,665                  23,643                  17,000                  16,940                  17,448                  17,971                  18,510                  19,066                  19,638                  20,227                  

424230 Central Garage Charges
C
e 1 44,062                  94,611                  55,000                  54,805                  56,449                  58,143                  59,887                  61,683                  63,534                  65,440                  

424240 Central Communications Chg
C
e 1 130                       132                       400                       399                       411                       423                       436                       449                       462                       476                       

425200 Periodicals & Dues
P
e 1 1,168                    1,238                    1,200                    1,196                    1,232                    1,269                    1,307                    1,346                    1,386                    1,428                    

425300 Photo & Recording Supplies
P
h 1 129                       300                       800                       797                       821                       846                       871                       897                       924                       952                       

425400 General Office Expense
G
e 1 4,933                    2,821                    5,000                    4,982                    5,132                    5,286                    5,444                    5,608                    5,776                    5,949                    

425600 Central Printing Charges
C
e 1 -                        82                         100                       100                       103                       106                       109                       112                       116                       119                       

425700 Software Purchase/Licensing
S
o 1 3,567                    2,409                    3,000                    2,989                    3,079                    3,171                    3,267                    3,365                    3,465                    3,569                    

425800 Computer Equip Purc Undr $5000
C
o 1 4,387                    3,496                    2,500                    2,491                    2,566                    2,643                    2,722                    2,804                    2,888                    2,975                    

426100 Janitorial Supplies
J
a 1 291                       442                       500                       498                       513                       529                       544                       561                       578                       595                       

426200 Clothing/Linen/Safety Supplies
C
l 1 11,101                  15,102                  14,130                  14,080                  14,502                  14,937                  15,385                  15,847                  16,322                  16,812                  

426300 Motor Fuels & Lubricants
M
o 1 24,355                  19,299                  30,000                  29,894                  30,790                  31,714                  32,666                  33,646                  34,655                  35,695                  

426600 Chemical Supplies
C
h 7 18,978                  17,573                  47,500                  47,332                  49,685                  52,165                  54,748                  57,439                  60,242                  63,160                  

426700 Maintenance Tools/Supplies
M
a 1 11,876                  19,623                  15,100                  15,046                  15,498                  15,963                  16,442                  16,935                  17,443                  17,966                  

426710 Work Boot Reimbursement 1 -                        -                        2,100                    2,093                    2,155                    2,220                    2,287                    2,355                    2,426                    2,499                    
426800 Special Department Supplies

S
p 1 9,362                    9,201                    10,500                  10,463                  10,777                  11,100                  11,433                  11,776                  12,129                  12,493                  

427100 Travel & Meeting Expense
T
r 1 2,666                    2,224                    2,000                    1,993                    2,053                    2,114                    2,178                    2,243                    2,310                    2,380                    

427200 Training
 
T 1 1,889                    1,858                    10,000                  9,965                    10,263                  10,571                  10,889                  11,215                  11,552                  11,898                  

428400 Insurance /AllOther
I
n 9 21,153                  19,114                  44,082                  43,926                  46,122                  48,428                  50,849                  53,392                  56,061                  58,865                  

448000 Employee Meal Allowance 1 58                         68                         204                       203                       209                       216                       222                       229                       236                       243                       
450095 Street Replacement Charge 2 1,196,478             1,074,019             1,304,084             1,299,459             1,377,426             1,460,072             1,547,676             1,640,537             1,706,158             1,774,404             
462100 Automotive Equipment 2 21,970                  -                        854,000                850,971                902,029                956,151                1,013,520             1,074,331             1,117,305             1,161,997             
462200 Machinery & Equip 2 -                        134,946                -                        -                        -                        -                        -                        -                        -                        -                        
881100 General Fund Allocation Chgs

G
e 1 16,401                  14,119                  139,710                139,214                143,391                147,693                152,123                156,687                161,388                166,229                

881200 Central Service Alloc Charges
C
e 1 62,876                  96,751                  -                        -                        -                        -                        -                        -                        -                        -                        

884101 Interfund Charges from 101 Fnd
I
n 1 -                        -                        26,000                  25,908                  26,685                  27,486                  28,310                  29,159                  30,034                  30,935                  

894101 Interfund Services to 101 Fund 1 -                        (206)                      (7,500)                   (7,473)                   (7,698)                   (7,929)                   (8,166)                   (8,411)                   (8,664)                   (8,924)                   
0000 Jury Duty

J
u 1 829                       854                       851                       877                       903                       930                       958                       987                       1,016                    

0000  Interfund Services to 540 Fund 1 (767)                      (790)                      (787)                      (811)                      (835)                      (860)                      (886)                      (912)                      (940)                      
0000 [Other] 1 -                        -                        -                        -                        -                        -                        -                        
0000 [Other] 1 -                        -                        -                        -                        -                        -                        -                        

Total Public Works / PW-Sewer-Collection Syst Maint 2,843,884             3,143,216           4,352,120           4,336,684           4,541,685$          4,757,288$          4,983,880$           5,222,055$           5,418,142$          5,621,669$          

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013
Public Works / PW-Sewer Systems-Treatment 2006 2007 2008 2008 2009 2010 2011 2012 2013 2014

411100 Salaries - Regular
S
a 5 1,427,745$           1,596,630$           1,988,112$           1,875,177$           1,931,432$           1,989,375$           2,049,056$           2,110,528$           2,173,844$           2,239,059$           
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411130 Compensatory Time
C
o 5 38,830                  43,206                  -                        -                        -                        -                        -                        -                        -                        -                        

411210 Vacation
V
a 5 103,541                117,084                -                        -                        -                        -                        -                        -                        -                        -                        

411220 Holidays & Special Days Off
H
o 5 22,438                  31,246                  -                        -                        -                        -                        -                        -                        -                        -                        

411240 Sick Leave
S
i 5 37,551                  62,757                  -                        -                        -                        -                        -                        -                        -                        -                        

411245 Family Illness Sick Leave
F
a 5 14,248                  9,151                    -                        -                        -                        -                        -                        -                        -                        -                        

411260 Bereavement Leave
B
e 5 5,481                    3,655                    -                        -                        -                        -                        -                        -                        -                        -                        

411280 Jury Duty
J
u 5 1,880                    2,318                    -                        -                        -                        -                        -                        -                        -                        -                        

411310 Night Shift Premium
N
i 5 25,645                  28,012                  20,000                  18,864                  19,430                  20,013                  20,613                  21,231                  21,868                  22,524                  

411320 Temporary Foreman Pay
T
e 5 14                         -                        500                       472                       486                       500                       515                       531                       547                       563                       

411410 Vacation Payoffs 5 21,310                  -                        -                        -                        -                        -                        -                        -                        -                        -                        
411420 Sick Leave Payoff 5 7,786                    -                        -                        -                        -                        -                        -                        -                        -                        -                        
411430 Compensatory Time Payoff 5 6,881                    -                        -                        -                        -                        -                        -                        -                        -                        -                        
411510 Accrued Payroll

A
c 5 8,433                    (8,433)                   -                        -                        -                        -                        -                        -                        -                        -                        

411521 Accrued Sick Leave Yr End Only 5 38,594                  -                        -                        -                        -                        -                        -                        -                        -                        -                        
411522 Accrued Vacation Year-End Only 5 12,574                  -                        -                        -                        -                        -                        -                        -                        -                        -                        
411530 Accrued Comp. Time Earned 5 5,262                    -                        -                        -                        -                        -                        -                        -                        -                        -                        
412210 Workers Compensation Ins

W
o 9 45,491                  33,598                  74,006                  69,802                  73,292                  76,957                  80,805                  84,845                  89,087                  93,541                  

412220 Health Insurance
H
e 9 179,678                187,296                244,154                230,285                241,799                253,889                266,583                279,913                293,908                308,604                

412221 Retiree Health Insurance
R
e 9 2,150                    2,744                    -                        -                        -                        -                        -                        -                        -                        -                        

412222 Dental Insurance
D
e 9 9,248                    9,819                    14,152                  13,348                  14,015                  14,716                  15,452                  16,225                  17,036                  17,888                  

412230 Life Insurance
L
i 9 4,869                    5,549                    5,434                    5,125                    5,382                    5,651                    5,933                    6,230                    6,541                    6,868                    

412240 Unemployment Insurance
U
n 9 948                       852                       986                       930                       976                       1,025                    1,077                    1,130                    1,187                    1,246                    

412250 Disability Insurance
D
i 9 2,290                    2,311                    2,312                    2,181                    2,290                    2,404                    2,524                    2,651                    2,783                    2,922                    

412310 PERS Retirement
P
E 1 360,703                379,233                457,261                431,286                444,225                457,551                471,278                485,416                499,979                514,978                

412320 Medicare OASDI
M
e 1 16,340                  17,719                  28,826                  27,189                  28,004                  28,844                  29,710                  30,601                  31,519                  32,465                  

412400 Deferred Compensation
D
e 5 24,800                  34,145                  33,000                  31,125                  32,059                  33,021                  34,012                  35,032                  36,083                  37,165                  

413110 Overtime At Straight Rate
O
v 5 -                        -                        4,000                    3,773                    3,886                    4,003                    4,123                    4,246                    4,374                    4,505                    

413120 Overtime At 1.5 Rate
O
v 5 78,331                  77,957                  100,000                94,319                  97,149                  100,064                103,065                106,157                109,342                112,622                

413130 Overtime At Double Time Rate
O
v 5 26,452                  37,106                  25,000                  23,580                  24,287                  25,016                  25,766                  26,539                  27,336                  28,156                  

413210 Holiday OIT-Straight/Non-Sched
H
o 5 14,452                  16,178                  25,000                  23,580                  24,287                  25,016                  25,766                  26,539                  27,336                  28,156                  

413230 Holiday O1T-StrtISubj To Retir
H
o 5 15,113                  14,061                  15,000                  14,148                  14,572                  15,010                  15,460                  15,924                  16,401                  16,893                  

413240 OIT 1.5 Rate Sub To Retirement 5 245                       -                        -                        -                        -                        -                        -                        -                        -                        -                        
419910 Salaries Adjustment Factor

S
a 5 -                        -                        -                        -                        -                        -                        -                        -                        -                        -                        

421000 Professional Services
P
r 1 443,912                108,858                42,700                  40,274                  41,483                  42,727                  44,009                  45,329                  46,689                  48,090                  

421043 Prof Svcs Regulatory Comp 1 -                        -                        216,263                203,978                210,097                216,400                222,892                229,579                236,467                243,561                
422100 Telephone

T
e 1 6,587                    6,165                    6,000                    5,659                    5,829                    6,004                    6,184                    6,369                    6,561                    6,757                    

422120 Telephone - Cellular
T
e 1 7,974                    5,073                    7,000                    6,602                    6,800                    7,004                    7,215                    7,431                    7,654                    7,884                    

422200 Electric
E
l 7 1,807,019             1,666,652             1,800,000             1,697,750             1,782,166             1,871,120             1,963,785             2,060,306             2,160,829             2,265,509             

422300 Gas
G
a 1 33,641                  -                        5,100                    4,810                    4,955                    5,103                    5,256                    5,414                    5,576                    5,744                    

422500 Water
W
a 7 50,880                  74,325                  85,000                  80,172                  84,158                  88,358                  92,734                  97,292                  102,039                106,982                

422600 Other Utilities
O
t 1 52,767                  49,408                  61,200                  57,724                  59,455                  61,239                  63,076                  64,968                  66,917                  68,925                  

422700 Refuse/Disposal Fees
R
e 7 1,980,352             1,961,680             2,825,000             2,664,525             2,797,011             2,936,618             3,082,052             3,233,536             3,391,302             3,555,590             

423100 Equipment Rental
E
q 1 1,064                    -                        4,000                    3,773                    3,886                    4,003                    4,123                    4,246                    4,374                    4,505                    

423400 Motor Pool Equipment Rental
M
o 1 49,495                  41,326                  50,000                  47,160                  48,575                  50,032                  51,533                  53,079                  54,671                  56,311                  

424130 Maint/Repair of Bldgs & Improv
M
a 1 1,354                    -                        -                        -                        -                        -                        -                        -                        -                        -                        

424220 All Other Equip Maint/Repair
A
l 1 9,010                    15,356                  17,150                  16,176                  16,661                  17,161                  17,676                  18,206                  18,752                  19,315                  

424230 Central Garage Charges
C
e 1 5,799                    6,296                    15,000                  14,148                  14,572                  15,010                  15,460                  15,924                  16,401                  16,893                  

424240 Central Communications Chg
C
e 1 -                        -                        4,000                    3,773                    3,886                    4,003                    4,123                    4,246                    4,374                    4,505                    

425200 Periodicals & Dues
P
e 1 4,851                    5,078                    7,550                    7,121                    7,335                    7,555                    7,781                    8,015                    8,255                    8,503                    

425300 Photo & Recording Supplies
P
h 1 -                        -                        250                       236                       243                       250                       258                       265                       273                       282                       

425400 General Office Expense
G
e 1 8,619                    8,576                    10,100                  9,526                    9,812                    10,106                  10,410                  10,722                  11,044                  11,375                  

425500 Postage 7 -                        -                        -                        -                        -                        -                        -                        -                        -                        -                        
425600 Central Printing Charges

C
e 1 -                        114                       500                       472                       486                       500                       515                       531                       547                       563                       

425700 Software Purchase/Licensing
S
o 1 1,943                    1,458                    10,000                  9,432                    9,715                    10,006                  10,307                  10,616                  10,934                  11,262                  

425800 Computer Equip Purc Undr $5000
C
o 1 2,185                    1,219                    5,000                    4,716                    4,857                    5,003                    5,153                    5,308                    5,467                    5,631                    

426100 Janitorial Supplies
J
a 1 155                       193                       600                       566                       583                       600                       618                       637                       656                       676                       

426200 Clothing/Linen/Safety Supplies
C
l 1 14,053                  11,995                  26,738                  25,219                  25,976                  26,755                  27,558                  28,384                  29,236                  30,113                  

426300 Motor Fuels & Lubricants
M
o 1 8,946                    15,657                  14,000                  13,205                  13,601                  14,009                  14,429                  14,862                  15,308                  15,767                  
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426600 Chemical Supplies
C
h 7 983,509                1,624,992             2,764,500             2,607,462             2,737,110             2,873,728             3,016,047             3,164,287             3,318,674             3,479,444             

426700 Maintenance Tools/Supplies
M
a 1 969                       1,689                    1,000                    943                       971                       1,001                    1,031                    1,062                    1,093                    1,126                    

426710 Work Boot Reimbursement 1 -                        -                        3,900                    3,678                    3,789                    3,902                    4,020                    4,140                    4,264                    4,392                    
426800 Special Department Supplies

S
p 1 44,265                  22,539                  21,200                  19,996                  20,596                  21,213                  21,850                  22,505                  23,181                  23,876                  

427100 Travel &MeetingExpense
T
r 1 1,521                    2,357                    3,200                    3,018                    3,109                    3,202                    3,298                    3,397                    3,499                    3,604                    

427200 Training
T
r 1 4,986                    10,462                  17,500                  16,506                  17,001                  17,511                  18,036                  18,578                  19,135                  19,709                  

428400 Insurance / All Other
I
n 9 53,154                  47,526                  100,731                95,009                  99,759                  104,747                109,985                115,484                121,258                127,321                

448000 Employee Meal Allowance
E
m 1 404                       247                       1,020                    962                       991                       1,021                    1,051                    1,083                    1,115                    1,149                    

452005 Education Reimbursement Prog 1 -                        208                       1,000                    943                       971                       1,001                    1,031                    1,062                    1,093                    1,126                    
462308 Off Furn & Eq/Computer Acqustn 1 1,849                    -                        -                        -                        -                        -                        -                        -                        -                        -                        
440301 City Funds

 
C 1 2,662                    -                        -                        -                        -                        -                        -                        -                        -                        -                        

881100 General Fund Allocation Chgs
G
e 1 53,298                  33,595                  451,109                425,484                438,248                451,396                464,937                478,886                493,252                508,050                

881200 Central Service Alloc Charges
C
e 1 217,346                320,398                -                        -                        -                        -                        -                        -                        -                        -                        

882510 Utilization Chgs from 510 Fund
U
t 1 -                        2,145                    3,533                    3,332                    3,432                    3,535                    3,641                    3,751                    3,863                    3,979                    

0000 [Other] 1 -                        -                        -                        -                        -                        -                        -                        
0000 [Other] 1 -                        -                        -                        -                        -                        -                        -                        
0000 [Other] 1 -                        -                        -                        -                        -                        -                        -                        
0000 [Other] 1 -                        -                        -                        -                        -                        -                        -                        

Total Public Works / PW-Sewer Systems-Treatment 8,413,892$           8,749,779$          11,619,587$        10,959,532$        11,435,692$        11,934,878$        12,453,812$         12,993,237$         13,553,925$        14,136,673$        

FY 2005 FY 2006 FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013
Public Works / PW-Sewer-Environmental Complia 2006 2007 2007 2008 2009 2010 2011 2012 2013 2014

411100 Salaries - Regular
S
a 5 388,281$              416,862$              584,941$              448,023$              461,464$              475,307$              489,567$              504,254$              519,381$              534,963$              

411130 Compensatory Time
C
o 5 9,253                    3,648                    -                        -                        -                        -                        -                        -                        -                        -                        

411210 Vacation
V
a 5 20,357                  17,306                  -                        -                        -                        -                        -                        -                        -                        -                        

411220 Holidays & Special Days Off
H
o 5 17,135                  19,733                  -                        -                        -                        -                        -                        -                        -                        -                        

411240 Sick Leave
S
i 5 9,602                    8,132                    -                        -                        -                        -                        -                        -                        -                        -                        

411245 Family Illness Sick Leave
F
a 5 5,640                    3,167                    -                        -                        -                        -                        -                        -                        -                        -                        

411280 Jury Duty
J
u 5 630                       671                       -                        -                        -                        -                        -                        -                        -                        -                        

411292 Administrative Leave
A
d 5 891                       237                       -                        -                        -                        -                        -                        -                        -                        -                        

411410 Vacation Payoffs
V
a 5 14,279                  5,078                    -                        -                        -                        -                        -                        -                        -                        -                        

411430 Compensatory Time Payoff
C
o 5 2,977                    1,672                    -                        -                        -                        -                        -                        -                        -                        -                        

411510 Accrued Payroll
A
c 5 2,223                    (2,223)                   -                        -                        -                        -                        -                        -                        -                        -                        

411521 Accrued Sick Leave Yr End Only 5 3,575                    -                        -                        -                        -                        -                        -                        -                        -                        -                        
411522 Accrued Vacation Year-End Only 5 (707)                      -                        -                        -                        -                        -                        -                        -                        -                        -                        
411530 Accrued Comp. Time Earned 5 3,458                    -                        -                        -                        -                        -                        -                        -                        -                        -                        
412210 Workers Compensation Ins

W
o 9 13,344                  10,040                  21,774                  16,677                  17,511                  18,387                  19,306                  20,271                  21,285                  22,349                  

412220 Health Insurance
H
e 9 46,017                  52,481                  76,427                  58,538                  61,464                  64,538                  67,765                  71,153                  74,710                  78,446                  

412221 Retiree Health Insurance
R
e 9 402                       622                       -                        -                        -                        -                        -                        -                        -                        -                        

412222 Dental Insurance
D
e 9 2,726                    2,969                    4,556                    3,490                    3,664                    3,847                    4,040                    4,242                    4,454                    4,676                    

412230 Life Insurance
L
i 9 1,360                    1,334                    1,580                    1,210                    1,271                    1,334                    1,401                    1,471                    1,545                    1,622                    

412240 Unemployment Insurance
U
n 9 278                       255                       291                       223                       234                       246                       258                       271                       284                       299                       

412250 Disability Insurance
D
i 9 617                       668                       952                       729                       766                       804                       844                       886                       931                       977                       

412310 PERS Retirement
P
E 1 101,620                105,450                134,535                103,044                106,135                109,320                112,599                115,977                119,456                123,040                

412320 Medicare OASDI
M
e 1 6,025                    6,039                    8,480                    6,495                    6,690                    6,891                    7,097                    7,310                    7,530                    7,755                    

412400 Deferred Compensation
D
e 5 7,400                    6,109                    9,000                    6,893                    7,100                    7,313                    7,533                    7,759                    7,991                    8,231                    

413110 Overtime At Straight Rate 5 47                         -                        -                        -                        -                        -                        -                        -                        -                        -                        
413120 Overtime At 1.5 Rate

O
v 5 11,768                  1,017                    4,000                    3,064                    3,156                    3,250                    3,348                    3,448                    3,552                    3,658                    

413130 Overtime At Double Time Rate
O
v 5 12                         -                        200                       153                       158                       163                       167                       172                       178                       183                       

413210 Holiday O/T-StraightlNon-Sched
H
o 5 -                        -                        150                       115                       118                       122                       126                       129                       133                       137                       

419910 Salaries Adjustment Factor
S
a 5 -                        -                        -                        -                        -                        -                        -                        -                        -                        -                        

421000 Professional Services
P
r 1 3,568                    6,074                    13,000                  9,957                    10,256                  10,563                  10,880                  11,207                  11,543                  11,889                  

422100 Telephone
T
e 1 5,230                    5,360                    5,100                    3,906                    4,023                    4,144                    4,268                    4,397                    4,528                    4,664                    

422120 Telephone - Cellular
T
e 1 6,274                    5,572                    7,500                    5,744                    5,917                    6,094                    6,277                    6,465                    6,659                    6,859                    

423100 Equipment Rental
E
q 1 -                        -                        500                       383                       394                       406                       418                       431                       444                       457                       

423400 Motor Pool Equipment Rental
M
o 1 28,386                  29,290                  30,000                  22,978                  23,667                  24,377                  25,109                  25,862                  26,638                  27,437                  

424220 All Other Equip Maint/Repair
A
l 1 3,251                    3,013                    6,800                    5,208                    5,365                    5,525                    5,691                    5,862                    6,038                    6,219                    
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424230 Central Garage Charges
C
e 1 -                        343                       15,000                  11,489                  11,834                  12,189                  12,554                  12,931                  13,319                  13,718                  

425200 Periodicals & Dues
P
e 1 3,947                    2,024                    4,115                    3,152                    3,246                    3,344                    3,444                    3,547                    3,654                    3,763                    

425300 Photo & Recording Supplies
P
h 1 86                         -                        250                       191                       197                       203                       209                       216                       222                       229                       

425400 General Office Expense
G
e 1 8,381                    5,978                    8,600                    6,587                    6,785                    6,988                    7,198                    7,414                    7,636                    7,865                    

425500 Postage
P
o 3 159                       344                       500                       383                       391                       398                       406                       414                       422                       429                       

425600 Central Printing Charges
C
e 1 1,416                    1,879                    4,000                    3,064                    3,156                    3,250                    3,348                    3,448                    3,552                    3,658                    

425700 Software Purchase/Licensing
S
o 1 -                        226                       500                       383                       394                       406                       418                       431                       444                       457                       

425800 Computer Equip Purc Undr $5000
C
o 1 8,286                    5,556                    5,000                    3,830                    3,945                    4,063                    4,185                    4,310                    4,440                    4,573                    

426200 Clothing/Linen/Safety Supplies
C
l 1 5,759                    8,717                    10,000                  7,659                    7,889                    8,126                    8,370                    8,621                    8,879                    9,146                    

426300 Motor Fuels & Lubricants
M
o 1 320                       68                         500                       383                       394                       406                       418                       431                       444                       457                       

426700 Maintenance Tools/Supplies
M
a 1 6,493                    12,867                  5,000                    3,830                    3,945                    4,063                    4,185                    4,310                    4,440                    4,573                    

426710 Work Boot Reimbursement 1 -                        -                        1,200                    919                       947                       975                       1,004                    1,034                    1,066                    1,097                    
426800 Special Department Supplies

S
p 1 742                       1,960                    6,000                    4,596                    4,733                    4,875                    5,022                    5,172                    5,328                    5,487                    

427100 Travel & Meeting Expense
T
r 1 1,282                    26                         1,000                    766                       789                       813                       837                       862                       888                       915                       

427200 Training
T
r 1 2,420                    5,600                    9,500                    7,276                    7,495                    7,719                    7,951                    8,190                    8,435                    8,688                    

428400 Insurance I All Other
I
n 9 15,593                  14,206                  29,638                  22,701                  23,836                  25,027                  26,279                  27,593                  28,972                  30,421                  

448000 Employee Meal Allowance 1 -                        -                        50                         38                         39                         41                         42                         43                         44                         46                         
462100 Automotive Equipment 1 -                        24,585                  -                        -                        -                        -                        -                        -                        -                        -                        
881100 General Fund Allocation Chgs 1 23,084                  16,822                  62,642                  47,979                  49,419                  50,901                  52,428                  54,001                  55,621                  57,290                  
881200 Central Service Alloc Charges 1 40,953                  32,852                  -                        -                        -                        -                        -                        -                        -                        -                        
0000 Bereavement Leave

B
e 1 3,388                    3,489                    2,672                    2,753                    2,835                    2,920                    3,008                    3,098                    3,191                    

0000 Maint/Repair of Bldgs & Improv
M
a 1 -                        -                        -                        -                        -                        -                        -                        -                        -                        

0000 Janitorial Supplies
J
a 1 -                        -                        -                        -                        -                        -                        -                        -                        -                        

0000 [Other] 1 -                        -                        -                        -                        -                        -                        

Total Public Works / PW-Sewer-Environmental Complia 834,840$              848,019$             1,076,770$          824,729$             851,538$             879,255$             907,912$              937,543$              968,183$             999,867$             

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013
Public Works / PW-Sewer Systems-Plant Maint 2006 2007 2008 2008 2009 2010 2011 2012 2013 2014

411100 Salaries-Regular
S
a 5 1,224,471$           1,316,299$           1,855,193$           1,495,886$           1,540,762$           1,586,985$           1,634,594$           1,683,632$           1,734,141$           1,786,166$           

411110 Salaries-Temp & Part Time
S
a 5 1,630                    2,330                    -                        -                        -                        -                        -                        -                        -                        -                        

411130 Compensatory Time
C
o 5 27,967                  23,056                  -                        -                        -                        -                        -                        -                        -                        -                        

411210 Vacation
V
a 5 84,985                  83,608                  -                        -                        -                        -                        -                        -                        -                        -                        

411220 Holidays & Special Days Off
H
o 5 58,995                  69,409                  -                        -                        -                        -                        -                        -                        -                        -                        

411240 Sick Leave
S
i 5 38,655                  41,449                  -                        -                        -                        -                        -                        -                        -                        -                        

411245 Family Illness Sick Leave
F
a 5 7,147                    7,300                    -                        -                        -                        -                        -                        -                        -                        -                        

411250 Industrial Accident 5 29                         -                        -                        -                        -                        -                        -                        -                        -                        -                        
411260 Bereavement Leave

B
e 5 4,368                    5,715                    -                        -                        -                        -                        -                        -                        -                        -                        

411280 Jury Duty
J
u 5 5,889                    14,278                  -                        -                        -                        -                        -                        -                        -                        -                        

411292 Administrative Leave
A
d 5 3,735                    9,421                    -                        -                        -                        -                        -                        -                        -                        -                        

411410 Vacation Payoffs
V
a 5 4,754                    9,735                    -                        -                        -                        -                        -                        -                        -                        -                        

411420 Sick Leave Payoff 5 1,143                    -                        -                        -                        -                        -                        -                        -                        -                        -                        
411430 Compensatory Time Payoff

C
o 5 3,049                    1,513                    -                        -                        -                        -                        -                        -                        -                        -                        

411510 Accrued Payroll
A
c 5 7,338                    (7,338)                   -                        -                        -                        -                        -                        -                        -                        -                        

411521 Accrued Sick Leave Yr End Only 5 25,068                  -                        -                        -                        -                        -                        -                        -                        -                        -                        
411522 Accrued Vacation Year-End Only 5 990                       -                        -                        -                        -                        -                        -                        -                        -                        -                        
411530 Accrued Comp. Time Earned 5 949                       -                        -                        -                        -                        -                        -                        -                        -                        -                        
412210 Workers Compensation Ins

W
o 9 46,164                  35,058                  69,078                  55,699                  58,484                  61,408                  64,479                  67,703                  71,088                  74,642                  

412220 Health Insurance
H
e 9 172,522                198,581                302,363                243,802                255,992                268,792                282,232                296,343                311,160                326,718                

412221 Retiree Health Insurance
R
e 9 2,594                    2,647                    -                        -                        -                        -                        -                        -                        -                        -                        

412222 Dental Insurance
D
e 9 10,083                  11,218                  16,614                  13,396                  14,066                  14,769                  15,508                  16,283                  17,097                  17,952                  

412230 Life Insurance
L
i 9 3,045                    3,712                    4,861                    3,920                    4,116                    4,321                    4,537                    4,764                    5,002                    5,253                    

412240 Unemployment Insurance
U
n 9 968                       893                       906                       731                       767                       805                       846                       888                       932                       979                       

412250 Disability Insurance
D
i 9 3,002                    2,921                    3,944                    3,180                    3,339                    3,506                    3,681                    3,865                    4,059                    4,262                    

412310 PERS Retirement
P
E 1 341,269                361,085                426,686                344,047                354,368                364,999                375,949                387,228                398,845                410,810                

412320 Medicare OASDI
M
e 1 19,004                  19,981                  26,885                  21,678                  22,328                  22,998                  23,688                  24,399                  25,131                  25,885                  

412330 City Retirement Plan
C
i 1 134                       129                       -                        -                        -                        -                        -                        -                        -                        -                        

412400 Deferred Compensation
D
e 5 13,600                  22,727                  18,000                  14,514                  14,949                  15,398                  15,860                  16,335                  16,825                  17,330                  
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413110 Overtime At Straight Rate
O
v 5 2,628                    1,333                    10,000                  8,063                    8,305                    8,554                    8,811                    9,075                    9,347                    9,628                    

413120 Overtime At 1.5 Rate
O
v 5 59,285                  34,707                  35,000                  28,221                  29,068                  29,940                  30,838                  31,763                  32,716                  33,698                  

413130 Overtime At Double Time Rate
O
v 5 4,789                    3,256                    5,000                    4,032                    4,153                    4,277                    4,405                    4,538                    4,674                    4,814                    

413210 Holiday 0/T-Straight/Non-Sched
H
o 5 -                        -                        1,000                    806                       831                       855                       881                       908                       935                       963                       

413230 Holiday OIT-Strt/Subj To Retir
H
o 5 700                       829                       -                        -                        -                        -                        -                        -                        -                        -                        

419910 Salaries Adjustment Factor
S
a 5 -                        -                        -                        -                        -                        -                        -                        -                        -                        -                        

421000 Professional Services
P
r 1 101,960                28,134                  101,500                81,842                  84,297                  86,826                  89,431                  92,114                  94,877                  97,723                  

422100 Telephone
T
e 1 6,018                    6,205                    6,000                    4,838                    4,983                    5,133                    5,287                    5,445                    5,608                    5,777                    

422120 Telephone - Cellular
T
e 1 5,191                    6,958                    8,500                    6,854                    7,059                    7,271                    7,489                    7,714                    7,945                    8,184                    

422700 Refuse/Disposal Fees
R
e 3 4,860                    6,769                    12,000                  9,676                    9,867                    10,063                  10,260                  10,456                  10,653                  10,849                  

423100 Equipment Rental
E
q 1 2,990                    376                       14,300                  11,530                  11,876                  12,233                  12,600                  12,978                  13,367                  13,768                  

423400 Motor Pool Equipment Rental
M
o 1 63,346                  61,481                  68,000                  54,830                  56,475                  58,169                  59,914                  61,712                  63,563                  65,470                  

424120 Constr & Maint Materials
C
o 1 810                       -                        5,000                    4,032                    4,153                    4,277                    4,405                    4,538                    4,674                    4,814                    

424130 Maint/Repair of Bldgs & Improv
M
a 1 (484,960)               (353,776)               86,600                  69,828                  71,922                  74,080                  76,303                  78,592                  80,949                  83,378                  

424200 Maintenance & Repair - General
M
a 1 6,456                    8,914                    -                        -                        -                        -                        -                        -                        -                        -                        

424210 Auto Equip Repair/Parts/Sere 1 18                         -                        -                        -                        -                        -                        -                        -                        -                        -                        
424220 All Other Equip Maint/Repair

A
l 1 210,441                292,862                397,160                320,239                329,847                339,742                349,934                360,432                371,245                382,383                

424230 Central Garage Charges
C
e 1 26,173                  25,979                  30,000                  24,190                  24,915                  25,663                  26,433                  27,226                  28,042                  28,884                  

424240 Central Communications Chg
C
e 1 5,571                    5,404                    9,600                    7,741                    7,973                    8,212                    8,458                    8,712                    8,974                    9,243                    

425200 Periodicals & Dues
P
e 1 1,938                    2,165                    2,000                    1,613                    1,661                    1,711                    1,762                    1,815                    1,869                    1,926                    

425400 General Office Expense
G
e 1 12,916                  5,203                    8,700                    7,015                    7,225                    7,442                    7,665                    7,895                    8,132                    8,376                    

425700 Software Purchase/Licensing
S
o 1 1,587                    589                       1,500                    1,209                    1,246                    1,283                    1,322                    1,361                    1,402                    1,444                    

425800 Computer Equip Purc Undr $5000
C
o 1 4,444                    11,118                  12,000                  9,676                    9,966                    10,265                  10,573                  10,890                  11,217                  11,554                  

426100 Janitorial Supplies
J
a 1 12,248                  6,743                    6,000                    4,838                    4,983                    5,133                    5,287                    5,445                    5,608                    5,777                    

426200 Clothing/Linen/Safety Supplies
C
l 1 38,144                  24,832                  31,787                  25,631                  26,400                  27,192                  28,007                  28,847                  29,713                  30,604                  

426300 Motor Fuels & Lubricants
M
o 1 11,133                  6,771                    11,000                  8,870                    9,136                    9,410                    9,692                    9,983                    10,282                  10,591                  

426400 Horticultural Supplies
H
o 1 5,224                    3,891                    15,500                  12,498                  12,873                  13,259                  13,657                  14,067                  14,489                  14,923                  

426600 Chemical Supplies
C
h 7 -                        352                       5,100                    4,112                    4,317                    4,532                    4,757                    4,990                    5,234                    5,487                    

426700 Maintenance Tools/Supplies
M
a 1 17,931                  8,606                    10,100                  8,144                    8,388                    8,640                    8,899                    9,166                    9,441                    9,724                    

426710 Work Boot Reimbursement 1 -                        -                        4,500                    3,628                    3,737                    3,849                    3,965                    4,084                    4,206                    4,333                    
426800 Special Department Supplies

S
p 1 12,019                  12,232                  11,650                  9,394                    9,675                    9,966                    10,265                  10,573                  10,890                  11,217                  

427200 Training
T
r 1 5,942                    29,060                  22,100                  17,820                  18,354                  18,905                  19,472                  20,056                  20,658                  21,278                  

428400 Insurance / All Other
 
I 9 53,949                  49,604                  93,992                  75,788                  79,577                  83,556                  87,734                  92,121                  96,727                  101,563                

448000 Employee Meal Allowance
E
m 1 -                        -                        102                       82                         85                         87                         90                         93                         95                         98                         

450011 Clark Fund Botany Gallery
E
q 1 19                         (45)                        -                        -                        -                        -                        -                        -                        -                        -                        

462100 Automotive Equipment 2 -                        24,773                  -                        -                        -                        -                        -                        -                        -                        -                        
462200 Machinery & Equip 2 -                        502                       -                        -                        -                        -                        -                        -                        -                        -                        
881100 General Fund Allocation Chgs

G
e 1 38,673                  31,352                  217,586                175,445                180,708                186,129                191,713                197,465                203,388                209,490                

881200 Central Service Alloc Charges
C
e 1 152,894                144,072                -                        -                        -                        -                        -                        -                        -                        -                        

882540 Utilization Chgs from 540 Fund
U
t 1 -                        95,933                  -                        -                        -                        -                        -                        -                        -                        -                        

884101 Interfund Charges from 101 Fnd
I
n 1 113                       -                        -                        -                        -                        

894540 Interfund Services to 540 Fund 1 105,526                (139)                      -                        -                        -                        -                        -                        -                        -                        -                        
0000  Interfund Charges from 540 Fnd

 
I 1 -                        -                        -                        -                        -                        -                        -                        -                        -                        

0000 Postage
P
o 1 32                         33                         27                         27                         28                         29                         30                         31                         32                         

0000 Travel & Meeting Expense
T
r 1 901                       928                       748                       771                       794                       818                       842                       868                       894                       

0000 [Other] 1 -                        -                        -                        -                        -                        -                        

Total Public Works / PW-Sewer Systems-Plant Maint 2,604,523$           2,823,702$          3,968,768$          3,200,110$          3,304,026$          3,411,460$          3,522,530$           3,637,366$           3,756,103$          3,878,881$          

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013
Public Works / PW-Sewer-Laboratory Services 2006 2007 2008 2008 2009 2010 2011 2012 2013 2014

411100 Salaries - Regular
S
a 5 297,620$              318,594$              399,589$              312,167$              321,532$              331,178$              341,114$              351,347$              361,888$              372,744$              

411110 Salaries-Temp & Part Time
S
a 5 8,751                    1,101                    -                        -                        -                        -                        -                        -                        -                        -                        

411130 Compensatory Time
C
o 5 4,164                    3,244                    -                        -                        -                        -                        -                        -                        -                        -                        

411210 Vacation
V
a 5 18,043                  27,820                  -                        -                        -                        -                        -                        -                        -                        -                        

411220 Holidays & Special Days Off
H
o 5 13,004                  16,293                  -                        -                        -                        -                        -                        -                        -                        -                        

411240 Sick Leave
S
i 5 7,881                    8,606                    -                        -                        -                        -                        -                        -                        -                        -                        

411245 Family Illness Sick Leave
F
a 5 2,420                    1,851                    -                        -                        -                        -                        -                        -                        -                        -                        

411250 Industrial Accident
I
n 5 791                       139                       -                        -                        -                        -                        -                        -                        -                        -                        
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411260 Bereavement Leave 5 1,392                    -                        -                        -                        -                        -                        -                        -                        -                        -                        
411430 Compensatory Time Payoff 5 433                       -                        -                        -                        -                        -                        -                        -                        -                        -                        
411510 Accrued Payroll

A
c 5 1,757                    (1,758)                   -                        -                        -                        -                        -                        -                        -                        -                        

411521 Accrued Sick Leave Yr End Only 5 11,561                  -                        -                        -                        -                        -                        -                        -                        -                        -                        
411522 Accrued Vacation Year-End Only 5 8,168                    -                        -                        -                        -                        -                        -                        -                        -                        -                        
411530 Accrued Comp. Time Earned 5 (794)                      -                        -                        -                        -                        -                        -                        -                        -                        -                        
412210 Workers Compensation Ins

W
o 9 8,619                    6,626                    14,875                  11,621                  12,202                  12,812                  13,452                  14,125                  14,831                  15,573                  

412220 Health Insurance
H
e 9 44,655                  49,366                  53,086                  41,472                  43,546                  45,723                  48,009                  50,409                  52,930                  55,576                  

412221 Retiree Health Insurance
R
e 9 694                       806                       -                        -                        -                        -                        -                        -                        -                        -                        

412222 Dental Insurance
D
e 9 2,032                    2,479                    2,755                    2,152                    2,260                    2,373                    2,492                    2,616                    2,747                    2,884                    

412230 Life Insurance
L
i 9 526                       588                       1,046                    817                       858                       901                       946                       993                       1,043                    1,095                    

412240 Unemployment Insurance
U
n 9 179                       168                       198                       155                       162                       171                       179                       188                       197                       207                       

412250 Disability Insurance
D
i 9 666                       685                       680                       531                       558                       586                       615                       646                       678                       712                       

412310 PERS Retirement
P
E 1 70,696                  75,393                  91,902                  71,796                  73,950                  76,168                  78,453                  80,807                  83,231                  85,728                  

412320 Medicare OASDI
M
e 1 4,544                    4,616                    5,790                    4,523                    4,659                    4,799                    4,943                    5,091                    5,244                    5,401                    

412400 Deferred Compensation
D
e 5 2,400                    3,055                    3,000                    2,344                    2,414                    2,486                    2,561                    2,638                    2,717                    2,798                    

413120 Overtime At 1.5 Rate
O
v 5 2,383                    327                       2,000                    1,562                    1,609                    1,658                    1,707                    1,759                    1,811                    1,866                    

413210 Holiday OfT-Straight/Non-Sched
H
o 5 -                        -                        1,000                    781                       805                       829                       854                       879                       906                       933                       

413220 Holiday OIT-1.5 Rate/Non-Sched 5 388                       -                        -                        -                        -                        -                        -                        -                        -                        -                        
413230 Holiday OIT-Strt/Subj To Retir

-
H 5 1,773                    805                       2,000                    1,562                    1,609                    1,658                    1,707                    1,759                    1,811                    1,866                    

419910 Salaries Adjustment Factor
S
a 5 -                        -                        -                        -                        -                        -                        -                        -                        -                        -                        

421000 Professional Services
P
r 1 66,007                  45,527                  93,100                  72,732                  74,914                  77,161                  79,476                  81,860                  84,316                  86,845                  

422100 Telephone
T
e 1 2,306                    2,175                    2,500                    1,953                    2,012                    2,072                    2,134                    2,198                    2,264                    2,332                    

422120 Telephone - Cellular
T
e 1 361                       448                       1,000                    781                       805                       829                       854                       879                       906                       933                       

424220 All Other Equip Maint/Repair
A
l 1 18,623                  12,466                  30,000                  23,437                  24,140                  24,864                  25,610                  26,378                  27,169                  27,985                  

424230 Central Garage Charges
C
e 1 -                        -                        2,040                    1,594                    1,642                    1,691                    1,741                    1,794                    1,848                    1,903                    

425200 Periodicals & Dues
P
e 1 4,291                    576                       7,800                    6,094                    6,276                    6,465                    6,659                    6,858                    7,064                    7,276                    

425400 General Office Expense
G
e 1 3,316                    964                       5,000                    3,906                    4,023                    4,144                    4,268                    4,396                    4,528                    4,664                    

425600 Central Printing Charges 1 58                         -                        -                        -                        -                        -                        -                        -                        -                        -                        
425700 Software Purchase/Licensing

S
o 1 -                        -                        1,020                    797                       821                       845                       871                       897                       924                       951                       

425800 Computer Equip Purc Undr $5000
C
o 1 2,500                    1,978                    1,000                    781                       805                       829                       854                       879                       906                       933                       

426100 Janitorial Supplies
J
a 1 194                       385                       150                       117                       121                       124                       128                       132                       136                       140                       

426200 Clothing/Linen/Safety Supplies
C
l 1 4,956                    6,661                    9,929                    7,757                    7,989                    8,229                    8,476                    8,730                    8,992                    9,262                    

426300 Motor Fuels & Lubricants
M
o 1 71                         -                        150                       117                       121                       124                       128                       132                       136                       140                       

426600 Chemical Supplies
C
h 7 12,702                  11,721                  19,500                  15,234                  15,991                  16,789                  17,621                  18,487                  19,389                  20,328                  

426700 Maintenance Tools/Supplies
M
a 1 -                        7                           200                       156                       161                       166                       171                       176                       181                       187                       

426710 Work Boot Reimbursement 1 -                        -                        900                       703                       724                       746                       768                       791                       815                       840                       
426800 Special Department Supplies

S
p 1 38,859                  44,770                  68,500                  53,514                  55,119                  56,773                  58,476                  60,230                  62,037                  63,898                  

427100 Travel & Meeting Expense
T
r 1 3,065                    -                        2,000                    1,562                    1,609                    1,658                    1,707                    1,759                    1,811                    1,866                    

427200 Training
T
r 1 2,420                    1,991                    9,000                    7,031                    7,242                    7,459                    7,683                    7,913                    8,151                    8,395                    

428400 Insurance / All Other
I
n 9 10,071                  9,374                    20,245                  15,816                  16,607                  17,437                  18,309                  19,224                  20,185                  21,195                  

462200 Machinery & Equip 2 5,448                    -                        -                        -                        -                        -                        -                        -                        -                        -                        
881100 General Fund Allocation Chgs 1 6,984                    5,233                    55,863                  43,641                  44,951                  46,299                  47,688                  49,119                  50,592                  52,110                  
881200 Central Service Alloc Charges 1 44,181                  36,697                  -                        -                        -                        -                        -                        -                        -                        -                        
0000 Jury Duty J

u
1 877                       904                       706                       727                       749                       771                       795                       818                       843                       

0000 Administrative Leave A
d

1 314                       323                       252                       260                       268                       276                       284                       293                       301                       
0000 Night Shift Premium N

i
1 59                         60                         47                         49                         50                         51                         53                         55                         56                         

0000 Temporary Foreman Pay T
e

1 284                       293                       229                       236                       243                       250                       258                       265                       273                       
0000 Overtime At Straight Rate O

v
1 211                       218                       170                       175                       180                       186                       191                       197                       203                       

0000 [Other] -                        
0006 [Other] 1 -                        -                        -                        -                        -                        -                        
0000 [Other] 1 -                        -                        -                        -                        -                        -                        
0000 [Other] 1 -                        -                        -                        -                        -                        -                        

Total Public Works / PW-Sewer-Laboratory Services 741,159$              703,522$             909,616$             710,611$             733,681$             757,534$             782,188$              807,671$              834,012$             861,243$             

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013
Public Works / PW-Sewer Systems Debt Service 2006 2007 2008 2008 2009 2010 2011 2012 2013 2014

481000 SRF Loan - Headworks Project [CALCULATED] 477,387.05$         477,387.04$         477,387.04$         477,387.05$         477,387.05$         477,387.05$         477,387.05$         477,387.05$         477,387.05$         477,387.05$         
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481020 SRF Loan - Cogeneration Project [CALCULATED] 339,474                339,474                339,474                339,474                339,474                339,474                339,474                339,474                339,474                339,474                
482000 Sewer Refunding Revenue Bond [CALCULATED] 4,900,000             4,869,000             4,869,000             4,861,000             4,852,000             4,839,000             4,876,000             4,870,000             4,864,000             -                        
0000 Pension Obligation Bonds (POB) [CALCULATED] 298,011                298,011                298,011                298,011                298,011                298,011                298,011                298,011                298,011                298,011                
0000 Revenue Bonds - NEW [CALCULATED] -                        -                        -                        1,638,768             2,968,433             8,976,697             14,987,454           19,534,040           21,718,261           
0000 SRF Loan - NEW [CALCULATED] -                        -                        -                        -                        -                        -                        -                        -                        -                        
0000 [Other] 1 -                        -                        -                        -                        -                        -                        
0000 [Other] 1 -                        -                        -                        -                        -                        -                        
0000 [Other] 1 -                        -                        -                        -                        -                        -                        
0000 [Other] 1 -                        -                        -                        -                        -                        -                        
0000 [Other] 1 -                        -                        -                        -                        -                        -                        

Total Public Works / PW-Sewer Systems Debt Service 6,014,872$           5,983,872$           5,983,872$           5,975,872$           7,605,640$           8,922,305$           14,967,569$         20,972,326$         25,512,912$         22,833,133$         

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013
Public Works I PW-Sewer Sys-CoGen/Landfill 2006 2007 2008 2008 2009 2010 2011 2012 2013 2014

411100 Salaries - Regular
S
a 5 88,975$                92,232$                119,042$              81,310$                83,750$                86,262$                88,850$                91,516$                94,261$                97,089$                

411210 Vacation
V
a 5 7,183                    19,186                  -                        -                        -                        -                        -                        -                        -                        -                        

411220 Holidays & Special Days Off
H
o 5 2,542                    481                       -                        -                        -                        -                        -                        -                        -                        -                        

411240 Sick Leave
S
i 5 4,279                    1,230                    -                        -                        -                        -                        -                        -                        -                        -                        

411245 Family Illness Sick Leave
F
a 5 1,059                    781                       -                        -                        -                        -                        -                        -                        -                        -                        

411510 Accrued Payroll
A
c 5 678                       (679)                      -                        -                        -                        -                        -                        -                        -                        -                        

411521 Accrued Sick Leave Yr End Only 5 471                       -                        -                        -                        -                        -                        -                        -                        -                        -                        
411522 Accrued Vacation Year-End Only 5 1,588                    -                        -                        -                        -                        -                        -                        -                        -                        -                        
411530 Accrued Comp. Time Earned 5 46                         -                        -                        -                        -                        -                        -                        -                        -                        -                        
412210 Workers Compensation Ins

W
o 9 2,688                    2,004                    4,431                    3,027                    3,178                    3,337                    3,504                    3,679                    3,863                    4,056                    

412220 Health Insurance
H
e 9 17,220                  18,758                  19,830                  13,545                  14,222                  14,933                  15,680                  16,464                  17,287                  18,151                  

412221 Retiree Health Insurance
R
e 9 275                       293                       -                        -                        -                        -                        -                        -                        -                        -                        

412222 Dental Insurance
D
e 9 911                       985                       1,076                    735                       772                       810                       851                       893                       938                       985                       

412230 Life Insurance
L
i 9 50                         50                         298                       204                       214                       224                       236                       247                       260                       273                       

412240 Unemployment Insurance
U
n 9 56                         51                         58                         40                         42                         44                         46                         48                         51                         53                         

412250 Disability Insurance
D
i 9 271                       274                       272                       186                       195                       205                       215                       226                       237                       249                       

412310 PERS Retirement
P
E 1 21,749                  23,005                  27,378                  18,700                  19,261                  19,839                  20,434                  21,047                  21,679                  22,329                  

412320 Medicare OASDI
M
e 1 900                       1,040                    1,727                    1,180                    1,215                    1,251                    1,289                    1,328                    1,367                    1,409                    

413110 Overtime At Straight Rate
O
v 5 8,103                    10,665                  7,000                    4,781                    4,925                    5,072                    5,225                    5,381                    5,543                    5,709                    

413120 Overtime At 1.5 Rate
O
v 5 16,672                  20,034                  25,000                  17,076                  17,588                  18,116                  18,659                  19,219                  19,796                  20,390                  

413130 Overtime At Double Time Rate
O
v 5 3,177                    731                       5,000                    3,415                    3,518                    3,623                    3,732                    3,844                    3,959                    4,078                    

413210 Holiday OIT-Straight/Non-Sched
H
o 5 635                       1,923                    -                        -                        -                        -                        -                        -                        -                        -                        

413230 Holiday OIf-Strt/Subj To Retir
H
o 5 1,482                    2,394                    -                        -                        -                        -                        -                        -                        -                        -                        

419910 Salaries Adjustment Factor
S
a 5 -                        -                        -                        -                        -                        -                        -                        -                        -                        -                        

421000 Professional Services 1 86,355                  -                        180,700                123,425                127,128                130,942                134,870                138,916                143,084                147,376                
421043 Prof Svcs Regulatory Comp 1 -                        -                        50,000                  34,152                  35,177                  36,232                  37,319                  38,438                  39,591                  40,779                  
422100 Telephone 1 216                       -                        1,000                    683                       704                       725                       746                       769                       792                       816                       
422120 Telephone - Cellular

T
e 1 1,240                    1,408                    2,100                    1,434                    1,477                    1,522                    1,567                    1,614                    1,663                    1,713                    

422200 Electric
E
l 7 40,973                  32,381                  62,000                  42,348                  44,454                  46,673                  48,984                  51,392                  53,899                  56,511                  

422300 Gas
G
a 1 143,768                153,397                550,000                375,672                386,942                398,550                410,507                422,822                435,506                448,572                

422500 Water
W
a 1 339                       479                       1,000                    683                       704                       725                       746                       769                       792                       816                       

422600 Other Utilities
O
t 1 1,240                    935                       1,200                    820                       844                       870                       896                       923                       950                       979                       

422700 Refuse/Disposal Fees
R
e 3 -                        -                        2,000                    1,366                    1,393                    1,421                    1,448                    1,476                    1,504                    1,532                    

423100 Equipment Rental
E
q 1 -                        -                        1,200                    820                       844                       870                       896                       923                       950                       979                       

424130 Maint/Repair of Bldgs & Improv
M
a 1 1,361                    12                         5,000                    3,415                    3,518                    3,623                    3,732                    3,844                    3,959                    4,078                    

424200 Maintenance & Repair - General
M
a 1 1,814                    -                        -                        -                        -                        -                        -                        -                        -                        -                        

424220 All Other Equip Maint/Repair
A
l 1 58,918                  56,054                  488,700                333,801                343,815                354,130                364,754                375,696                386,967                398,576                

424230 Central Garage Charges
C
e 1 -                        -                        2,040                    1,393                    1,435                    1,478                    1,523                    1,568                    1,615                    1,664                    

425200 Periodicals & Dues
P
e 1 330                       240                       400                       273                       281                       290                       299                       308                       317                       326                       

425400 General Office Expense
G
e 1 150                       30                         1,000                    683                       704                       725                       746                       769                       792                       816                       

426100 Janitorial Supplies
J
a 1 54                         17                         250                       171                       176                       181                       187                       192                       198                       204                       

426200 Clothing/Linen/Safety Supplies
C
l 1 604                       493                       1,554                    1,061                    1,093                    1,126                    1,160                    1,195                    1,231                    1,267                    

426300 Motor Fuels & Lubricants
M
o 1 7,281                    17,876                  30,000                  20,491                  21,106                  21,739                  22,391                  23,063                  23,755                  24,468                  

426600 Chemical Supplies
C
h 7 1,037                    -                        12,700                  8,675                    9,106                    9,560                    10,034                  10,527                  11,041                  11,576                  

426700 Maintenance Tools/Supplies
M
a 1 1,085                    45                         1,000                    683                       704                       725                       746                       769                       792                       816                       
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426710 Work Boot Reimbursement 1 -                        -                        300                       205                       211                       217                       224                       231                       238                       245                       
426800 Special Department Supplies

S
p 1 209                       529                       500                       342                       352                       362                       373                       384                       396                       408                       

427100 Travel & Meeting Expense
T
r 1 -                        -                        510                       348                       359                       370                       381                       392                       404                       416                       

427200 Training
T
r 1 1,585                    352                       3,261                    2,227                    2,294                    2,363                    2,434                    2,507                    2,582                    2,660                    

428400 Insurance / All Other
I
n 9 3,141                    2,835                    6,031                    4,119                    4,325                    4,542                    4,769                    5,007                    5,258                    5,520                    

448000 Employee Meal Allowance 1 -                        -                        153                       105                       108                       111                       114                       118                       121                       125                       
881100 General Fund Allocation Chgs 1 7,782                    3,850                    81,928                  55,960                  57,639                  59,368                  61,149                  62,984                  64,873                  66,819                  
881200 Central Service Alloc Charges 1 42,180                  59,795                  -                        -                        -                        -                        -                        -                        -                        -                        
0000 Compensatory Time

C
o 1 406                       418                       285                       294                       303                       312                       321                       331                       341                       

0000 Administrative Leave
A
d 1 60                         62                         42                         44                         45                         46                         48                         49                         50                         

0000 [Other] 1 -                        -                        -                        -                        -                        -                        
0000 [Other] 1 -                        -                        -                        -                        -                        -                        

Total Public Works I PW-Sewer Sys-CoGen/Landfill 582,672$              526,633$             1,698,119$          1,159,882$          1,196,108$          1,233,502$          1,272,072$           1,311,855$           1,352,889$          1,395,214$          

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013
Public Works / PW-Sewer-Capital Project Serv 2006 2007 2008 2008 2009 2010 2011 2012 2013 2014

422100 Telephone
T
e 1 -$                      -$                      2,500$                  160$                     165$                     170$                     175$                     180$                     185$                     191$                     

422120 Telephone - Cellular
T
e 1 -                        -                        3,000                    192                       198$                     204$                     210$                     216$                     222$                     229$                     

424220 All Other Equip Maint/Repair
A
l 1 -                        77                         5,500                    352                       362$                     373$                     384$                     396$                     408$                     420$                     

425200 Periodicals & Dues
P
e 1 -                        -                        2,600                    166                       171$                     176$                     182$                     187$                     193$                     199$                     

425300 Photo & Recording Supplies
P
h 1 -                        -                        1,300                    83                         86$                       88$                       91$                       94$                       96$                       99$                       

425400 General Office Expense
G
e 1 1,979                    -                        2,325                    149                       153$                     158$                     162$                     167$                     172$                     178$                     

425500 Postage
P
o 3 -                        -                        200                       13                         13$                       13$                       14$                       14$                       14$                       14$                       

425600 Central Printing Charges
C
e 1 -                        -                        1,000                    64                         66$                       68$                       70$                       72$                       74$                       76$                       

426800 Special Department Supplies
S
p 1 -                        -                        1,600                    102                       105$                     109$                     112$                     115$                     119$                     122$                     

427100 Travel & Meeting Expense
T
r 1 -                        -                        2,000                    128                       132$                     136$                     140$                     144$                     148$                     153$                     

427200 Training
T
r 1 -                        -                        1,800                    115                       119$                     122$                     126$                     130$                     133$                     137$                     

0000 [Other] 1 -                        -                        -                        -                        -$                      -$                      -$                      -$                      -$                      -$                      
0000 [Other] 1 -                        -                        -                        -                        -                        -                        -                        -                        -                        -                        

Total Public Works / PW-Sewer-Capital Project Serv 1,979$                  77$                      23,825$               1,523$                 1,569$                 1,616$                 1,664$                  1,714$                  1,765$                 1,818$                 

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013
Additional O&M Treatment Costs (developed by Carollo) 2006 2007 2008 2008 2009 2010 2011 2012 2013 2014

0000 New Headworks [CALCULATED]
0000 Biofilters [CALCULATED] -                        -                        93,000                  
0000 Primary Clarifiers [CALCULATED]
0000 Primary Sludge Pump Station [CALCULATED]
0000 Primary Effluent EQ [CALCULATED] -                        -                        80,000                  
0000 Primary EQ Pumps [CALCULATED] -                        -                        53,000                  
0000 Fine (perforated) Screens [CALCULATED] -$                      
0000 MBR Facility and RAS/WAS Pumps [CALCULATED] -                        -                        389,000                
0000 Primary Sludge Thickeners (GBTs) [CALCULATED] -                        -                        407,000                
0000 WAS Thickeners (GBTs) [CALCULATED]
0000 Chlorine Contact Basin [CALCULATED]
0000 Acid-Phase Digester [CALCULATED] -                        428,000                
0000 Cogeneration Engines [CALCULATED]
0000 Fuel Cells [CALCULATED]
0000 Reclaim and Reuse Water [CALCULATED] -                        255,000                278,000                297,000                313,000                
0000 Energy Management [CALCULATED]
0000 [Other] [CALCULATED]
0000 [Other] [CALCULATED]

Total Additional O&M Treatment Costs (developed by Carollo) -$                     -$                     -$                     -$                     -$                     -$                     255,000$              278,000$              297,000$             1,763,000$          

Total Operating Expenditures 25,519,148$         26,812,718$         35,165,547$         31,238,299$         33,867,062$         36,976,229$         44,718,842$         52,349,531$         58,510,624$         58,668,024$         

FY 2005 FY 2006 FY 2007 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013
Replacement Funding 2006 2007 2008 2008 2009 2010 2011 2012 2013 2014

Replacement Funding 2 -$                      -$                      -$                      -$                      -$                      -$                      -$                      -$                      -$                      -$                      

-$                     -$                     -$                     -$                     -$                     -$                     -$                      -$                      -$                     -$                     

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

Customer Growth

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

Insurance Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

General Cost Inflation

Capital Cost Inflation

Prepared by Carollo Engineers Page 11 12/21/2007



City of Riverside
WASTEWATER FINANCIAL ANALYSIS
Debt Service

TOTAL DEBT SERVICE
FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015

Total Debt Service 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Principal Payments 4,036,437$        4,284,195$        4,547,463$        4,826,257$        5,623,915$        6,283,754$        8,235,317$        5,331,552$        6,444,402$        6,892,663$        
Interest Payments 1,947,435          1,691,677          3,058,178          4,096,048        9,343,655        14,688,571      17,277,595      17,501,581      17,857,145       18,220,612        

Total Annual Payments 5,983,872          5,975,872          7,605,640          8,922,305          14,967,569        20,972,326        25,512,912        22,833,133        24,301,547        25,113,275        
Added Reserve Requirement $0 $0 $2,979,579 $2,417,572 $10,027,178 $10,200,889 $5,248,053 $900,550 $1,090,029 $1,204,777

Senior Bond Debt Service

Principal Payments 4,036,437$        4,284,195$        4,547,463$        4,826,257$        5,623,915$        6,283,754$        8,235,317$        5,331,552$        6,444,402$        6,892,663$        
Interest Payments 1,947,435          1,691,677          3,058,178          4,096,048        9,343,655        14,688,571      17,277,595      17,501,581      17,857,145       18,220,612        

Total Annual Payments 5,983,872$        5,975,872$        7,605,640$        8,922,305$        14,967,569$      20,972,326$      25,512,912$      22,833,133$      24,301,547$      25,113,275$      

Junior Bond Debt Service

Principal Payments -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  
Interest Payments -                    -                    -                   -                  -                  -                  -                  -                  -                   -                    

Total Annual Payments -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  

EXISTING DEBT SERVICE
FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015

Total Existing Senior Bond Debt 2007 FY 2008 2009 2010 2011 2012 2013 2014 2015 2016

Principal Payments 4,036,437$        4,284,195$        4,547,463$        4,826,257$        5,130,598$        5,365,505$        5,610,998$        887,098$           908,827$           931,209$           
Interest Payments 1,947,435          1,691,677          1,419,409          1,127,615        860,274           619,367           367,874           227,774           206,045            183,663             

Total Annual Payments 5,983,872$        5,975,872$        5,966,872$        5,953,872$        5,990,872$        5,984,872$        5,978,872$        1,114,872$        1,114,872$        1,114,872$        

SRF Loan - Headworks Project

Principal Payments 4,735,503$        380,326$           387,034$           393,861$           400,808$           407,877$           415,071$           422,393$           429,843$           437,425$           445,140$           
Interest Payments 97,061               90,353               83,527               76,579             69,510             62,316             54,994             47,544             39,962              32,247               

Total Annual Payments 5,728,645$        477,387$           477,387$           477,387$           477,387$           477,387$           477,387$           477,387$           477,387$           477,387$           477,387$           

SRF Loan - Cogeneration Project

Principal Payments 3,833,656$        249,491$           254,667$           259,949$           265,342$           270,846$           276,464$           282,199$           288,053$           294,028$           300,127$           
Interest Payments 89,982               84,807               79,524               74,132             68,628             63,010             57,275             51,421             45,445              39,346               

Total Annual Payments 4,752,632$        339,474$           339,474$           339,474$           339,474$           339,474$           339,474$           339,474$           339,474$           339,474$           339,474$           

Sewer Refunding Revenue Bond

Principal Payments 21,350,000$      3,285,000$        3,515,000$        3,760,000$        4,020,000$        4,305,000$        4,520,000$        4,745,000$        
Interest Payments 1,584,000          1,346,000          1,092,000          819,000           571,000           350,000           119,000           

Total Annual Payments 29,162,000$      4,869,000$        4,861,000$        4,852,000$        4,839,000$        4,876,000$        4,870,000$        4,864,000$        -$                  -$                  -$                  

Pension Obligation Bonds (POB)

Principal Payments 3,389,137$        121,620$           127,495$           133,653$           140,108$           146,875$           153,969$           161,406$           169,202$           177,374$           185,942$           
Interest Payments 176,391             170,517             164,359             157,903           151,136           144,042           136,605           128,809           120,637            112,070             

Total Annual Payments 5,350,471$        298,011$           298,011$           298,011$           298,011$           298,011$           298,011$           298,011$           298,011$           298,011$           298,011$           



FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015
All Other Utility Debt 33,308,296$      2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Principal Payments -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  
Interest Payments -                    -                    -                   -                  -                  -                  -                  -                  -                   -                    

Total Annual Payments -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  

Principal Payments
Interest Payments

Total Annual Payments -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  

Principal Payments
Interest Payments

Total Annual Payments -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  

FUTURE DEBT SERVICE
FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015

Revenue Bonds(1) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Principal Payments -$                  -$                  -$                  -$                  493,316$           918,249$           2,624,319$        4,444,454$        5,535,574$        5,961,453$        
Interest Payments -                    -                    1,638,768          2,968,433        8,483,381        14,069,204      16,909,721      17,273,807      17,651,101       18,036,950        

Total Annual Payments -$                  -$                  1,638,768$        2,968,433$        8,976,697$        14,987,454$      19,534,040$      21,718,261$      23,186,675$      23,998,403$      
Added Reserve Requirement $0 $0 $2,979,579 $2,417,572 $10,027,178 $10,200,889 $5,248,053 $900,550 $1,090,029 $1,204,777

(1) Interest only on the first 2 years per conversation with City on April 9th

SRF Loan
Principal Payments -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  
Interest Payments -$                  -$                  -$                 -$                 -$                 -$                 -$                 -$                 -$                  -$                  

Total Annual Payments -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  
Added Reserve Requirement $0 $0 $0 $0 $0 $0 $0 $0 $0 $0

Debt Assumptions
FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015

Revenue Bonds(1) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Debt Proceeds -$                  -$                  29,211,557$      23,701,690$      98,305,666$      100,008,719$    51,451,496$      8,828,922$        10,686,561$      11,811,542$      

Term of Bond 30 years 30 years 30 years 30 years 30 years 30 years 30 years 30 years 30 years 30 years
Interest Rate 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00% 5.00%
Issuance Costs 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00% 2.00%
Reserve Requirement 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 10.00%

FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015
SRF Loan 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Debt Proceeds -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  -$                  

Term of Bond 20 years 20 years 20 years 20 years 20 years 20 years 20 years 20 years 20 years 20 years
Interest Rate 2.50% 2.50% 2.50% 2.50% 2.50% 2.50% 2.50% 2.50% 2.50% 2.50%
Issuance Costs 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00%
Reserve Requirement 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%



City of Riverside
WASTEWATER FINANCIAL ANALYSIS
Capital Funding & Fund Reserves

CAPITAL FUNDING

REPLACEMENT/SYSTEMWIDE IMPROVEMENTS
FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015

Capital Expenditures 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

R&R / System-Wide Improvements -$                   15,939,354$      42,056,294$      23,077,370$      76,682,788$      77,912,531$      44,917,388$      13,947,252$      18,483,342$      17,715,411$      
Expansion Projects -                     23,491,457        9,401,232          7,458,743        34,978,797      35,129,753      21,091,696      2,691,516        5,451,577          5,191,144          

-$                   39,430,811$      51,457,527$      30,536,113$      111,661,586$    113,042,284$    66,009,084$      16,638,768$      23,934,918$      22,906,555$      

FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015
Available Revenues 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Connection Fee Revenues & Reserves -$                   10,832,962$      5,894,337$        6,071,004$        8,008,791$        8,248,857$        8,578,812$        2,691,516$        5,451,577$        5,191,144$        
Grants -                     -                     -                     -                     -                     -                     -                     -                     -                     -                     
Developer Contributions -                     -                     -                     -                     -                     -                     -                     -                     -                     -                     
Use of Capital Reserves -                     28,597,849        16,351,633        763,419             5,347,128          4,784,708          5,978,776          5,118,330          7,796,781          5,903,870          
Use of SRF Loan -                     -                     -                     -                     -                     -                     -                     -                     -                     -                     
Use of Revenue Bond Proceeds -$                   -                     29,211,557        23,701,690        98,305,666        100,008,719      51,451,496        8,828,922          10,686,561        11,811,542        
Rate Funded Capital -                     -                     -                    -                   -                   -                   0                      -                   -                     -                     

-$                   39,430,811$      51,457,527$      30,536,113$      111,661,586$    113,042,284$    66,009,084$      16,638,768$      23,934,918$      22,906,555$      

FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015
Bond Issues 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Revenue Bonds (input override)

SRF Loans
SRF Loan Issuance

FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015
Available Revenues 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

 - Grants -$                   -$                   -$                   -$                   -$                   -$                   -$                   -$                   -$                   -$                   
 - Developer Contributions -                     -                     -                     -                     -                     -                     -                     -                     -                     -                     

FUND RESERVES

OPERATING FUND
FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015

Operating Fund 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Beginning Balance 4,300,000$        11,500,000$      5,302,615$        6,773,412$        7,395,246$        8,943,768$        10,469,906$      11,702,125$      11,733,605$      12,282,714$      
Cash Flow (2,507,809)         (6,197,385)         2,221,086          5,876,996          6,250,938          7,402,085          6,262,518          7,694,164          6,351,439          6,645,658          
less: Transfer to Capital Fund -                     -                     (750,289)            (5,255,163)       (4,702,416)       (5,875,947)       (5,030,299)       (7,662,684)       (5,802,329)         (6,212,184)         

Ending Fund Balance 1,792,191$        5,302,615$        6,773,412$        7,395,246$        8,943,768$        10,469,906$      11,702,125$      11,733,605$      12,282,714$      12,716,188$      
   Note: Beginning Balance for FY2006/07 from Terri on 6/13. Money has been repaid by redevelopment.



CAPITAL FUNDS
FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015

Capital Reserve 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Beginning Balance 24,000,000$      43,900,000$      16,070,401$      -$                   -$                   -$                   -$                   -$                   -$                   -$                   
Interest Earnings 420,000             768,250             281,232             13,130               91,965               82,292               102,829             88,030               134,097             101,541             
Transfers from Operating Fund -                     -                     -                     750,289             5,255,163          4,702,416          5,875,947          5,030,299          7,662,684          5,802,329          
Replacement Funding (Previous Year) -                     -                     -                     -                     -                     -                     -                     -                     -                     -                     
Grants -                     -                     -                     -                     -                     -                     -                     -                     -                     -                     
Developer Contributions -                     -                     -                     -                     -                     -                     -                     -                     -                     -                     
SRF Loan -                     -                     -                     -                     -                     -                     -                     -                     -                     -                     
Bond Proceeds -                     -                     29,211,557        23,701,690        98,305,666        100,008,719      51,451,496        8,828,922          10,686,561        11,811,542        
less: Use of Funds -                     (28,597,849)       (45,563,190)       (24,465,109)     (103,652,795)   (104,793,427)   (57,430,273)     (13,947,252)     (18,483,342)       (17,715,411)       

Ending Fund Balance 24,420,000$      16,070,401$      -$                   -$                   -$                   -$                   -$                   -$                   -$                   -$                   

FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015
Connection Fee Fund 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Beginning Balance 4,932,650$        -$                   -$                   -$                   -$                   -$                   -$                   6,230,448$        8,652,369$        
Interest Earnings -                     172,643             -                     -                     -                     -                     -                     -                     218,066             302,833             
Connection Fee Revenues 4,932,650          5,727,669          5,894,337          6,071,004          8,008,791          8,248,857          8,578,812          8,921,964          7,655,432          7,961,650          
less: Use of Funds for Debt Service -                     -                     -                     -                     -                     -                     -                     -                     -                     -                     
less: Use of Funds for Capital -                     (10,832,962)       (5,894,337)         (6,071,004)       (8,008,791)       (8,248,857)       (8,578,812)       (2,691,516)       (5,451,577)         (5,191,144)         

Ending Fund Balance 4,932,650$        -$                   -$                   -$                   -$                   -$                   -$                   6,230,448$        8,652,369$        11,725,708$      

BOND RESERVES
FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015

Bond Reserve 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Beginning Balance -$                   -$                   2,979,579$        5,397,151$        15,424,329$      25,625,219$      30,873,271$      31,773,821$      32,863,850$      
New Reserve Requirements -                     -                     2,979,579          2,417,572          10,027,178        10,200,889        5,248,053          900,550             1,090,029          1,204,777          
less: Use of Bond Reserve -                     -                     -                    -                   -                   -                   -                   -                   -                     -                     

Ending Fund Balance -$                   -$                   2,979,579$        5,397,151$        15,424,329$      25,625,219$      30,873,271$      31,773,821$      32,863,850$      34,068,628$      



City of Riverside
WASTEWATER FINANCIAL ANALYSIS
REVENUE REQUIREMENTS

CASH FLOW SUFFICIENCY TEST

OPERATING EXPENDITURES
FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015

Revenues 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

User Service Fees 19,743,513$        19,870,333$        19,997,152$        29,608,604$        34,264,475$        40,340,494$        46,477,327$        49,306,971$        49,610,060$        50,264,497$        
CSD Operating Revenues 3,787,399            4,125,879            4,464,360            7,076,823            8,722,967            10,889,877          13,252,096          14,798,255          15,414,396          16,143,379          
Interest Earnings (from Operating Fund and Bond Reserves) 150,500               402,500               185,592               341,355               447,734               852,883               1,263,329            1,490,139            1,522,760            1,580,130            
Miscellaneous Revenues 623,497               642,202               661,468               681,312               701,751               722,804               744,488               766,823               789,827               813,522               
Connection Fee Revenues (for Debt Service) -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       

Total Revenues 24,304,909$        25,040,914$        25,308,571$        37,708,094$        44,136,927$        52,806,058$        61,737,240$        66,362,188$        67,337,043$        68,801,528$        
-                       -                       10,779,577          5,145,131            6,832,854            6,945,557            3,035,902            -                       427,968               1,425,072            

FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015
Expenditures 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Ongoing Operating Expenses
Public Works / Public Works-Sewer Sys-Admin 4,033,897$          4,069,355$          4,197,122$          5,078,390$          5,572,214$          6,187,763$          6,815,693$          7,176,527$          7,331,159$          7,520,564$          
Public Works / PW-Sewer-Collection Syst Maint 3,143,216            4,336,684            4,541,685            4,757,288            4,983,880            5,222,055            5,418,142            5,621,669            5,831,649            6,049,579            
Public Works / PW-Sewer Systems-Treatment 8,749,779            10,959,532          11,435,692          11,934,878          12,453,812          12,993,237          13,553,925          14,136,673          14,712,936          15,311,213          
Public Works / PW-Sewer-Environmental Complia 848,019               824,729               851,538               879,255               907,912               937,543               968,183               999,867               1,032,632            1,066,519            
Public Works / PW-Sewer Systems-Plant Maint 2,823,702            3,200,110            3,304,026            3,411,460            3,522,530            3,637,366            3,756,103            3,878,881            4,005,794            4,137,043            
Public Works / PW-Sewer-Laboratory Services 703,522               710,611               733,681               757,534               782,188               807,671               834,012               861,243               889,329               918,365               
Public Works I PW-Sewer Sys-CoGen/Landfill 526,633               1,159,882            1,196,108            1,233,502            1,272,072            1,311,855            1,352,889            1,395,214            1,438,653            1,483,455            
Public Works / PW-Sewer-Capital Project Serv 77                        1,523                   1,569                   1,616                   1,664                   1,714                   1,765                   1,818                   1,872                   1,928                   
Additional O&M Treatment Costs (developed by Carollo) -                       -                       -                       -                       255,000               278,000               297,000               1,763,000            1,868,000            1,979,000            

Other Operating Expenses
Public Works / PW-Sewer Systems Debt Service 5,983,872            5,975,872            7,605,640            8,922,305            14,967,569          20,972,326          25,512,912          22,833,133          24,301,547          25,113,275          
Rate Funded Capital -                       -                       -                       -                       -                       -                       0                          -                       -                       -                       
Replacement Funding & Misc. Capital -                       -                       -                       -                       -                       -                       -                       -                       -                       -                       

Subtotal Expenditures 26,812,718$        31,238,299$        33,867,062$        36,976,229$        44,718,842$        52,349,531$        58,510,624$        58,668,024$        61,413,572$        63,580,942$        

Revenues to Meet Minimum Operating Fund -$                     -$                     -$                     -$                     -$                     -$                     -$                     -$                     -$                     -$                     

Total Expenditures 26,812,718$        31,238,299$        33,867,062$        36,976,229$        44,718,842$        52,349,531$        58,510,624$        58,668,024$        61,413,572$        63,580,942$        

Operating Expenditure Surplus (Deficiency) Before Rate Increase (2,507,809)$         (6,197,385)$         (8,558,490)$         731,865$            (581,916)$           456,527$            3,226,616$         7,694,164$         5,923,470$         5,220,586$          

Total Ongoing Operating Expenses 20,828,846$        25,262,427$        26,261,421$        28,053,924$        29,751,273$        31,377,205$        32,997,711$        35,834,891$        37,112,025$        38,467,667$        



BOND COVERAGE TEST
FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015

Allowable Revenues 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

User Service Fees 19,743,513$        19,870,333$        19,997,152$        29,608,604$        34,264,475$        40,340,494$        46,477,327$        49,306,971$        49,610,060$        50,264,497$        
CSD Operating Revenues 3,787,399            4,125,879            4,464,360            7,076,823            8,722,967            10,889,877          13,252,096          14,798,255          15,414,396          16,143,379          
Interest Earnings (incl. Interest from Cap. Fund) 570,500               1,170,750            466,824               354,485               539,699               935,176               1,366,158            1,578,169            1,656,857            1,681,671            
Miscellaneous Revenues 623,497               642,202               661,468               681,312              701,751             722,804             744,488             766,823             789,827             813,522               

Total Revenues 24,724,909$        25,809,164$        25,589,803$        37,721,224$        44,228,892$        52,888,350$        61,840,069$        66,450,218$        67,471,140$        68,903,069$        

FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015
Expenditures 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Ongoing Operating Expenses 20,828,846$        25,262,427$        26,261,421$        28,053,924$        29,751,273$        31,377,205$        32,997,711$        35,834,891$        37,112,025$        38,467,667$        
Senior Debt Service 1

7,488,590            7,488,590            10,153,696          12,308,611          21,269,993          28,283,104          31,891,141          29,813,914          30,788,899          31,866,520          

Total Expenditures 28,317,436$        32,751,017$        36,415,117$        40,362,535$        51,021,266$        59,660,309$        64,888,852$        65,648,805$        67,900,924$        70,334,188$        

Bond Coverage Surplus (Deficiency) Before Rate Increase (3,592,527)$         (6,941,853)$         (10,825,314)$       (2,641,311)$        (6,792,374)$        (6,771,959)$        (3,048,783)$        801,413$            (429,784)$           (1,431,119)$         

(1) Debt coverage test set at 125% of the maximum annual debt service.

REVENUE REQUIREMENT & RATE IMPACTS
FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015

REVENUE REQUIREMENT 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Maximum Revenue Surplus (Deficiency) Before Rate Increase (3,592,527)$         (6,941,853)$         (10,825,314)$       (2,641,311)$         (6,792,374)$         (6,771,959)$         (3,048,783)$         801,413$             (429,784)$            (1,431,119)$         
Utility Tax (233,514)$            (451,220)$            (703,645)$            (171,685)$           (441,504)$           (440,177)$           (198,171)$           -$                    (27,936)$             (93,023)$              

Total Revenue Surplus (Deficiency) (3,826,041)$         (7,393,074)$         (11,528,959)$       (2,812,996)$         (7,233,878)$         (7,212,136)$         (3,246,954)$         801,413$             (457,720)$            (1,524,142)$         

FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015
Rate Increases (Fiscal Year Basis) 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Month of Adoption 1 1 1 1 1 1 1 1 1 1
16.26% 30.81% 47.13% 7.67% 16.83% 14.08% 5.44% 0.00% 0.70% 2.30%

Calculated Rate Increase 16.26% 30.81% 47.13% 7.67% 16.83% 14.08% 5.44% 0.00% 0.70% 2.30%
Input 0.00% 15.00% 17.00% 14.50%

FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

RATE INCREASES (Calendar Year Basis) 1 Calculated Increase Inputted Increase Calculated Increase Inputted Increase Inputted Increase Inputted Increase Calculated Increase Calculated Increase Calculated Increase Calculated Increase

Total Annual Rate Increase 0.00% 0.00% 47.13% 15.00% 17.00% 14.50% 5.44% 0.00% 0.70% 2.30%
Cumulative Rate Increase 0.00% 0.00% 47.13% 69.20% 97.96% 126.67% 138.99% 138.99% 140.67% 146.20%

USER RATE (Basic Single Family Dwelling) $13.05 $13.05 $13.05 $19.77 $22.74 $26.60 $30.46 $32.11 $32.11 $32.34 $33.08

FY 2006 FY 2007 FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Net Cash Flow After Rate Increase (2,507,809)$         (6,197,385)$         2,221,086$          5,876,996$          6,250,938$          7,402,085$          6,262,518$          7,694,164$          6,351,439$          6,645,658$          

July July July July July July July July July July



City of Riverside
WASTEWATER FINANCIAL ANALYSIS
Functional Allocation

PLANT-IN EXPENDITURES Year of Costs
2009

Allocation of Plant Original Cost Customers Pumping Flow COD TSS NIT O/G Check Notes:

1 Land 2,698,000$                   44% 33% 17% 5% 2% 100% As Typical Treatment Pl
2 Buildings and Structures 176,829,000$               44% 33% 17% 5% 2% 100% As Typical Treatment Pl
3 Accumulated Depreciation - Buildings (61,397,000)$               100% As all others
4 Improvements other than Buildings 40,744,000$                 100% As all others
5 Accumulated Dep. - Impvts other than Buildings (8,224,000)$                 100% As all others
6 Machinery and Equipment 6,748,000$                   100% As all others
7 Accumulated Dep. - Machinery and Equipment (4,580,000)$                 100% As all others
8 [Other] -$                              100%
9 [Other] -$                              100%
10 [Other] -$                              100%
11 [Other] -$                              100%
12 [Other] -$                              100%
13 [Other] -$                              100%
14 [Other] -$                              100%
15 [Other] -$                              100%
16 [Other] -$                              100%

Subtotals:  152,818,000$              -$                        -$                       78,547,980$                  58,477,318$            30,089,378$        9,157,434$          3,254,889$           
Re-Allocation of "As All Others":  -                          -                         (11,685,919)                   (8,699,921)               (4,476,525)           (1,362,391)           (484,244)               

Total Allocation:  152,818,000$              -$                        -$                      66,862,061$                 49,777,398$           25,612,852$       7,795,043$         2,770,646$           
Percentage Allocation:  0% 0% 44% 33% 17% 5% 2%

Year of Costs
Allocation of Operating Expenses CSD 2009 Customers Pumping Flow COD TSS NIT O/G As All Others 1

Check

Public Works / Public Works-Sewer Sys-Admin 

411100 Salaries-Regular 1,014,996$                   100% 100%
411110 Salaries-Temp & Part Time -$                              100% 200%
411130 Compensatory Time -$                              100% 100%
411210 Vacation -$                              100% 200%
411220 Holidays & Special Days Off -$                              100% 100%
411240 Sick Leave -$                              100% 200%
411245 Family Illness Sick Leave -$                              100% 100%
411250 Industrial Accident -$                              100% 200%
411260 Bereavement Leave -$                              100% 100%
411280 Jury Duty -$                              100% 200%
411292 Administrative Leave -$                              100% 100%
411310 Night Shift Premium -$                              100% 100%
411410 Vacation Payoffs -$                              100% 100%
411430 Compensatory Time Payoff -$                              100% 100%
411510 Accrued Payroll -$                              100% 100%
411521 Accrued Sick Leave Yr End Only -$                              100% 100%
411522 Accrued Vacation Year-End Only -$                              100% 100%
411530 Accrued Comp. Time Earned -$                              100% 100%
412210 Workers Compensation Ins 38,194$                        100% 100%
412220 Health Insurance 127,734$                      100% 100%
412221 Retiree Health Insurance -$                              100% 100%
412222 Dental Insurance 6,994$                          100% 100%
412230 Life Insurance 2,950$                          100% 100%
412240 Unemployment Insurance 510$                             100% 100%
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412250 Disability Insurance 1,050$                          100% 100%
412310 PERS Retirement 231,491$                      100% 100%
412320 Medicare OASDI 14,592$                        100% 100%
412400 Deferred Compensation 22,727$                        100% 100%
413120 Overtime At 1.5 Rate 114$                             100% 100%
413210 Holiday O/T-Straight/Non-Sched -$                              100% 100%
419910 Salaries Adjustment Factor -$                              100% 100%
421000 Professional Services 73,960$                        100% 100%
421043 Prof Svcs Regulatory Comp 90,982$                        100% 100%
421100 Outside Legal Services 7,576$                          100% 100%
422100 Telephone 13,181$                        100% 100%
422120 Telephone - Cellular 14,090$                        100% 100%
423400 Motor Pool Equipment Rental 4,924$                          100% 0%
424130 Maint/Repair of Bldgs & Improv 76$                               100% 0%
424220 All Other Equip Maint/Repair 10,227$                        100% 0%
424230 Central Garage Charges 1,894$                          100% 100%
425200 Periodicals & Dues 58,991$                        100% 100%
425300 Photo & Recording Supplies 227$                             100% 100%
425400 General Office Expense 18,409$                        100% 100%
425500 Postage 1,650$                          100% 100%
425600 Central Printing Charges 1,515$                          100% 100%
425610 Outside Printing Expense 1,136$                          100% 100%
425800 Computer Equip Purc Undr $5000 1,894$                          100% 100%
426100 Janitorial Supplies 379$                             100% 100%
426200 Clothing/Linen/Safety Supplies -$                              100% 100%
426710 Work Boot Reimbursement 114$                             100% 100%
426800 Special Department Supplies 2,273$                          100% 100%
427100 Travel & Meeting Expense 13,079$                        100% 100%
427200 Training 10,568$                        100% 0%
428400 Insurance / All Other 51,986$                        100% 0%
428420 Insurance Charges - Direct 70,011$                        100% 0%
443300 Uncollect Accounts-Bad Debts 67,834$                        100% 100%
452005 Education Reimbursement Prog 758$                             100% 100%
462100 Automotive Equipment -$                              100% 100%
881100 General Fund Allocation Chgs 376,281$                      100% 100%
881200 Central Service Alloc Charges -$                              100% 100%
882101 Utilization Chgs from 101 Fund 797,094$                      100% 100%
882102 Utilization Chgs from 102 Fund -$                              100% 100%
882510 Utilization Chgs from 510 Fund 437,562$                      100% 100%
894101 Interfund Services to 101 Fund -$                              100% 100%
894230 Interfund Services to 230 Fund -$                              100% 100%
894260 Interfund Services to 260 Fund -$                              100% 100%
894410 Interfund Services to 410 Fund -$                              100% 100%
894431 Interfund Services to 431 Fund -$                              100% 100%
894432 Interfund Services to 432 Fund -$                              100% 100%
894540 Interfund Services to 540 Fund -$                              100% 100%
894551 Interfund Services to 551 Fund -$                              100% 100%

0000 City Retirement Plan 8$                                 100% 100%
0000 Office Furniture & Equipment 607,095$                      100% 100%
0000 [Other] -$                              100% 100%
0000 Additional Admin In Lieu -$                              100% 100%

Public Works / PW-Sewer-Collection Syst Maint 

411100 Salaries-Regular 893,049$                      15% 85% 0% 100%
411110 Salaries-Temp & Part Time -$                              15% 85% 0% 100%
411130 Compensatory Time -$                              15% 85% 0% 100%
411210 Vacation -$                              15% 85% 0% 100%
411220 Holidays & Special Days Off -$                              15% 85% 0% 100%
411240 Sick Leave -$                              15% 85% 0% 100%
411245 Family Illness Sick Leave -$                              15% 85% 0% 100%
411250 Industrial Accident -$                              15% 85% 0% 100%
411260 Bereavement Leave -$                              15% 85% 0% 100%
411292 Administrative Leave -$                              15% 85% 0% 100%
411310 Night Shift Premium -$                              15% 85% 0% 100%
411320 Temporary Foreman Pay 205$                             15% 85% 0% 100%
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411410 Vacation Payoffs -$                              15% 85% 0% 100%
411420 Sick Leave Payoff -$                              15% 85% 0% 100%
411430 Compensatory Time Payoff -$                              15% 85% 0% 100%
411510 Accrued Payroll -$                              15% 85% 0% 100%
411521 Accrued Sick Leave Yr End Only -$                              15% 85% 0% 100%
411522 Accrued Vacation Year-End Only -$                              15% 85% 0% 100%
411530 Accrued Comp. Time Earned -$                              15% 85% 0% 100%
412210 Workers Compensation Ins 33,886$                        15% 85% 0% 100%
412220 Health Insurance 142,494$                      15% 85% 0% 100%
412221 Retiree Health Insurance -$                              15% 85% 0% 100%
412222 Dental Insurance 9,027$                          15% 85% 0% 100%
412230 Life Insurance 2,388$                          15% 85% 0% 100%
412240 Unemployment Insurance 447$                             15% 85% 0% 100%
412250 Disability Insurance 1,850$                          15% 85% 0% 100%
412310 PIERS Retirement 205,398$                      15% 85% 0% 100%
412320 Medicare OASDI 12,945$                        15% 85% 0% 100%
412330 City Retirement Plan -$                              15% 85% 0% 100%
412400 Deferred Compensation 9,237$                          15% 85% 0% 100%
413110 Overtime At Straight Rate 41,054$                        15% 85% 0% 100%
413120 Overtime At 1.5 Rate 30,790$                        15% 85% 0% 100%
413130 Overtime At Double Time Rate 8,211$                          15% 85% 0% 100%
419910 Salaries Adjustment Factor -$                              15% 85% 0% 100%
421000 Professional Services 12,419$                        100% 0% 100%
422100 Telephone 3,079$                          100% 0% 100%
422120 Telephone - Cellular 12,316$                        100% 0% 100%
422200 Electric 266,730$                      100% 0% 100%
422300 Gas 513$                             100% 0% 100%
422500 Water 10,263$                        100% 0% 100%
422600 Other Utilities 6,158$                          100% 0% 100%
422700 Refuse/Disposal Fees 5,589$                          100% 0% 100%
423100 Equipment Rental 8,211$                          100% 0% 100%
423400 Motor Pool Equipment Rental 102,635$                      100% 0% 100%
424120 Constr & Maint Materials 9,032$                          100% 0% 100%
424130 Maint/Repair of Bldgs & Improv 2,053$                          100% 0% 100%
424220 All Other Equip Maint/Repair 17,448$                        100% 0% 0% 100%
424230 Central Garage Charges 56,449$                        100% 0% 100%
424240 Central Communications Chg 411$                             100% 0% 100%
425200 Periodicals & Dues 1,232$                          100% 0% 100%
425300 Photo & Recording Supplies 821$                             100% 0% 100%
425400 General Office Expense 5,132$                          100% 0% 100%
425600 Central Printing Charges 103$                             100% 0% 100%
425700 Software Purchase/Licensing 3,079$                          100% 0% 100%
425800 Computer Equip Purc Undr $5000 2,566$                          100% 0% 100%
426100 Janitorial Supplies 513$                             100% 0% 100%
426200 Clothing/Linen/Safety Supplies 14,502$                        100% 0% 100%
426300 Motor Fuels & Lubricants 30,790$                        100% 0% 100%
426600 Chemical Supplies 49,685$                        100% 0% 100%
426700 Maintenance Tools/Supplies 15,498$                        100% 0% 100%
426710 Work Boot Reimbursement 2,155$                          100% 0% 100%
426800 Special Department Supplies 10,777$                        100% 0% 100%
427100 Travel & Meeting Expense 2,053$                          100% 0% 100%
427200 Training 10,263$                        100% 0% 100%
428400 Insurance /AllOther 46,122$                        100% 0% 100%
448000 Employee Meal Allowance 209$                             100% 0% 100%
450095 Street Replacement Charge 1,377,426$                   100% 0% 100%
462100 Automotive Equipment 902,029$                      100% 0% 100%
462200 Machinery & Equip -$                              100% 0% 100%
881100 General Fund Allocation Chgs 143,391$                      100% 0% 100%
881200 Central Service Alloc Charges -$                              100% 0% 100%
884101 Interfund Charges from 101 Fnd 26,685$                        100% 0% 100%
894101 Interfund Services to 101 Fund (7,698)$                         100% 0% 100%

0000 Jury Duty 877$                             100% 100%
0000  Interfund Services to 540 Fund (811)$                            100% 100%
0000 [Other] -$                              100% 100%
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0000 [Other] -$                              100% 100%

Public Works / PW-Sewer Systems-Treatment

411100 Salaries - Regular 1,931,432$                   44% 33% 17% 5% 2% 0% 100%
411130 Compensatory Time -$                              44% 33% 17% 5% 2% 0% 100%
411210 Vacation -$                              44% 33% 17% 5% 2% 0% 100%
411220 Holidays & Special Days Off -$                              44% 33% 17% 5% 2% 0% 100%
411240 Sick Leave -$                              44% 33% 17% 5% 2% 0% 100%
411245 Family Illness Sick Leave -$                              44% 33% 17% 5% 2% 0% 100%
411260 Bereavement Leave -$                              44% 33% 17% 5% 2% 0% 100%
411280 Jury Duty -$                              44% 33% 17% 5% 2% 0% 100%
411310 Night Shift Premium 19,430$                        44% 33% 17% 5% 2% 0% 100%
411320 Temporary Foreman Pay 486$                             44% 33% 17% 5% 2% 0% 100%
411410 Vacation Payoffs -$                              44% 33% 17% 5% 2% 0% 100%
411420 Sick Leave Payoff -$                              44% 33% 17% 5% 2% 0% 100%
411430 Compensatory Time Payoff -$                              44% 33% 17% 5% 2% 0% 100%
411510 Accrued Payroll -$                              44% 33% 17% 5% 2% 0% 100%
411521 Accrued Sick Leave Yr End Only -$                              44% 33% 17% 5% 2% 0% 100%
411522 Accrued Vacation Year-End Only -$                              44% 33% 17% 5% 2% 0% 100%
411530 Accrued Comp. Time Earned -$                              44% 33% 17% 5% 2% 0% 100%
412210 Workers Compensation Ins 73,292$                        44% 33% 17% 5% 2% 0% 100%
412220 Health Insurance 241,799$                      44% 33% 17% 5% 2% 0% 100%
412221 Retiree Health Insurance -$                              44% 33% 17% 5% 2% 0% 100%
412222 Dental Insurance 14,015$                        44% 33% 17% 5% 2% 0% 100%
412230 Life Insurance 5,382$                          44% 33% 17% 5% 2% 0% 100%
412240 Unemployment Insurance 976$                             44% 33% 17% 5% 2% 0% 100%
412250 Disability Insurance 2,290$                          44% 33% 17% 5% 2% 0% 100%
412310 PERS Retirement 444,225$                      44% 33% 17% 5% 2% 0% 100%
412320 Medicare OASDI 28,004$                        44% 33% 17% 5% 2% 0% 100%
412400 Deferred Compensation 32,059$                        44% 33% 17% 5% 2% 0% 100%
413110 Overtime At Straight Rate 3,886$                          44% 33% 17% 5% 2% 0% 100%
413120 Overtime At 1.5 Rate 97,149$                        44% 33% 17% 5% 2% 0% 100%
413130 Overtime At Double Time Rate 24,287$                        44% 33% 17% 5% 2% 0% 100%
413210 Holiday OIT-Straight/Non-Sched 24,287$                        44% 33% 17% 5% 2% 0% 100%
413230 Holiday O1T-StrtISubj To Retir 14,572$                        44% 33% 17% 5% 2% 0% 100%
413240 OIT 1.5 Rate Sub To Retirement -$                              44% 33% 17% 5% 2% 0% 100%
419910 Salaries Adjustment Factor -$                              44% 33% 17% 5% 2% 0% 100%
421000 Professional Services 41,483$                        44% 33% 17% 5% 2% 0% 100%
421043 Prof Svcs Regulatory Comp 210,097$                      44% 33% 17% 5% 2% 0% 100%
422100 Telephone 5,829$                          44% 33% 17% 5% 2% 0% 100%
422120 Telephone - Cellular 6,800$                          44% 33% 17% 5% 2% 0% 100%
422200 Electric 1,782,166$                   44% 33% 17% 5% 2% 0% 100%
422300 Gas 4,955$                          44% 33% 17% 5% 2% 0% 100%
422500 Water 84,158$                        44% 33% 17% 5% 2% 0% 100%
422600 Other Utilities 59,455$                        44% 33% 17% 5% 2% 0% 100%
422700 Refuse/Disposal Fees 2,797,011$                   44% 33% 17% 5% 2% 0% 100%
423100 Equipment Rental 3,886$                          44% 33% 17% 5% 2% 0% 100%
423400 Motor Pool Equipment Rental 48,575$                        44% 33% 17% 5% 2% 0% 100%
424130 Maint/Repair of Bldgs & Improv -$                              44% 33% 17% 5% 2% 0% 100%
424220 All Other Equip Maint/Repair 16,661$                        44% 33% 17% 5% 2% 0% 100%
424230 Central Garage Charges 14,572$                        44% 33% 17% 5% 2% 0% 100%
424240 Central Communications Chg 3,886$                          44% 33% 17% 5% 2% 0% 100%
425200 Periodicals & Dues 7,335$                          44% 33% 17% 5% 2% 0% 100%
425300 Photo & Recording Supplies 243$                             44% 33% 17% 5% 2% 0% 100%
425400 General Office Expense 9,812$                          44% 33% 17% 5% 2% 0% 100%
425500 Postage -$                              44% 33% 17% 5% 2% 0% 100%
425600 Central Printing Charges 486$                             44% 33% 17% 5% 2% 0% 100%
425700 Software Purchase/Licensing 9,715$                          44% 33% 17% 5% 2% 0% 100%
425800 Computer Equip Purc Undr $5000 4,857$                          44% 33% 17% 5% 2% 0% 100%
426100 Janitorial Supplies 583$                             44% 33% 17% 5% 2% 0% 100%
426200 Clothing/Linen/Safety Supplies 25,976$                        44% 33% 17% 5% 2% 0% 100%
426300 Motor Fuels & Lubricants 13,601$                        44% 33% 17% 5% 2% 0% 100%
426600 Chemical Supplies 2,737,110$                   44% 33% 17% 5% 2% 0% 100%
426700 Maintenance Tools/Supplies 971$                             44% 33% 17% 5% 2% 0% 100%

Prepared by Carollo Engineers page 4 12/21/2007



426710 Work Boot Reimbursement 3,789$                          44% 33% 17% 5% 2% 0% 100%
426800 Special Department Supplies 20,596$                        44% 33% 17% 5% 2% 0% 100%
427100 Travel &MeetingExpense 3,109$                          44% 33% 17% 5% 2% 0% 100%
427200 Training 17,001$                        44% 33% 17% 5% 2% 0% 100%
428400 Insurance / All Other 99,759$                        44% 33% 17% 5% 2% 0% 100%
448000 Employee Meal Allowance 991$                             44% 33% 17% 5% 2% 0% 100%
452005 Education Reimbursement Prog 971$                             44% 33% 17% 5% 2% 0% 100%
462308 Off Furn & Eq/Computer Acqustn -$                              44% 33% 17% 5% 2% 0% 100%
440301 City Funds -$                              44% 33% 17% 5% 2% 0% 100%
881100 General Fund Allocation Chgs 438,248$                      44% 33% 17% 5% 2% 0% 100%
881200 Central Service Alloc Charges -$                              44% 33% 17% 5% 2% 0% 100%
882510 Utilization Chgs from 510 Fund 3,432$                          44% 33% 17% 5% 2% 0% 100%

0000 [Other] -$                              100% 0%
0000 [Other] -$                              100% 0%
0000 [Other] -$                              100% 0%
0000 [Other] -$                              100% 0%

Public Works / PW-Sewer-Environmental Complia 

411100 Salaries - Regular 461,464$                      100% 0%
411130 Compensatory Time -$                              100% 0%
411210 Vacation -$                              100% 0%
411220 Holidays & Special Days Off -$                              100% 0%
411240 Sick Leave -$                              100% 0%
411245 Family Illness Sick Leave -$                              100% 100%
411280 Jury Duty -$                              100% 100%
411292 Administrative Leave -$                              100% 100%
411410 Vacation Payoffs -$                              100% 100%
411430 Compensatory Time Payoff -$                              100% 100%
411510 Accrued Payroll -$                              100% 100%
411521 Accrued Sick Leave Yr End Only -$                              100% 100%
411522 Accrued Vacation Year-End Only -$                              100% 100%
411530 Accrued Comp. Time Earned -$                              100% 100%
412210 Workers Compensation Ins 17,511$                        100% 100%
412220 Health Insurance 61,464$                        100% 100%
412221 Retiree Health Insurance -$                              100% 100%
412222 Dental Insurance 3,664$                          100% 100%
412230 Life Insurance 1,271$                          100% 100%
412240 Unemployment Insurance 234$                             100% 100%
412250 Disability Insurance 766$                             100% 100%
412310 PERS Retirement 106,135$                      100% 100%
412320 Medicare OASDI 6,690$                          100% 100%
412400 Deferred Compensation 7,100$                          100% 0%
413110 Overtime At Straight Rate -$                              100% 0%
413120 Overtime At 1.5 Rate 3,156$                          100% 0%
413130 Overtime At Double Time Rate 158$                             100% 0%
413210 Holiday O/T-StraightlNon-Sched 118$                             100% 0%
419910 Salaries Adjustment Factor -$                              100% 0%
421000 Professional Services 10,256$                        100% 0%
422100 Telephone 4,023$                          100% 0%
422120 Telephone - Cellular 5,917$                          100% 0%
423100 Equipment Rental 394$                             100% 0%
423400 Motor Pool Equipment Rental 23,667$                        100% 0%
424220 All Other Equip Maint/Repair 5,365$                          100% 0%
424230 Central Garage Charges 11,834$                        100% 0%
425200 Periodicals & Dues 3,246$                          100% 0%
425300 Photo & Recording Supplies 197$                             100% 0%
425400 General Office Expense 6,785$                          100% 0%
425500 Postage 391$                             100% 0%
425600 Central Printing Charges 3,156$                          100% 0%
425700 Software Purchase/Licensing 394$                             100% 0%
425800 Computer Equip Purc Undr $5000 3,945$                          100% 0%
426200 Clothing/Linen/Safety Supplies 7,889$                          100% 0%
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426300 Motor Fuels & Lubricants 394$                             100% 0%
426700 Maintenance Tools/Supplies 3,945$                          100% 0%
426710 Work Boot Reimbursement 947$                             100% 0%
426800 Special Department Supplies 4,733$                          100% 0%
427100 Travel & Meeting Expense 789$                             100% 0%
427200 Training 7,495$                          100% 0%
428400 Insurance I All Other 23,836$                        100% 0%
448000 Employee Meal Allowance 39$                               100% 0%
462100 Automotive Equipment -$                              100% 0%
881100 General Fund Allocation Chgs 49,419$                        100% 0%
881200 Central Service Alloc Charges -$                              100% 0%

0000 Bereavement Leave 2,753$                          100% 0%
0000 Maint/Repair of Bldgs & Improv -$                              100% 0%
0000 Janitorial Supplies -$                              100% 0%
0000 [Other] -$                              100% 0%

Public Works / PW-Sewer Systems-Plant Maint

411100 Salaries-Regular 1,540,762$                   100% 100%
411110 Salaries-Temp & Part Time -$                              100% 100%
411130 Compensatory Time -$                              100% 0%
411210 Vacation -$                              100% 0%
411220 Holidays & Special Days Off -$                              100% 0%
411240 Sick Leave -$                              100% 0%
411245 Family Illness Sick Leave -$                              100% 0%
411250 Industrial Accident -$                              100% 0%
411260 Bereavement Leave -$                              100% 0%
411280 Jury Duty -$                              100% 0%
411292 Administrative Leave -$                              100% 0%
411410 Vacation Payoffs -$                              100% 0%
411420 Sick Leave Payoff -$                              100% 0%
411430 Compensatory Time Payoff -$                              100% 0%
411510 Accrued Payroll -$                              100% 0%
411521 Accrued Sick Leave Yr End Only -$                              100% 0%
411522 Accrued Vacation Year-End Only -$                              100% 0%
411530 Accrued Comp. Time Earned -$                              100% 0%
412210 Workers Compensation Ins 58,484$                        100% 0%
412220 Health Insurance 255,992$                      100% 0%
412221 Retiree Health Insurance -$                              100% 0%
412222 Dental Insurance 14,066$                        100% 0%
412230 Life Insurance 4,116$                          100% 0%
412240 Unemployment Insurance 767$                             100% 100%
412250 Disability Insurance 3,339$                          100% 100%
412310 PERS Retirement 354,368$                      100% 100%
412320 Medicare OASDI 22,328$                        100% 0%
412330 City Retirement Plan -$                              100% 0%
412400 Deferred Compensation 14,949$                        100% 0%
413110 Overtime At Straight Rate 8,305$                          100% 0%
413120 Overtime At 1.5 Rate 29,068$                        100% 0%
413130 Overtime At Double Time Rate 4,153$                          100% 0%
413210 Holiday 0/T-Straight/Non-Sched 831$                             100% 0%
413230 Holiday OIT-Strt/Subj To Retir -$                              100% 0%
419910 Salaries Adjustment Factor -$                              100% 0%
421000 Professional Services 84,297$                        100% 0%
422100 Telephone 4,983$                          100% 0%
422120 Telephone - Cellular 7,059$                          100% 0%
422700 Refuse/Disposal Fees 9,867$                          100% 0%
423100 Equipment Rental 11,876$                        100% 0%
423400 Motor Pool Equipment Rental 56,475$                        100% 0%
424120 Constr & Maint Materials 4,153$                          100% 0%
424130 Maint/Repair of Bldgs & Improv 71,922$                        100% 100%
424200 Maintenance & Repair - General -$                              100% 100%
424210 Auto Equip Repair/Parts/Sere -$                              100% 100%
424220 All Other Equip Maint/Repair 329,847$                      100% 100%
424230 Central Garage Charges 24,915$                        100% 100%
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424240 Central Communications Chg 7,973$                          100% 100%
425200 Periodicals & Dues 1,661$                          100% 100%
425400 General Office Expense 7,225$                          100% 100%
425700 Software Purchase/Licensing 1,246$                          100% 100%
425800 Computer Equip Purc Undr $5000 9,966$                          100% 100%
426100 Janitorial Supplies 4,983$                          100% 100%
426200 Clothing/Linen/Safety Supplies 26,400$                        100% 100%
426300 Motor Fuels & Lubricants 9,136$                          100% 100%
426400 Horticultural Supplies 12,873$                        100% 100%
426600 Chemical Supplies 4,317$                          100% 100%
426700 Maintenance Tools/Supplies 8,388$                          100% 100%
426710 Work Boot Reimbursement 3,737$                          100% 100%
426800 Special Department Supplies 9,675$                          100% 100%
427200 Training 18,354$                        100% 0%
428400 Insurance / All Other 79,577$                        100% 0%
448000 Employee Meal Allowance 85$                               100% 0%
450011 Clark Fund Botany Gallery -$                              100% 0%
462100 Automotive Equipment -$                              100% 0%
462200 Machinery & Equip -$                              100% 0%
881100 General Fund Allocation Chgs 180,708$                      100% 0%
881200 Central Service Alloc Charges -$                              100% 0%
882540 Utilization Chgs from 540 Fund -$                              100% 0%
884101 Interfund Charges from 101 Fnd -$                              100% 0%
894540 Interfund Services to 540 Fund -$                              100% 0%

0000  Interfund Charges from 540 Fnd -$                              100% 0%
0000 Postage 27$                               100% 0%
0000 Travel & Meeting Expense 771$                             100% 0%
0000 [Other] -$                              100% 0%

Public Works / PW-Sewer-Laboratory Services 

411100 Salaries - Regular 321,532$                      100% 0%
411110 Salaries-Temp & Part Time -$                              100% 0%
411130 Compensatory Time -$                              100% 0%
411210 Vacation -$                              100% 0%
411220 Holidays & Special Days Off -$                              100% 0%
411240 Sick Leave -$                              100% 0%
411245 Family Illness Sick Leave -$                              100% 0%
411250 Industrial Accident -$                              100% 0%
411260 Bereavement Leave -$                              100% 0%
411430 Compensatory Time Payoff -$                              100% 0%
411510 Accrued Payroll -$                              100% 0%
411521 Accrued Sick Leave Yr End Only -$                              100% 0%
411522 Accrued Vacation Year-End Only -$                              100% 0%
411530 Accrued Comp. Time Earned -$                              100% 0%
412210 Workers Compensation Ins 12,202$                        100% 0%
412220 Health Insurance 43,546$                        100% 0%
412221 Retiree Health Insurance -$                              100% 0%
412222 Dental Insurance 2,260$                          100% 0%
412230 Life Insurance 858$                             100% 0%
412240 Unemployment Insurance 162$                             100% 0%
412250 Disability Insurance 558$                             100% 0%
412310 PERS Retirement 73,950$                        100% 0%
412320 Medicare OASDI 4,659$                          100% 0%
412400 Deferred Compensation 2,414$                          100% 0%
413120 Overtime At 1.5 Rate 1,609$                          100% 0%
413210 Holiday OfT-Straight/Non-Sched 805$                             100% 0%
413220 Holiday OIT-1.5 Rate/Non-Sched -$                              100% 0%
413230 Holiday OIT-Strt/Subj To Retir 1,609$                          100% 0%
419910 Salaries Adjustment Factor -$                              100% 0%
421000 Professional Services 74,914$                        100% 0%
422100 Telephone 2,012$                          100% 0%
422120 Telephone - Cellular 805$                             100% 0%
424220 All Other Equip Maint/Repair 24,140$                        100% 0%
424230 Central Garage Charges 1,642$                          100% 0%
425200 Periodicals & Dues 6,276$                          100% 0%
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425400 General Office Expense 4,023$                          100% 0%
425600 Central Printing Charges -$                              100% 0%
425700 Software Purchase/Licensing 821$                             100% 0%
425800 Computer Equip Purc Undr $5000 805$                             100% 0%
426100 Janitorial Supplies 121$                             100% 0%
426200 Clothing/Linen/Safety Supplies 7,989$                          100% 0%
426300 Motor Fuels & Lubricants 121$                             100% 0%
426600 Chemical Supplies 15,991$                        100% 0%
426700 Maintenance Tools/Supplies 161$                             100% 0%
426710 Work Boot Reimbursement 724$                             100% 0%
426800 Special Department Supplies 55,119$                        100% 0%
427100 Travel & Meeting Expense 1,609$                          100% 0%
427200 Training 7,242$                          100% 0%
428400 Insurance / All Other 16,607$                        100% 0%
462200 Machinery & Equip -$                              100% 0%
881100 General Fund Allocation Chgs 44,951$                        100% 0%
881200 Central Service Alloc Charges -$                              100% 0%

0000 Jury Duty 727$                             100% 0%
0000 Administrative Leave 260$                             100% 0%
0000 Night Shift Premium 49$                               100% 0%
0000 Temporary Foreman Pay 236$                             100% 0%
0000 Overtime At Straight Rate 175$                             100% 0%
0000 [Other] -$                              100% 0%
0006 [Other] -$                              100% 0%
0000 [Other] -$                              100% 0%
0000 [Other] -$                              100% 0%

Public Works / PW-Sewer Systems Debt Service 

481000 SRF Loan - Headworks Project 477,387$                      100% 0%
481020 SRF Loan - Cogeneration Project 339,474$                      100% 0%
482000 Sewer Refunding Revenue Bond 4,852,000$                   100% 0%

0000 Pension Obligation Bonds (POB) 298,011$                      100% 0%
0000 Revenue Bonds - NEW 1,638,768$                   100% 0%
0000 SRF Loan - NEW -$                              100% 0%
0000 [Other] -$                              100% 0%
0000 [Other] -$                              100% 0%
0000 [Other] -$                              100% 0%
0000 [Other] -$                              100% 0%

Public Works I PW-Sewer Sys-CoGen/Landfill

411100 Salaries - Regular 83,750$                        45% 50% 5% 0% 100%
411210 Vacation -$                              45% 50% 5% 0% 100%
411220 Holidays & Special Days Off -$                              45% 50% 5% 0% 100%
411240 Sick Leave -$                              45% 50% 5% 0% 100%
411245 Family Illness Sick Leave -$                              45% 50% 5% 0% 100%
411510 Accrued Payroll -$                              45% 50% 5% 0% 100%
411521 Accrued Sick Leave Yr End Only -$                              45% 50% 5% 0% 100%
411522 Accrued Vacation Year-End Only -$                              45% 50% 5% 0% 100%
411530 Accrued Comp. Time Earned -$                              45% 50% 5% 0% 100%
412210 Workers Compensation Ins 3,178$                          45% 50% 5% 0% 100%
412220 Health Insurance 14,222$                        45% 50% 5% 0% 100%
412221 Retiree Health Insurance -$                              45% 50% 5% 0% 100%
412222 Dental Insurance 772$                             45% 50% 5% 0% 100%
412230 Life Insurance 214$                             45% 50% 5% 0% 100%
412240 Unemployment Insurance 42$                               45% 50% 5% 0% 100%
412250 Disability Insurance 195$                             45% 50% 5% 0% 100%
412310 PERS Retirement 19,261$                        45% 50% 5% 0% 100%
412320 Medicare OASDI 1,215$                          45% 50% 5% 0% 100%
413110 Overtime At Straight Rate 4,925$                          45% 50% 5% 0% 100%
413120 Overtime At 1.5 Rate 17,588$                        45% 50% 5% 0% 100%
413130 Overtime At Double Time Rate 3,518$                          45% 50% 5% 0% 100%
413210 Holiday OIT-Straight/Non-Sched -$                              45% 50% 5% 0% 100%
413230 Holiday OIf-Strt/Subj To Retir -$                              45% 50% 5% 0% 100%
419910 Salaries Adjustment Factor -$                              45% 50% 5% 0% 100%
421000 Professional Services 127,128$                      45% 50% 5% 0% 100%
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421043 Prof Svcs Regulatory Comp 35,177$                        45% 50% 5% 0% 100%
422100 Telephone 704$                             45% 50% 5% 0% 100%
422120 Telephone - Cellular 1,477$                          45% 50% 5% 0% 100%
422200 Electric 44,454$                        45% 50% 5% 0% 100%
422300 Gas 386,942$                      45% 50% 5% 0% 100%
422500 Water 704$                             45% 50% 5% 0% 100%
422600 Other Utilities 844$                             45% 50% 5% 0% 100%
422700 Refuse/Disposal Fees 1,393$                          45% 50% 5% 0% 100%
423100 Equipment Rental 844$                             45% 50% 5% 0% 100%
424130 Maint/Repair of Bldgs & Improv 3,518$                          45% 50% 5% 0% 100%
424200 Maintenance & Repair - General -$                              45% 50% 5% 0% 100%
424220 All Other Equip Maint/Repair 343,815$                      45% 50% 5% 0% 100%
424230 Central Garage Charges 1,435$                          45% 50% 5% 0% 100%
425200 Periodicals & Dues 281$                             45% 50% 5% 0% 100%
425400 General Office Expense 704$                             45% 50% 5% 0% 100%
426100 Janitorial Supplies 176$                             45% 50% 5% 0% 100%
426200 Clothing/Linen/Safety Supplies 1,093$                          45% 50% 5% 0% 100%
426300 Motor Fuels & Lubricants 21,106$                        45% 50% 5% 0% 100%
426600 Chemical Supplies 9,106$                          45% 50% 5% 0% 100%
426700 Maintenance Tools/Supplies 704$                             45% 50% 5% 0% 100%
426710 Work Boot Reimbursement 211$                             45% 50% 5% 0% 100%
426800 Special Department Supplies 352$                             45% 50% 5% 0% 100%
427100 Travel & Meeting Expense 359$                             45% 50% 5% 0% 100%
427200 Training 2,294$                          45% 50% 5% 0% 100%
428400 Insurance / All Other 4,325$                          45% 50% 5% 0% 100%
448000 Employee Meal Allowance 108$                             45% 50% 5% 0% 100%
881100 General Fund Allocation Chgs 57,639$                        45% 50% 5% 0% 100%
881200 Central Service Alloc Charges -$                              45% 50% 5% 0% 100%

0000 Compensatory Time 294$                             100% 0%
0000 Administrative Leave 44$                               100% 0%
0000 [Other] -$                              100% 0%
0000 [Other] -$                              100% 0%

Public Works / PW-Sewer-Capital Project Serv 

422100 Telephone 165$                              100% 100%
422120 Telephone - Cellular 198$                             100% 100%
424220 All Other Equip Maint/Repair 362$                             100% 0%
425200 Periodicals & Dues 171$                             100% 0%
425300 Photo & Recording Supplies 86$                               100% 0%
425400 General Office Expense 153$                             100% 100%
425500 Postage 13$                               100% 100%
425600 Central Printing Charges 66$                               100% 100%
426800 Special Department Supplies 105$                             100% 100%
427100 Travel & Meeting Expense 132$                             100% 100%
427200 Training 119$                             100% 100%

0000 [Other] -$                              100% 100%
0000 [Other] -$                              100% 100%

Additional O&M Treatment Costs (developed by Carollo)

0000 New Headworks -$                              44% 33% 17% 5% 2% 0% 100%
0000 Biofilters -$                              44% 33% 17% 5% 2% 0% 100%
0000 Primary Clarifiers -$                              44% 33% 17% 5% 2% 0% 100%
0000 Primary Sludge Pump Station -$                              44% 33% 17% 5% 2% 0% 100%
0000 Primary Effluent EQ -$                              44% 33% 17% 5% 2% 0% 100%
0000 Primary EQ Pumps -$                              44% 33% 17% 5% 2% 0% 100%
0000 Fine (perforated) Screens -$                              44% 33% 17% 5% 2% 0% 100%
0000 MBR Facility and RAS/WAS Pumps -$                              44% 33% 17% 5% 2% 0% 100%
0000 Primary Sludge Thickeners (GBTs) -$                              44% 33% 17% 5% 2% 0% 100%
0000 WAS Thickeners (GBTs) -$                              44% 33% 17% 5% 2% 0% 100%
0000 Chlorine Contact Basin -$                              44% 33% 17% 5% 2% 0% 100%
0000 Acid-Phase Digester -$                              44% 33% 17% 5% 2% 0% 100%
0000 Cogeneration Engines -$                              44% 33% 17% 5% 2% 0% 100%
0000 Fuel Cells -$                              44% 33% 17% 5% 2% 0% 100%
0000 Reclaim and Reuse Water -$                              44% 33% 17% 5% 2% 0% 100%
0000 Energy Management -$                              44% 33% 17% 5% 2% 0% 100%
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0000 [Other] -$                              100% 0%
0000 [Other] -$                              100% 0%

100% 100%
100% 100%

Subtotals:  33,867,062$                 -$                        573,300$               8,971,748$                    4,263,044$              2,514,549$          583,319$             267,122$              16,693,980$          
Re-Allocation of "As All Others":  -                          557,306                 8,721,450                      4,144,112                2,444,397            567,046               259,669                

Total Allocation:  33,867,062$                 -$                        1,130,606$           17,693,198$                 8,407,156$             4,958,946$         1,150,365$         526,791$              
Percentage Allocation:  0% 3% 52% 25% 15% 3% 2%

(1) "As All Others" costs are re-allocated based on functional cost allocation to billable constituents

FY 2008 Functional Allocation
Expenditures 2009 Customer Pumping Flow BOD5 TSS NIT O/G
Ongoing Operating Expenses

Operating Expenses 26,261,421$                 3% 52% 25% 15% 3% 2% 0% 100%
Other Operating Expenses

Debt Service 7,605,640$                   3% 52% 25% 15% 3% 2% 0% 100%
Rate Funded Capital Improvements -$                              3% 52% 25% 15% 3% 2% 0% 100%
Replacement Funding -$                              0% 44% 33% 17% 5% 2% 0% 100%
Additions to Fund Balances -$                              100% 0%
Utility Tax 703,645$                      100% 0%

100% 0%
Less Off-Setting Revenues
Over/Under Collection of Rates -$                              100% 0%
Rate Increase Due to Delay -$                              100% 0%
Coverage Driven Increase 2,266,823$                   100% 0%
CSD Revenues (6,568,458)$                 100% 0%
Interest Earnings (354,485)$                     100% 0%
Misc Revenue (681,312)$                     100% 0%
Connection Fees Revenues -$                              55% 37% 7% 0% 100%

Subtotals:  29,233,276$                 -$                        1,130,606$            17,693,198$                  8,407,156$              4,958,946$          1,150,365$          526,791$              (4,633,786)$          
Re-Allocation of "As All Others":  -                          (154,693)                (2,420,833)                     (1,150,290)               (678,497)              (157,396)              (72,077)                 

Total Allocation:  29,233,276$                 -$                        975,913$              15,272,365$                 7,256,865$             4,280,449$         992,969$            454,714$              
Percentage Allocation:  0% 3% 52% 25% 15% 3% 2%

Pumping Flow BOD5 TSS Nit O/G
975,913$              15,272,365$                 7,256,865$             4,280,449$         992,969$            454,714$              

RATE CALCULATION Customer Pumping Flow BOD5 TSS NIT O/G

Total Cost Allocation -$                        975,913$               15,272,365$                  7,256,865$              4,280,449$          992,969$             454,714$              29,233,276$          

Annual # of 
Accounts

Total Flow
(CCF)

Total Flow
(CCF)

Total B.O.D.
(lbs)

Total T.S.S.
(lbs)

Total Nit
(lbs)

Total O/G
(lbs)

Customer Information excluding CSDs - (Totals) 129,862 2,855,724 12,640,077 19,606,504 18,902,948 2,381,362 5,867,960 $29,233,276

Per Unit Costs $ / Accounts $ / CCF $ / CCF $ / lbs B.O.D $ / lbs TSS $ / lbs Nit $ / lbs O/G
$0.00 $0.34 $1.21 $0.37 $0.23 $0.42 $0.08
fixed

Per Unit Costs including Pumping $0.00 $1.55 $0.37 $0.23 $0.42 $0.08
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76811355.45
USER RATE CALCULATION 39,213,008$            

0.19$                        
Number of 

RESIDENTIAL Accounts Pumping Flow (CCF) BOD (lbs) TSS (lbs) NIT (lbs) O/G (lbs)

BASIC MULTI-FAMILY DWELLING UNIT Actual annual 2,003,266 2,843,071              3,236,726          384,908             787,312                
flat charge per month Actual monthly 20,677 166,939 236,923 269,727 32,076 65,609 Check: Rate X Acc

Monthly units 8.07 11.46 13.05 1.55 3.17 Calculated Monthly Charge
 Charge per month $0.00 9.76$                             4.24$                        2.95$                   0.65$                   0.25$                    $17.84 4,427,180$          

BASIC SINGLE FAMILY DWELLING UNIT Actual annual 4,718,349 6,696,365              7,623,554          906,585             1,854,378             
flat charge per month Actual monthly 43,952 393,196 558,030 635,296 75,549 154,532

Monthly units 8.95 12.70 14.45 1.72 3.52 Calculated Monthly Charge
 Charge per month $0.00 10.81$                           4.70$                        3.27$                   0.72$                   0.27$                    $19.77 10,427,463$        

BASIC MULTI-FAMILY DWELLING - PUMPING Actual annual 642,060 911,224                 1,037,393          123,366             252,339                
flat charge per month Actual monthly 6,627 53,505 75,935 86,449 10,280 21,028

Monthly units 8.07 11.46 13.05 1.55 3.17 Calculated Monthly Charge
 Charge per month $0.00 12.51$                           4.24$                        2.95$                   0.65$                   0.25$                    $20.60 1,638,359$          

BASIC SINGLE FAMILY DWELLING - PUMPING Actual annual 1,776,866 2,521,760              2,870,926          341,407             698,333                
flat charge per month Actual monthly 16,552 148,072 210,147 239,244 28,451 58,194

Monthly units 8.95 12.70 14.45 1.72 3.52 Calculated Monthly Charge
 Charge per month $0.00 13.87$                           4.70$                        3.27$                   0.72$                   0.27$                    $22.83 4,534,065$          

Number of 
COMMERCIAL Accounts Pumping Flow (CCF) BOD (lbs) TSS (lbs) NIT (lbs) O/G (lbs)

BASIC COMMERCIAL (FLAT RATE) Actual annual 7,671 10,886                   12,394               1,196                 4,067                    
flat charge per month Actual monthly 71 639 907 1,033 100 339

Monthly units 8.95 12.70 14.45 1.40 4.74 Calculated Monthly Charge
 Charge per month $0.00 10.81$                           4.70$                        3.27$                   0.58$                   0.37$                    $19.73 16,918$               

BASIC COMMERCIAL - PUMPING (FLAT RATE) Actual annual 1,380 1,958                      2,229                 215                    732                       
flat charge per month Actual monthly 13 115 163 186 18 61

Monthly units 8.95 12.70 14.45 1.40 4.74 Calculated Monthly Charge
 Charge per month $0.00 13.87$                           4.70$                        3.27$                   0.58$                   0.37$                    $22.79 3,515$                  

Number of 
COMMERCIAL Accounts Pumping Flow (CCF) BOD (lbs) TSS (lbs) NIT (lbs) O/G (lbs)

110,578 103,473                   96,575                 17,246                 58,635                  
DEPARTMENT & RETAIL STORES Billing unit (ccf) and load (mg 354 1 150                         140                    25                      85                         
charge per unit sewer flow Qtty per unit 748                                0.94                          0.87                     0.16                     0.53                      Calculated Unit Charge

 Charge per month 1.21$                             0.35$                        0.20$                   0.07$                   0.04$                    $1.86 205,508$             
178,725 278,737                   211,840               27,874                 95,885                  

HOTELS & MOTELS Billing unit (ccf) and load (mg 37 1 250                         190                    25                      86                         
Qtty per unit 748 1.56                          1.19                     0.16                     0.54                      Calculated Unit Charge

 Charge per month 1.21$                             0.58$                        0.27$                   0.07$                   0.04$                    $2.16 386,135$             
35,234                           32,970                     31,651                 6,770                   27,475                  

LAUNDROMATS Billing unit (ccf) and load (mg 27 1 150                         144                    31                      125                       
Qtty per unit 748 0.94                          0.90                     0.19                     0.78                      Calculated Unit Charge

 Charge per month 1.21$                             0.35$                        0.20$                   0.08$                   0.06$                    $1.90 66,893$               
6,265                             17,589                     15,869                 1,204                   4,378                    

LAUNDRIES Billing unit (ccf) and load (mg 3 1 450                         406                    31                      112                       
Qtty per unit 748 2.81                          2.53                     0.19                     0.70                      Calculated Unit Charge

 Charge per month 1.21$                             1.04$                        0.57$                   0.08$                   0.05$                    $2.96 18,515$               
54,232                           270,653                   168,143               10,420                 28,757                  

MARKETS Billing unit (ccf) and load (mg 87 1 800                         497                    31                      85                         
Qtty per unit 748 4.99                          3.10                     0.19                     0.53                      Calculated Unit Charge

 Charge per month 1.21$                             1.85$                        0.70$                   0.08$                   0.04$                    $3.88 210,350$             
2,832                             14,136                     14,083                 544                      1,113                    
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MORTUARIES Billing unit (ccf) and load (mg 6 1 800                         797                    31                      63                         
Qtty per unit 748 4.99                          4.97                     0.19                     0.39                      Calculated Unit Charge

 Charge per month 1.21$                             1.85$                        1.13$                   0.08$                   0.03$                    $4.29 12,156$               
110,572                         89,672                     49,664                 17,245                 58,632                  

PROFESSIONAL OFFICES Billing unit (ccf) and load (mg 267 1 130                         72                      25                      85                         
Qtty per unit 748 0.81                          0.45                     0.16                     0.53                      Calculated Unit Charge

 Charge per month 1.21$                             0.30$                        0.10$                   0.07$                   0.04$                    $1.72 189,769$             
66,986                           83,576                     136,646               12,871                 297,947                

REPAIR SHOPS & SERVICE STATIONS Billing unit (ccf) and load (mg 181 1 200                         327                    31                      713                       
Qtty per unit 748 1.25                          2.04                     0.19                     4.45                      Calculated Unit Charge

 Charge per month 1.21$                             0.46$                        0.46$                   0.08$                   0.34$                    $2.56 171,266$             
145,665                         908,707                   523,415               57,418                 228,085                

RESTAURANTS Billing unit (ccf) and load (mg 256 1 1,000                      576                    63                      251                       
Qtty per unit 748 6.24                          3.59                     0.39                     1.57                      Calculated Unit Charge

 Charge per month 1.21$                             2.31$                        0.81$                   0.16$                   0.12$                    $4.62 672,476$             
1,173,702                      1,098,289                1,025,070            183,048               622,364                

OTHER COMMERCIAL Billing unit (ccf) and load (mg 1,847 1 150                         140                    25                      85                         
Qtty per unit 748 0.94                          0.87                     0.16                     0.53                      Calculated Unit Charge

 Charge per month 1.21$                             0.35$                        0.20$                   0.07$                   0.04$                    $1.86 2,181,305$          
163,129                         228,972                   203,531               25,441                 64,112                  

HOSPITAL Billing unit (ccf) and load (mg 36 1 225                         200                    25                      63                         
Qtty per unit 748 1.40                          1.25                     0.16                     0.39                      Calculated Unit Charge

 Charge per month 1.21$                             0.52$                        0.28$                   0.07$                   0.03$                    $2.11 343,514$             
74,250                           92,639                     88,007                 11,580                 39,371                  

CHURCHES & HALLS Billing unit (ccf) and load (mg 154 1 200                         190                    25                      85                         
Qtty per unit 748 1.25                          1.19                     0.16                     0.53                      Calculated Unit Charge

 Charge per month 1.21$                             0.46$                        0.27$                   0.07$                   0.04$                    $2.04 151,808$             
149,285                         107,098                   91,266                 23,282                 12,107                  

SCHOOLS "B" Billing unit (ccf) and load (mg 104 1.0 115                         98                      25                      13                         
Qtty per unit 748 0.72                          0.61                     0.16                     0.08                      Calculated Unit Charge

 Charge per month 1.21$                             0.27$                        0.14$                   0.07$                   0.01$                    $1.68 251,326$             
101,133                         94,635                     87,064                 15,773                 53,627                  

OTHER COMMERCIAL "A" (1) Billing unit (ccf) and load (mg 61 1.0 150                           138                      25                        85                         
Qtty per unit 748 0.94                          0.86                     0.16                     0.53                      Calculated Unit Charge

 Charge per month 1.21$                             0.35$                        0.19$                   0.07$                   0.04$                    $1.86 187,669$             
93,842                           87,813                     83,129                 14,635                 49,760                  

OTHER COMMERCIAL "B" (1) Billing unit (ccf) and load (mg 238 1.0 150                           142                      25                        85                         
Qtty per unit 748 0.94                          0.89                     0.16                     0.53                      Calculated Unit Charge

 Charge per month 1.21$                             0.35$                        0.20$                   0.07$                   0.04$                    $1.86 174,669$             

(1) Other Commercial "A" is assumed to be 60% of a unit of CCF and Other Commercial "B" is assumed to be 30% of a unit of CCF

COMMERCIAL Accounts Pumping Flow (CCF) BOD (lbs) TSS (lbs) NIT (lbs) O/G (lbs)
41,533                           38,864                     36,273                 6,477                   22,023                  

DEPARTMENT & RETAIL STORES - PUMPING Billing unit (ccf) and load (mg 87 1 150                         140                    25                      85                         
charge per unit sewer flow Qtty per unit 748                              0.94                        0.87                   0.16                   0.53                      Calculated Unit Charge

 Charge per month 1.55$                             0.35$                        0.20$                   0.07$                   0.04$                    $2.20 91,381$               
14,946 23,310                     17,715                 2,331                   8,019                    

HOTELS & MOTELS - PUMPING Billing unit (ccf) and load (mg 8 1 250                         190                    25                      86                         
Qtty per unit 748 1.56                          1.19                     0.16                     0.54                      Calculated Unit Charge

 Charge per month 1.55$                             0.58$                        0.27$                   0.07$                   0.04$                    $2.50 37,399$               
13,885                           12,993                     12,473                 2,668                   10,828                  

LAUNDROMATS - PUMPING Billing unit (ccf) and load (mg 8 1 150                         144                    31                      125                       
Qtty per unit 748 0.94                          0.90                     0.19                     0.78                      Calculated Unit Charge

 Charge per month 1.55$                             0.35$                        0.20$                   0.08$                   0.06$                    $2.24 31,107$               
75                                  211                           190                      14                        52                         

LAUNDRIES - PUMPING Billing unit (ccf) and load (mg 1 1 450                         406                    31                      112                       
Qtty per unit 748 2.81                          2.53                     0.19                     0.70                      Calculated Unit Charge

 Charge per month 1.55$                             1.04$                        0.57$                   0.08$                   0.05$                    $3.30 248$                     
20,396                           101,787                   63,235                 3,919                   10,815                  

MARKETS - PUMPING Billing unit (ccf) and load (mg 19 1 800                         497                    31                      85                         
Qtty per unit 748 4.99                          3.10                     0.19                     0.53                      Calculated Unit Charge

 Charge per month 1.55$                             1.85$                        0.70$                   0.08$                   0.04$                    $4.22 86,078$               
114                                568                           566                      22                        45                         
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MORTUARIES - PUMPING Billing unit (ccf) and load (mg 1 1 800                         797                    31                      63                         
Qtty per unit 748 4.99                          4.97                     0.19                     0.39                      Calculated Unit Charge

 Charge per month 1.55$                             1.85$                        1.13$                   0.08$                   0.03$                    $4.63 527$                     
50,005                           40,553                     22,460                 7,799                   26,515                  

PROFESSIONAL OFFICES - PUMPING Billing unit (ccf) and load (mg 26 1 130                         72                      25                      85                         
Qtty per unit 748 0.81                          0.45                     0.16                     0.53                      Calculated Unit Charge

 Charge per month 1.55$                             0.30$                        0.10$                   0.07$                   0.04$                    $2.06 102,909$             
14,528                           18,126                     29,636                 2,791                   64,619                  

REPAIR SHOPS & SERVICE STATIONS - PUMPINGBilling unit (ccf) and load (mg 34 1 200                         327                    31                      713                       
Qtty per unit 748 1.25                          2.04                     0.19                     4.45                      Calculated Unit Charge

 Charge per month 1.55$                             0.46$                        0.46$                   0.08$                   0.34$                    $2.90 42,109$               
65,293                           407,321                   234,617               25,737                 102,238                

RESTAURANTS - PUMPING Billing unit (ccf) and load (mg 62 1 1,000                      576                    63                      251                       
Qtty per unit 748 6.24                          3.59                     0.39                     1.57                      Calculated Unit Charge

 Charge per month 1.55$                             2.31$                        0.81$                   0.16$                   0.12$                    $4.96 323,746$             
148,622                         139,073                   129,801               23,179                 78,808                  

OTHER COMMERCIAL - PUMPING Billing unit (ccf) and load (mg 273 1 150                         140                    25                      85                         
Qtty per unit 748 0.94                          0.87                     0.16                     0.53                      Calculated Unit Charge

 Charge per month 1.55$                             0.35$                        0.20$                   0.07$                   0.04$                    $2.20 327,001$             
9,984                             14,014                     12,457                 1,557                   3,924                    

HOSPITAL - PUMPING Billing unit (ccf) and load (mg 5 1 225                         200                    25                      63                         
Qtty per unit 748 1.40                          1.25                     0.16                     0.39                      Calculated Unit Charge

 Charge per month 1.55$                             0.52$                        0.28$                   0.07$                   0.03$                    $2.45 24,436$               
8,896                             11,100                     10,545                 1,387                   4,717                    

CHURCHES & HALLS - PUMPING Billing unit (ccf) and load (mg 21 1 200                         190                    25                      85                         
Qtty per unit 748 1.25                          1.19                     0.16                     0.53                      Calculated Unit Charge

 Charge per month 1.55$                             0.46$                        0.27$                   0.07$                   0.04$                    $2.39 21,229$               
15,122                           10,849                     9,245                   2,358                   1,226                    

SCHOOLS "B" - PUMPING Billing unit (ccf) and load (mg 31 1.0 115                         98                      25                      13                         
Qtty per unit 748 0.72                          0.61                     0.16                     0.08                      Calculated Unit Charge

 Charge per month 1.55$                             0.27$                        0.14$                   0.07$                   0.01$                    $2.03 30,627$               
17,835                           16,689                     15,354                 2,782                   9,457                    

OTHER COMMERCIAL "A" - PUMPING Billing unit (ccf) and load (mg 9 1.0 150                         138                    25                      85                         
Qtty per unit 748 0.94                          0.86                     0.16                     0.53                      Calculated Unit Charge

 Charge per month 1.55$                             0.35$                        0.19$                   0.07$                   0.04$                    $2.20 39,191$               
14,183                           13,272                     12,564                 2,212                   7,521                    

OTHER COMMERCIAL "B" - PUMPING Billing unit (ccf) and load (mg 44 1.0 150                         142                    25                      85                         
Qtty per unit 748 0.94                          0.89                     0.16                     0.53                      Calculated Unit Charge

 Charge per month 1.55$                             0.35$                        0.20$                   0.07$                   0.04$                    2.20$                     31,247$               

per gallon per mg/L BOD per lbs TSS per lbs Nit per lbs O/G
Existing Unit Cost 95,994                    0.0010$                         0.18$                        0.21$                   ? 0.56$                    

0.76$                             

Accounts Pumping Flow (CCF) BOD (lbs) TSS (lbs) NIT (lbs) O/G (lbs)
SPECIAL USERS Corona College Heights 15,044                           34,771                     17,174                 2,891                   2,628                    

Billing unit (ccf) and load (mg/l) 1 371                           183                      31                        28                         
Qtty per unit 748 2.31                          1.14                     0.19                     0.17                      Calculated Unit Charge

 Charge per month 1.21$                             0.86$                        0.26$                   0.08$                   0.01$                    $2.42 36,345$               
0.76$                             0.41$                        0.23$                   0.10$                    $1.50

J.C. Grease Buyers 366                                348                           217                      70                        14                         
Billing unit (ccf) and load (mg/l) 1 153                           95                        31                        6                           

Qtty per unit 748 0.95                          0.59                     0.19                     0.04                      Calculated Unit Charge
 Charge per month 1.21$                             0.35$                        0.13$                   0.08$                   0.00$                    $1.78 651$                     

0.76$                             0.17$                        0.12$                   0.02$                    $1.07
La Sierra University 36,554 113,675                   140,925               7,023                   10,490                  

Billing unit (ccf) and load (mg/l) 1 499                           618                      31                        46                         
Qtty per unit 748 3.11                          3.86                     0.19                     0.29                      Calculated Unit Charge

 Charge per month 1.21$                             1.15$                        0.87$                   0.08$                   0.02$                    $3.33 121,893$             
0.76$                             0.55$                        0.79$                   0.16$                    $2.26
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Pepsi Bottling Group 172,121                         413,929                   41,876                 33,071                 7,516                    
Billing unit (ccf) and load (mg/l) 1 386                           39                        31                        7                           

Qtty per unit 748 2.40                          0.24                     0.19                     0.04                      Calculated Unit Charge
 Charge per month 1.21$                             0.89$                        0.06$                   0.08$                   0.00$                    $2.24 385,026$             

0.76$                             0.43$                        0.05$                   0.02$                    $1.26
Prudential Overall Supply 29,771                           102,982                   21,172                 5,720                   16,715                  

Billing unit (ccf) and load (mg/l) 1 555                           114                      31                        90                         
Qtty per unit 748 3.46                          0.71                     0.19                     0.56                      Calculated Unit Charge

 Charge per month 1.21$                             1.28$                        0.16$                   0.08$                   0.04$                    $2.77 82,562$               
0.76$                             0.62$                        0.15$                   0.31$                    $1.83

Ralphs Grocery Company 108,236                         528,016                   154,624               20,797                 67,521                  
Billing unit (ccf) and load (mg/l) 1 782                           229                      31                        100                       

Qtty per unit 748 4.88                          1.43                     0.19                     0.62                      Calculated Unit Charge
 Charge per month 1.21$                             1.81$                        0.32$                   0.08$                   0.05$                    $3.47 375,126$             

0.76$                             0.87$                        0.29$                   0.35$                    $2.27
Stremicks Heritage Foods 53,872                           277,089                   72,255                 10,351                 37,976                  

Billing unit (ccf) and load (mg/l) 1 825                           215                      31                        113                       
Qtty per unit 748 5.14                          1.34                     0.19                     0.70                      Calculated Unit Charge

 Charge per month 1.21$                             1.90$                        0.30$                   0.08$                   0.05$                    $3.55 191,268$             
0.76$                             0.94$                        0.28$                   0.40$                    $2.37

Swiss Dairy 16,279                           166,950.13$            29,652.94$          3,127.78$            14,014                  
Billing unit (ccf) and load (mg/l) 1 1,644                        292                      31                        138                       

Qtty per unit 748 10.26                        1.82                     0.19                     0.86                      Calculated Unit Charge
 Charge per month 1.21$                             3.80$                        0.41$                   0.08$                   0.07$                    $5.56 90,566$               

0.76$                             1.87$                        0.38$                   0.48$                    $3.49
Tri-City Linen Supply 58,366                           156,383                   73,185                 11,214                 66,995                  

Billing unit (ccf) and load (mg/l) 1 430                           201                      31                        184                       
Qtty per unit 748 2.68                          1.25                     0.19                     1.15                      Calculated Unit Charge

 Charge per month 1.21$                             0.99$                        0.28$                   0.08$                   0.09$                    $2.65 154,842$             
0.76$                             0.49$                        0.26$                   0.65$                    $2.16

Triple H Foods, Inc. 39,481                           258,490                   26,354                 7,586                   5,665                    
Billing unit (ccf) and load (mg/l) 1 1,050                        107                      31                        23                         

Qtty per unit 748 6.55                          0.67                     0.19                     0.14                      Calculated Unit Charge
 Charge per month 1.21$                             2.42$                        0.15$                   0.08$                   0.01$                    $3.87 152,947$             

0.76$                             1.19$                        0.14$                   0.08$                    $2.17
Windsor Foods 58,546                           210,921                   109,204               11,249                 48,211                  

Billing unit (ccf) and load (mg/l) 1 578                           299                      31                        132                       
Qtty per unit 748 3.60                          1.87                     0.19                     0.82                      Calculated Unit Charge

 Charge per month 1.21$                             1.33$                        0.42$                   0.08$                   0.06$                    3.11$                     181,961$             
0.76$                             0.66$                        0.39$                   0.46$                    2.27$                     
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City of Riverside
WASTEWATER FINANCIAL ANALYSIS
HANDOUT 6: Example - Revised Connection Fees

User Rate Categories Existing Fees
Proposed Fees 

FY 2007/08

Proposed Fees 
FY 2007/08 

(Treatment Only)

Residential Sewer Rates
Residence on Septic System -$                    -$                      -$                      
Basic Multi-Family Dwelling Unit 2,563$                3,134$                  1,621$                  
Basic Single Family Dwelling Unit 2,684$                3,472$                  1,796$                  
Basic Single Family Dwelling - Pumping 2,684$                3,472$                  1,796$                  
Basic Multi-Family Dwelling Units - Pumping 2,563$                3,134$                  1,621$                  

Commercial Sewer Rates
Basic Commercial (Flat Rate) N/A 3,472$                  1,796$                  
Basic Commercial - Pumping (Flat Rate) N/A 3,472$                  1,796$                  

Commercial Rate Structure
Department & Retail Stores 9,333$                8,472$                  3,914$                  
Hotels & Motels 40,920$              157,693$              82,320$                
Laundromats N/A 35,726$                16,521$                
Laundries N/A 81,492$                48,944$                
Markets 4,667$                40,256$                26,632$                
Mortuaries 3,639$                32,853$                21,943$                
Professional Offices 7,000$                10,552$                4,633$                  
Repair Shops & Service Stations 700$                   11,675$                5,954$                  
Restaurants 1,167$                43,300$                29,568$                
Other Commercial 4,305$                17,258$                7,972$                  
Hospitals 9,333$                142,988$              73,076$                
Churches & Halls 2,333$                14,600$                7,261$                  
Schools "A" N/A N/A N/A
Schools "B" 2,971$                35,846$                15,450$                
Other Commercial "A" N/A 45,267$                20,901$                
Other Commercial "B" N/A 10,721$                4,955$                  

Commercial Rate Structure - Pumping
Department & Retail Stores 9,333$                12,898$                5,958$                  
Hotels & Motels 40,920$              60,285$                31,470$                
Laundromats N/A 46,261$                21,392$                
Laundries N/A 2,931$                  1,761$                  
Markets 4,667$                70,967$                46,949$                
Mortuaries 3,639$                6,602$                  4,409$                  
Professional Offices 7,000$                49,670$                21,809$                
Repair Shops & Service Stations 700$                   13,534$                6,902$                  
Restaurants 1,167$                80,566$                55,015$                
Other Commercial 4,305$                14,793$                6,834$                  
Hospitals 9,333$                67,824$                34,662$                
Churches & Halls 2,333$                12,828$                6,380$                  
Schools "A" N/A N/A N/A
Schools "B" 2,971$                11,969$                5,159$                  
Other Commercial "A" N/A 51,890$                23,959$                
Other Commercial "B" N/A 8,699$                  4,021$                  
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     City of Riverside
           WASTEWATER FINANCIAL ANALYSIS
            HANDOUT 5: Revised Summary of Rates

Full CIP Scenario

User Rate Categories
Existing   

Monthly Rate

Proposed 
Monthly Rate FY 

2008/09

Proposed 
Monthly Rate 
FY 2009/2010 

(15%)

Proposed 
Monthly Rate 
FY 2010/2011 

(17%)

Proposed 
Monthly Rate 
FY 2011/2012 

(14.5%)

Proposed 
Monthly Rate 
FY 2012/2013 

(5.44%)

Proposed 
Monthly Rate 
FY 2013/2014 

(0%)

Proposed 
Monthly Rate 
FY 2014/2015 

(0.7%)

Proposed 
Monthly Rate 
FY 2015/2016 

(2.3%)

Proposed 
Monthly Rate 
FY 2016/2017 

(2.22%)

Proposed 
Monthly Rate 
FY 2017/2018 

(1.92%)

Proposed 
Monthly Rate 
FY 2018/2019 

(1.35%)

Proposed 
Monthly Rate 
FY 2019/2020 

(1.3%)

Proposed 
Monthly Rate 
FY 2020/2021 

(1.61%)

Proposed 
Monthly Rate 
FY 2021/2022 

(2.59%)

Proposed 
Monthly Rate 
FY 2022/2023 

(2.72%)

Proposed 
Monthly Rate 
FY 2023/2024 

(1.69%)

Proposed 
Monthly Rate 
FY 2024/2025 

(2%)

Residential Sewer Rates
Residence on Septic System -$                -$                     -$                   -$                   -$                   -$                   -$                   -$                   -$                   -$                   -$                   -$                   -$                   -$                   -$                   -$                   -$                   -$                   
Basic Multi-Family Dwelling Unit 12.29$            $17.84 20.52$               24.01$               27.49$               28.98$               28.98$               29.19$               29.86$               30.52$               31.11$               31.53$               31.94$               32.45$               33.29$               34.19$               34.77$               35.47$               
Basic Single Family Dwelling Unit 13.05$            $19.77 22.74$               26.60$               30.46$               32.11$               32.11$               32.34$               33.08$               33.82$               34.47$               34.93$               35.39$               35.96$               36.89$               37.89$               38.53$               39.30$               
Basic Single Family Dwelling - Pumping 14.97$            $22.83 26.25$               30.71$               35.17$               37.08$               37.08$               37.34$               38.20$               39.05$               39.80$               40.33$               40.86$               41.52$               42.59$               43.75$               44.49$               45.38$               
Basic Multi-Family Dwelling Units - Pumping 14.21$            $20.60 23.69$               27.72$               31.74$               33.47$               33.47$               33.70$               34.47$               35.24$               35.92$               36.40$               36.87$               37.47$               38.44$               39.48$               40.15$               40.95$               

Commercial Sewer Rates
Basic Commercial (Flat Rate) 13.05$            $19.73 22.69$               26.55$               30.40$               32.05$               32.05$               32.28$               33.02$               33.75$               34.40$               34.86$               35.31$               35.88$               36.81$               37.81$               38.45$               39.22$               
Basic Commercial - Pumping (Flat Rate) 14.97$            $22.79 26.21$               30.66$               35.11$               37.02$               37.02$               37.28$               38.13$               38.98$               39.73$               40.26$               40.79$               41.44$               42.52$               43.67$               44.41$               45.30$               

User Rate Categories
Existing   

Monthly Rate

Proposed 
Monthly Rate FY 

2008/09

Proposed 
Monthly Rate 
FY 2009/2010 

(15%)

Proposed 
Monthly Rate 
FY 2010/2011 

(17%)

Proposed 
Monthly Rate 
FY 2011/2012 

(14.5%)

Proposed 
Monthly Rate 
FY 2012/2013 

(5.44%)

Proposed 
Monthly Rate 
FY 2013/2014 

(0%)

Proposed 
Monthly Rate 
FY 2014/2015 

(0.7%)

Proposed 
Monthly Rate 
FY 2015/2016 

(2.3%)

Proposed 
Monthly Rate 
FY 2016/2017 

(2.22%)

Proposed 
Monthly Rate 
FY 2017/2018 

(1.92%)

Proposed 
Monthly Rate 
FY 2018/2019 

(1.35%)

Proposed 
Monthly Rate 
FY 2019/2020 

(1.3%)

Proposed 
Monthly Rate 
FY 2020/2021 

(1.61%)

Proposed 
Monthly Rate 
FY 2021/2022 

(2.59%)

Proposed 
Monthly Rate 
FY 2022/2023 

(2.72%)

Proposed 
Monthly Rate 
FY 2023/2024 

(1.69%)

Proposed 
Monthly Rate 
FY 2024/2025 

(2%)

Commercial Rate Structure - Non-Pumping (per CCF)
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
Department & Retail Stores 1.06$               1.41$                   1.62$                 1.90$                 2.18$                 2.29$                 2.29$                 2.31$                 2.36$                 2.42$                 2.46$                 2.50$                 2.53$                 2.57$                 2.64$                 2.71$                 2.75$                 2.81$                 
Hotels & Motels 1.23$               1.69$                   1.94$                 2.27$                 2.60$                 2.74$                 2.74$                 2.76$                 2.82$                 2.88$                 2.94$                 2.98$                 3.02$                 3.06$                 3.14$                 3.23$                 3.28$                 3.35$                 
Laundromats 1.06$               1.71$                   1.97$                 2.30$                 2.63$                 2.78$                 2.78$                 2.80$                 2.86$                 2.92$                 2.98$                 3.02$                 3.06$                 3.11$                 3.19$                 3.27$                 3.33$                 3.40$                 
Laundries 1.86$               2.66$                   3.06$                 3.58$                 4.10$                 4.32$                 4.32$                 4.35$                 4.45$                 4.55$                 4.64$                 4.70$                 4.76$                 4.84$                 4.96$                 5.10$                 5.18$                 5.29$                 
Markets 2.42$               3.49$                   4.01$                 4.70$                 5.38$                 5.67$                 5.67$                 5.71$                 5.84$                 5.97$                 6.09$                 6.17$                 6.25$                 6.35$                 6.51$                 6.69$                 6.80$                 6.94$                 
Mortuaries 2.43$               1.89$                   2.17$                 2.54$                 2.91$                 3.07$                 3.07$                 3.09$                 3.16$                 3.23$                 3.29$                 3.34$                 3.38$                 3.43$                 3.52$                 3.62$                 3.68$                 3.75$                 
Professional Offices 0.95$               1.17$                   1.34$                 1.57$                 1.80$                 1.90$                 1.90$                 1.91$                 1.95$                 2.00$                 2.03$                 2.06$                 2.09$                 2.12$                 2.18$                 2.24$                 2.27$                 2.32$                 
Repair Shops & Service Stations 1.54$               2.30$                   2.65$                 3.10$                 3.55$                 3.74$                 3.74$                 3.76$                 3.85$                 3.94$                 4.01$                 4.07$                 4.12$                 4.18$                 4.29$                 4.41$                 4.48$                 4.57$                 
Restaurants 2.53$               3.74$                   4.30$                 5.03$                 5.76$                 6.07$                 6.07$                 6.12$                 6.26$                 6.40$                 6.52$                 6.61$                 6.69$                 6.80$                 6.98$                 7.17$                 7.29$                 7.43$                 
Other Commercial 1.06$               1.67$                   1.92$                 2.25$                 2.58$                 2.72$                 2.72$                 2.74$                 2.80$                 2.86$                 2.92$                 2.96$                 2.99$                 3.04$                 3.12$                 3.21$                 3.26$                 3.32$                 
Hospitals 1.21$               1.77$                   2.03$                 2.38$                 2.73$                 2.87$                 2.87$                 2.89$                 2.96$                 3.03$                 3.08$                 3.13$                 3.17$                 3.22$                 3.30$                 3.39$                 3.45$                 3.52$                 
Churches & Halls 0.99$               0.90$                   1.03$                 1.21$                 1.39$                 1.46$                 1.46$                 1.47$                 1.51$                 1.54$                 1.57$                 1.59$                 1.61$                 1.64$                 1.68$                 1.72$                 1.75$                 1.79$                 
Schools "B" 0.41$               0.51$                   0.58$                 0.68$                 0.78$                 0.82$                 0.82$                 0.83$                 0.85$                 0.86$                 0.88$                 0.89$                 0.90$                 0.92$                 0.94$                 0.97$                 0.98$                 1.00$                 
Other Commercial "A" 0.67$               1.11$                   1.28$                 1.50$                 1.72$                 1.81$                 1.81$                 1.82$                 1.86$                 1.90$                 1.94$                 1.97$                 1.99$                 2.02$                 2.08$                 2.13$                 2.17$                 2.21$                 
Other Commercial "B" 0.33$               0.56$                   0.64$                 0.75$                 0.86$                 0.91$                 0.91$                 0.91$                 0.93$                 0.96$                 0.97$                 0.99$                 1.00$                 1.02$                 1.04$                 1.07$                 1.09$                 1.11$                 

Commercial Rate Structure - Pumping (per CCF)
 Rate zer Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
 Rate per Unit 

CCF 
Department & Retail Stores 1.24$               1.67$                   1.92$                 2.25$                 2.58$                 2.72$                 2.72$                 2.74$                 2.80$                 2.86$                 2.92$                 2.95$                 2.99$                 3.04$                 3.12$                 3.20$                 3.26$                 3.32$                 
Hotels & Motels 1.41$               1.95$                   2.24$                 2.63$                 3.01$                 3.17$                 3.17$                 3.19$                 3.27$                 3.34$                 3.40$                 3.45$                 3.49$                 3.55$                 3.64$                 3.74$                 3.80$                 3.88$                 
Laundromats 1.25$               2.02$                   2.32$                 2.71$                 3.11$                 3.28$                 3.28$                 3.30$                 3.37$                 3.45$                 3.51$                 3.56$                 3.61$                 3.67$                 3.76$                 3.86$                 3.93$                 4.01$                 
Laundries 2.04$               2.97$                   3.41$                 3.99$                 4.57$                 4.82$                 4.82$                 4.85$                 4.96$                 5.08$                 5.17$                 5.24$                 5.31$                 5.40$                 5.54$                 5.69$                 5.78$                 5.90$                 
Markets 2.62$               3.80$                   4.37$                 5.11$                 5.85$                 6.17$                 6.17$                 6.21$                 6.36$                 6.50$                 6.62$                 6.71$                 6.80$                 6.91$                 7.09$                 7.28$                 7.40$                 7.55$                 
Mortuaries 2.61$               2.04$                   2.34$                 2.74$                 3.14$                 3.31$                 3.31$                 3.33$                 3.41$                 3.49$                 3.55$                 3.60$                 3.65$                 3.71$                 3.80$                 3.91$                 3.97$                 4.05$                 
Professional Offices 1.14$               1.40$                   1.61$                 1.88$                 2.16$                 2.27$                 2.27$                 2.29$                 2.34$                 2.39$                 2.44$                 2.47$                 2.50$                 2.55$                 2.61$                 2.68$                 2.73$                 2.78$                 
Repair Shops & Service Stations 1.73$               2.61$                   3.00$                 3.51$                 4.02$                 4.24$                 4.24$                 4.27$                 4.37$                 4.46$                 4.55$                 4.61$                 4.67$                 4.74$                 4.87$                 5.00$                 5.08$                 5.19$                 
Restaurants 2.71$               4.02$                   4.62$                 5.40$                 6.19$                 6.52$                 6.52$                 6.57$                 6.72$                 6.87$                 7.00$                 7.10$                 7.19$                 7.30$                 7.49$                 7.70$                 7.83$                 7.98$                 
Other Commercial 1.24$               1.98$                   2.28$                 2.66$                 3.05$                 3.22$                 3.22$                 3.24$                 3.31$                 3.39$                 3.45$                 3.50$                 3.54$                 3.60$                 3.69$                 3.79$                 3.86$                 3.94$                 
Hospitals 1.40$               2.06$                   2.36$                 2.77$                 3.17$                 3.34$                 3.34$                 3.36$                 3.44$                 3.52$                 3.58$                 3.63$                 3.68$                 3.74$                 3.84$                 3.94$                 4.01$                 4.09$                 
Churches & Halls 1.14$               1.05$                   1.21$                 1.41$                 1.62$                 1.71$                 1.71$                 1.72$                 1.76$                 1.80$                 1.83$                 1.86$                 1.88$                 1.91$                 1.96$                 2.01$                 2.05$                 2.09$                 
Schools "B" 0.49$               0.61$                   0.70$                 0.82$                 0.94$                 0.99$                 0.99$                 0.99$                 1.02$                 1.04$                 1.06$                 1.07$                 1.09$                 1.10$                 1.13$                 1.16$                 1.18$                 1.21$                 
Other Commercial "A" 0.78$               1.32$                   1.52$                 1.77$                 2.03$                 2.14$                 2.14$                 2.16$                 2.21$                 2.26$                 2.30$                 2.33$                 2.36$                 2.40$                 2.46$                 2.53$                 2.57$                 2.62$                 
Other Commercial "B" 0.39$               0.66$                   0.76$                 0.89$                 1.02$                 1.07$                 1.07$                 1.08$                 1.11$                 1.13$                 1.15$                 1.17$                 1.18$                 1.20$                 1.23$                 1.27$                 1.29$                 1.31$                 
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Chapter 3 

MASTER PLAN MANAGER™ HELP MENU 

3.1 PURPOSE 
The City of Riverside (City) is in the process of completing their Wastewater Collection and 
Treatment Facilities Integrated Master Plan (2006-2025) (Integrated Master Plan). One of 
the deliverables is the Master Plan Manager™ (MPM™) software application that has been 
used in the development of the Integrated Master Plan. MPM™ contains a Help Menu that 
can be used by staff in the future as questions arise about the operation of MPM™. In 
addition to a tutorial session, the purpose of this chapter is to provide some basic guidelines 
for using the Help Menu. 

3.2 CONCLUSIONS 
The MPM™ Help Menu will aid the City in the use of MPM™ and help provide information 
for questions that might arise. The complete Help Menu is provided in Appendix A for 
further detail. 

3.3 GENERAL FUNCTIONALITY AND USE 
MPM™’s Help Menu is located at the very top left-hand corner as part of the toolbar, as 
shown in Figure 3.1. When the user clicks on Help, they have three choices: About Master 
Plan Manager™, Contents, and Index. If the user clicks About Master Plan Manager™, the 
version number and logo are displayed as shown in Figure 3.2. 

If the user clicks Content, the screen as shown in Figure 3.3 is displayed. There are three 
tabs on the Help Menu: Contents, Index, and Search. Under Contents, there are several 
options: 

• Welcome to MPM™ 2.0. 

• Getting Started. 

• Overview. 

• Data. 

• Toolbars. 

• Major Components. 

• Pollutants. 

• Database. 

• Reports. 

• Graphs. 

February 2008 3-1 
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MASTER PLAN 
TM MANAGER OVERVIEW

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

FIGURE 3.1
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HELP MENU - 
ABOUT MASTER 

TMPLAN MANAGER

WASTEWATER COLLECTION AND TREATMENT
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FIGURE 3.2
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HELP MENU -
CONTENTS

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

FIGURE 3.3
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Welcome to MPM™ provides basic introductory and methodology information to the user. 
The Getting Started section provides specific information about how to install MPM™ and 
the requirements for the user’s computer in order to support the MPM™ application. The 
Overview section discusses general data entry. 

The Data section provides the detailed functionality information specific to each screen of 
the software and how data is connected, which data is required, and how the user can 
make modifications. The Data section has specific information listed for the screens: 

• General Data Entry. 

• Scenario Summary. 

• Projected Years. 

• Projected Flows and Loads: 
– Domestic Flows and Loads (projected and historical). 
– Industrial Flows and Loads (projected and historical). 
– Other Pollutants (projected and historical). 
– Water Conservation. 

• Capacity Evaluation. 

• Existing Treatment Process. 

• Treatment Train Summary. 

• Flow and Solids Allocation. 

• Effluent Quality: 
– Pollutant Reduction. 
– Pollutant Addition. 
– Regulatory Requirements. 

• Project Schedule. 

• Planned Projects and Costs. 

• Costs: 
– Standard S-Curve. 
– Project Expansion Costs. 
– Project Replacement/Improvement Costs. 
– O&M Costs. 

The Toolbars section provides the user with information on the various toolbars in MPM™. 
The Major Components and Pollutants sections discuss those topics, respectively. The 
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Database portion provides database-specific information. The Reports and Graphs sections 
explain MPM™’s functionality for developing reports and graphs. 

If the user selects the Index tab, a list of topics is displayed, and the user can display 
information by topic, as shown in Figure 3.4. The user can also select the Search tab, type 
in a word, and MPM™ will display the topics associated with that word that the user can 
then display, as shown in Figure 3.5. 
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HELP MENU - 
SEARCH

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN

 

FIGURE 3.5

 

20-Riverside2-08Volume11-F3.5-7472A00.CDR



 

Appendix A 
MPM™ HELP MENU 

 

February 2008 A-1 
H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 11\Ch03.doc 



WELCOME TO MPM 2.0 - INTRODUCTION AND METHODOLOGY 

Introduction 

The master planning process involves developing wastewater flow and pollutant 

load projections, often based on population, for the desired planning time frame. 

These projections are then compared with existing facilities or those that are in 

the midst of construction in order to determine where and when treatment 

capacity needs will be greater than the available capacity. Projections are also 

compared with existing and future regulatory requirements to determine when 

and for which constituents the projected effluent quality will exceed National 

Pollutant Discharge Elimination System (NPDES) permit limits. Once a complete 

scenario is developed, the impact to the Capital Improvement Program (CIP), in 

terms of costs and the implementation schedule, must be calculated. When 

multiple scenarios have been developed, their outputs and impacts can be 

compared against one another to determine the sensitivity of the system to a 

range of parameters. This sensitivity analysis allows an agency to understand a 

variety of options to ensure that they make intelligent, informed decisions. 

The traditional approach to master planning is such that different projection 

options or combinations of options, for example, five percent residential growth or 

a new effluent limit for mercury, need to be evaluated for treatment capacity and 

effluent quality in individual scenarios. If a change is made to any of the inputs, 

the entire scenario must be reconfigured to correctly determine its impacts. 

Developing each scenario is a time and labor intensive process, as is performing 

a sensitivity analysis on the results. 

By using a dynamic and analytical computer software model for the master 

planning process, instead of the "paper" approach, many more options, and thus 

scenarios, can be quickly and easily developed. The impacts from any changes 

or additions can be seen immediately, in real time, including the effects on the 

CIP implementation schedule. Sensitivity analyses can be developed in a fraction 
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of the time, putting the power to make well informed decisions in the agency’s 

hands sooner, while at the same time increasing the number of potential 

scenarios the agency can effectively screen. Ultimately, this interactive modeling 

approach can help agencies make better strategic decisions. 

Methodology 

A software application called the Master Plan ManagerTM (MPM) has been 

developed to more quickly and accurately model the master planning process. 

The MPM computerizes and automates the master plan process by incorporating 

historical and projected flows and loads for domestic, industrial, and 

nontraditional pollutants; water conservation measures; treatment processes and 

capacities; pollutant reduction; regulatory requirements; planned projects and 

costs; and operations and maintenance (O&M) costs. These data are used to 

develop flow and load projections, perform capacity evaluations, determine 

effluent quality, develop project schedules, and develop overall costs. The MPM 

can produce numerous "what-if" scenarios in order to develop a sensitivity 

analysis. 

GETTING STARTED - INSTALLATION AND SYSTEM REQUIREMENTS 

How to Install MPM 

1. Insert the MPM CD-ROM into the CD-ROM drive.  

2. The MPM installation program will start automatically. If it does not, press 

the Start button on the task bar, select Run, type X:setup (where X is the 

letter of your CD-ROM drive), and click the OK button.  

3. Follow the instructions on each installation screen, allowing the computer 

to reboot as necessary during installation.  
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You must have Administrator privileges to install MPM on Windows NT, 2000, 

and XP. 

Upgrading from a Previous Version 

Upgrading to Version 2.0 from MPM Version 1.0 will not affect data you have 

entered into MPM. The existing data will remain unchanged; the data will be 

preserved as it existed just prior to the installation of MPM version 2.0. 

After installation, start MPM as follows: 

• Click the Start button on the task bar  

• Click Programs  

• Click Carollo Engineers > MPM 2.0 > MPM 2.0  

System Requirements 

• Intel® Pentium® 90 MHz or faster (or the minimum required by the 

operating system, whichever is higher)  

• Microsoft® Windows 98 Second Edition, Windows Millennium Edition, 

Windows NT 4.0 with Service Pack 6.0a or later, Windows 2000, or 

Windows XP Professional or Home Edition  

• 32MB of RAM (96MB or higher recommended, or the minimum required 

by the operating system, whichever is higher)  

• 170MB of available hard-disk space (150MB for .NET Framework, plus 

20MB for MPM)  

• 800 x 600 or higher-resolution display with at least 256 colors  

• Internet Explorer 5.01 or later (click to download Internet Explorer 7 from 

Microsoft)  
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OVERVIEW OF MPM 

The MPM screen is divided into three areas: 

1. Menu and Toolbar. The Menu and Toolbar allow the user to add, copy, 

and delete Data Tree items, as well as creating reports and graphs.  

2. Data Tree. The Data Tree is used to navigate through the application. 

Clicking on an item in the tree to displays the data associated with that 

item in the Data Window.  

3. Data Window. The Data Window displays data for the currently selected 

item in the Data Tree.  

 

General Data Entry Information 

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 11\Appendices\Ch03-Appendix A.doc 



Adding Grid Rows  

Rows can be manually added to grids 

by clicking the "Add Row" button at the 

top of the Data Window. 

Rows can be added in this way to the following Data screens:  

• Domestic Flows and Loads - Historical Data  

• Industrial Flows and Loads - Historical Data  

• Industrial Flows and Loads  

• Other Pollutants - Historical Data 

• Existing Treatment Process  

• Planned Projects and Costs 

Adding Grid Rows to Existing Treatment Process and Planned Projects Grids  

To add a row to the Existing Treatment 

Process or Planned Projects grids, click 

the Add Component button in the toolbar a

the top of the Data Window. 

t 

The Major Component box will become 

visible. Drag a component from the Major 

Component box and drop it into the grid, 

or into the train diagram. Both liquid and 

solid train components appear in the 

Major Component box. The solid train 

components are yellow. The liquid train 

components will appear blue in the 

Treatment Process train, and purple in the Planned Projects train.  
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Dragging a component from the Major Components box creates a version of that 

component in the grid or train. The component itself remains in the Major 

Components box so that it can be added repeatedly to the grid or train.  

A component can appear only once in any section of the Treatment Process 

train. For example, the "Filters" component can appear only once in section A of 

the train, once in section B, and so on. A component can appear multiple times in 

the same train section in the Planned Projects train, but the multiple versions will 

serve as added capacity to the original component. See Planned Projects for 

more information on added-capacity components. 

Deleting Grid Rows  

To delete a grid row, use the mouse to click the left-

most column in the grid (the blue column) of the row 

you wish to delete, and press the Delete key on the 

keyboard.  

 

 

Editable Data  

Data in blue text is editable, as shown in the image below. Data in black text is 

not editable.  
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Deleting Pollutants from Other Pollutant Grids  

To delete a pollutant from the grid, click 

the "x" in the column heading of that 

pollutant. 

 
 
 
 
 
 
 

Making Pollutants Active or Inactive  

Click the word "Active" in the pollutant's column heading to make that pollutant 

inactive. The heading will change to "Inactive" and the column will be grayed out. 

Click the heading again to make the pollutant active. When a Domestic pollutant 

is inactive, it will not contribute to the values in the Projected Flows and Loads 

screen, and its values will not be used in any system calculations. Pollutants can 

be made active/inactive in the following screens:  

• Domestic Flows and Loads - 

Historical Data  

• Industrial Flows and Loads  

• Other Pollutants - Historical 

Data  

• Other Pollutants  

Setting a pollutant's values to zero will 

also effectively remove it from system 

calculations, since the pollutant's contribution will be zero. The advantage of 

making the pollutant inactive is that its values are retained (not set to zero) so 

that they will be available if the pollutant is again made active. 
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Locking Columns in Grids  

Columns in the grids can be locked so that when the 

grid data is scrolled, the locked columns remain visible 

and do not scroll out of view. Columns can be locked by 

holding the mouse over the left-most blue column until a 

small lock appears, as shown in the first image (right). 

Once the 

lock appears, hold down the left 

mouse button and drag the lock to 

the right over the columns to be 

locked, as shown in the second 

image (left). Release the mouse 

button to lock the columns. 

 
DATA 

Scenario Summary 

When MPM opens, the 

Scenario Summary screen is 

displayed. The Scenario 

Summary screen provides an 

overview of the system and 

allows users to make selections 

relating to the system. 
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System Selections  

Calculations made by the system are based on the selections made in the 

Scenario Summary screen. For instance, the values in Projected Flows and 

Loads are calculated based on the selections made in the four drop-down boxes 

in that section. Capacity Evaluation uses Projected Flows and Loads, along with 

Flow and Solids Allocation, and the selected Planned Project to calculate 

whether capacity needs have been met. Effluent Quality uses those same 

values, along with Pollutant Reduction, Pollutant Addition, and Regulatory 

Requirements, to calculate whether regulatory requirements have been met. 

The user can select items from the drop-down lists for Projected Flows and 

Loads, Effluent Quality, and Planned Projects and Costs. Whenever a new 

selection is made, that selection becomes the active selection for the system, 

and all values are recalculated. In this way, a user can test various combinations 

of selections to quickly determine whether requirements are met for the system. 

Scenario Name  

Edit the name of the Scenario Summary in the Scenario Name box. The new 

name will be displayed in the Data Tree when the data is saved. 

Data Window Toolbar  

Use the Save Data button in the toolbar at the top of the Scenario Summary 

screen to save any edited data, including drop-down list selections. 

Links to Data Screens  

Click on any item to display data for that item. For instance, click on Projected 

Flows and Loads to display the flows and loads data, or click on Pollutant 

Reduction to display the data for the selected Pollutant Reduction item. 
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Projected Years 

The Projected Years screen displays the years for the planning period. The year 

values are editable, and rows can be added to and deleted from the grid. 

Projected Years need not be consecutive. 

 

Projected Years as Basis for Data  

Almost all data in MPM is connected to the Projected Years. Without Projected 

Years, many data screens will not be displayed. 

Deleting Projected Years  

Care should be taken when deleting years from the grid because all data for that 

year will also be deleted. The deleted year will no longer exist in the system. The 

message shown in the image below will be displayed whenever a Projected Year 

is to be deleted. 
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Also, when a year is deleted, data in the Treatment Process and Planned 

Projects grids will be modified so that all of the online and offline years in those 

grids fit within the range of the existing Projected Years. For instance, suppose a 

Treatment Process component goes offline in 2027, and the Projected Years grid 

contains years from 2008 to 2027. If the year 2027 is deleted from the Projected 

Years grid, the Treatment Process grid will be modified so that the component 

goes offline in 2026, rather than 2027, because 2027 no longer exists. 

 

Editing Projected Years  

The Treatment Process and Planned Projects grids will be modified if editing a 

year causes the overall year range to change. For instance, suppose the years 

2010, 2015, and 2020 exist in the Projected Years grid, and a Planned Projects 

component comes online in 2010, which is the earliest Projected Year. If the year 

2010 is changed to 2012 in the Projected Years grid, the Planned Projects grid 

will be modified so that the component comes online in 2012, because that is the 

now the earliest Projected Year. 

Projected Flows and Loads 

The Projected Flows and Loads screen displays the flows and loads for the 

system. The data in the grid is not directly editable, but is gathered from the 

supporting data screens that exist below the Projected Flows and Loads item in 

the Data Tree. 
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Options and Peaking Factors 

The top portion of the screen contains the selected Projected Flows and Loads 

options and the Peaking Factors. 

Additional Data Button  

Clicking the Additional Data button toggles between hiding and displaying the top 

portion of the form. 

Options  

Calculated values in the Projected Flows and Loads grid are based on the 

selected Domestic, Industrial, Other Pollutant, and Water Conservation options. 

The user can change which of those options are used by the system by selecting 

items from the drop-down lists in the top portion of this screen.  

Whenever a new selection is made, that selection becomes the active selection 

for the entire system, and the values in the Projected Flows and Loads grid (as 

well as the entire system) are recalculated. 

Peaking Factors  

The user can enter the following peaking factors:  

• Max month flow, max month BOD, and max month TSS  

• Peak hour flow  

• Equalized flow peak  
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The peaking factors are used in the Capacity Evaluation screen to calculate the 

peaking projected flows and loads values. 

 

Projected Flows and Loads Data 

The bottom portion of the screen contains the Projected Flows and Loads data.  

 

Year  

The Year column contains the years that exist in the Projected Years screen. 
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Projected Average Dry Weather Flow  

The Projected Average Dry Weather (ADW) Flow column is made up of values 

from the Domestic Flows and Loads, 

Industrial Flows and Loads, and 

Water Conservation screens, which 

appear beneath Projected Flows and 

Loads in the Data Tree. 

Equation: The values in the Projected ADW Flow column are calculated by 

adding the Total Projected ADW Flow from the Domestic Flows and Loads 

screen to the Projected ADW Flow from the Industrial Flows and Loads screen, 

and multiplying the values by the Water Conservation percentage. 

Projected ADW Load Columns  

Equation: The Projected ADW Load values for BOD, TSS, TN, and TP are 

calculated by adding those columns from the Domestic Flows and Loads screen 

to the Industrial Flows and Loads screen, and modifying the result by the Water 

Conservation percentage (only when that percentage is 100%). 
 
Equation: The Projected ADW Load values for all other pollutants are obtained 

from the pollutant columns in the Other Pollutants Projected Data screen, 

Pollutant TDS is multiplied by the TDS Conservation percentage on the Water 

Conservation screen. The load values are then modified by the Water 

Conservation percentage (only when that percentage is 100%). 

The Load values are not modified by the water conservation percentage unless 

that percentage is 100%. When the water conservation percentage is 100%, the 

load becomes zero because there is no flow. If the Water Conservation is any 

percentage other than 100%, the load values are not modified by water 

conservation. 
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Domestic Flows and Loads - Historical Data 

The Domestic Flows and Loads - Historical Data screen allows the user to enter 

values that will serve as the basis for the Domestic Projected Flows and Loads 

screen.  

The pollutants in the grid are limited to BOD, TSS, TN, and TP. Additional 

pollutants can be added in the Other Pollutants and Other Pollutants - Historical 

Data screens.  

 

Year  

The user enters years into the Year column. The years must be historical; that is, 

each year must be less than the current calendar year. 

Historical Population  

The user enters the historical population for each year in the Historical 

Population column. 

Primary Service Area Historical ADW Flow  

The user enters values into the Primary Service Area (PSA) Historical ADW Flow 

column in millions of gallons per day. 
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Other Service Areas Historical ADW Flow  

The Other Service Areas (OSA) Projected ADW Flow is entered by the user in 

millions of gallons per day. 

Total Historical ADW Flow  

The Total Historical ADW Flow column is calculated by adding the PSA Historical 

ADW Flow to the OSA Historical ADW Flow. 

Historical ADW Load  

Each Historical ADW Load value is calculated by multiplying the corresponding 

Historical ADW Concentration by the Total Historical ADW Flow by a conversion 

factor of 8.3454. 

Primary Service Area Historical Per Capita ADW Flow  

Each PSA Historical Per Capita ADW Flow value is calculated by dividing each 

PSA Historical ADW Flow value by the Historical Population value. 

Average Flow and Concentration  

The bottom row of the grid contains the average values for each column.  

The average values for the Historical Population column, the PSA, OSA and 

Total Historical ADW Flow columns, and the PSA Historical Per Capita ADW 

Flow column are calculated by adding the values in each column and dividing by 

the number of years.  

The average concentration values for the Historical ADW Load columns (BOD, 

TSS, TN, TP) are calculated by first dividing the Load value in each row by the 

Total Historical ADW Flow value in that row, and then summing the resulting 
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values for each row and dividing by the number of years. The result is also 

divided by a conversion factor of 8.3454. 

Making Pollutants Active or Inactive  

Click the word "Active" in the pollutant's column heading to make that pollutant 

inactive. The heading will change to "Inactive" and the column will be grayed out. 

Click the heading again to make the pollutant active. When a Domestic pollutant 

is inactive, it will not contribute to the values in the Projected Flows and Loads 

screen, and its values will not be used in any system calculations.  

Setting a pollutant's values to zero will also effectively remove it from system 

calculations, since the pollutant's contribution will be zero. The advantage of 

making the pollutant inactive is 

that its values are retained (not 

set to zero) so that they will be 

available if the pollutant is again 

made active. 

 

Domestic Flows and Loads 

The Domestic Flows and Loads screen displays the domestic flows and loads for 

the system. The values in the Total Projected ADW Flow column and the 

Projected ADW Load columns are added to the values in the Industrial Projected 

Flows and Loads screen to determine the values in the Projected Flows and 

Loads screen. 

The pollutants in the grid are limited to BOD, TSS, TN, and TP. Additional 

pollutants can be added in the Other Pollutants and Other Pollutants - Historical 

Data screens. 
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Name, Selected, Historical Data 

The top portion of the screen contains the Name, the Selected check box, and 

Historical data. 

Additional Data Button  

Clicking the Additional Data button toggles between hiding and displaying the top 

portion of the form. 

Name  

The user enters the name of the projected Domestic Flows and Loads option in 

the Name box. This name will be used in the Data Tree, in the selection drop-

down lists in the Scenario Summary form, and in reports and graphs. 

Selected Check Box  

The Selected check box denotes whether the projected Domestic Flows and 

Loads option is the one that is currently used by the system in calculations. 

When the box is unchecked, checking it will make the Domestic Flows and Loads 

option the currently selected one. Once the data is saved, the check box cannot 

be unchecked. To make a different Domestic Flows and Loads option the 

selected one, click on that option in the Data Tree, and click its Selected box in 

the Data Window, or visit the Scenario Summary screen to set the selections. 

Historical Data  

The average flow and concentration values from the Domestic Flows and Loads - 

Historical Data screen are displayed in the Historical Data grid. 
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Projected Data 

The bottom portion of the screen contains the Domestic projected flows and 

loads data.  

 

Year  

The Year column contains the years that exist in the Projected Years screen. 

Projected Population  

The user enters the estimated population for each year in the Projected 

Population column. 
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Primary Service Area Projected ADW Flow  

The Primary Service Area (PSA) Projected ADW Flow column is calculated by 

multiplying the Average PSA Historical Per Capita ADW Flow (from the Domestic 

historical data grid) by the Projected Population. 

Other Service Areas Projected ADW Flow  

The Other Service Areas (OSA) Projected ADW Flow is entered by the user in 

millions of gallons per day. 

Total Projected ADW Flow  

The Total Projected ADW Flow column is calculated by adding the PSA 

Projected ADW Flow to the OSA Projected ADW Flow. 

Projected ADW Load  

Each Projected ADW Load value is calculated by multiplying the corresponding 

Historical ADW Concentration (from the Domestic historical data grid) by the 

Total Projected ADW Flow by a conversion factor of 8.3454.  

 

A pollutant is set to Active or Inactive in the Domestic Flows and Loads - 

Historical Data screen. 

Industrial Flows and Loads - Historical Data 

The Industrial Flows and Loads - Historical Data screen allows users to enter 

historical Industrial values. The historical values are for informational purposes 

only and are not used when calculating the projected Industrial Flows and Loads 

or any other values.  
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The pollutants in the grid are limited to BOD, TSS, TN, and TP. Additional 

pollutants can be added in the Other Pollutants and Other Pollutants - Historical 

Data screens.  

 

Year  

The user enters years into the Year column. The years must be historical; that is, 

each year must be less than the current calendar year. 

Historical ADW Flow  

The values in the Historical ADW Flow column are entered by the user in millions 

of gallons per day. 

Historical ADW Load  

The values in the Historical ADW Load columns are entered by the user in 

pounds per day. 

Average Flow and Concentration  

The bottom row of the grid contains the average values for each column.  

 

The average value for the Historical ADW Flow column is calculated by adding 

the values in the column and dividing by the number of years.  
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The average concentration values for the Historical ADW Load columns (BOD, 

TSS, TN, TP) are calculated by first dividing the Load value in each row by the 

Historical ADW Flow value in that row, and then summing the resulting values for 

each row and dividing by the number of years. The result is also divided by a 

conversion factor of 8.3454. 

Industrial Flows and Loads 

The Industrial Flows and Loads screen displays the industrial flows and loads for 

the system. The values in the Projected ADW Flow column and the Projected 

ADW Load columns are added to the values in the Domestic Projected Flows 

and Loads screen to determine the values in the Projected Flows and Loads 

screen. 

The pollutants in the grid are limited to BOD, TSS, TN, and TP. Additional 

pollutants can be added in the Other Pollutants and Other Pollutants - Historical 

Data screens.  

Name, Selected, Historical Data 

The top portion of the screen contains the Name, the Selected check box, and 

Historical data. 

Additional Data Button  

Clicking the Additional Data button toggles between hiding and displaying the top 

portion of the form. 

Name  
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The user enters the name of the projected Industrial Flows and Loads option in 

the Name box. This name will be used in the Data Tree, in the selection drop-

down lists in the Scenario Summary form, and in reports and graphs. 

Selected Check Box  

The Selected check box denotes whether the projected Industrial Flows and 

Loads option is the one that is currently used by the system in calculations. 

When the box is unchecked, checking it will make the Industrial Flows and Loads 

option the currently selected one. Once the data is saved, the check box cannot 

be unchecked. To make a different Industrial Flows and Loads option the 

selected one, click on that option in the Data Tree, and click its Selected box in 

the Data Window, or visit the Scenario Summary screen to set the selections. 

Historical Data  

The average flow and concentration values from the Industrial Flows and Loads - 

Historical Data screen are displayed in the Historical Data grid. 

 

Projected Data 

The bottom portion of the screen contains the Industrial projected flows and 

loads data.  
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Year  

The Year column contains the years that exist in the Projected Years screen. 

Projected ADW Flow  

The values in the Projected ADW Flow column are entered by the user in millions 

of gallons per day. 

Projected ADW Load  

The values in the Projected ADW Load columns are entered by the user in 

pounds per day. 

Making Pollutants Active or Inactive  

Click the word "Active" in the pollutant's column heading to make that pollutant 

inactive. The heading will change to "Inactive" and the column will be grayed out. 

Click the heading again to make the pollutant active. When an Industrial pollutant 

is inactive, it will not contribute to the values in the Projected Flows and Loads 
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screen, and its values will not be used in any system calculations.  

 

Setting a pollutant's values to zero will also effectively remove it from system 

calculations, since the pollutant's contribution will be zero. The advantage of 

making the pollutant inactive is that its values are retained (not set to zero) so 

that they will be available if the pollutant is again made active. 

Other Pollutants - Historical Data 

The Other Pollutants - Historical Data screen allows the user to create historical 

other pollutants and enter their values. 

The historical values are for informational purposes only - they are not used in 

system calculations or to calculate projected Other Pollutants values. 

 

Year  

The user enters years into the Year column. The years must be historical; that is, 

each year must be less than the current calendar year. 

Historical Load or Value  
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The values in the Historical Load columns are entered by the user in the units for 

that pollutant. For example, Ammonia would be entered in pounds per day, while 

Turbidity would be entered in NTU. 

Average Concentration or Value  

The bottom row of the grid contains the average values for each column.  

 

The average concentration values for pollutants with units in pounds per day are 

calculated by first dividing the Load value in each row by a flow value, and then 

summing the resulting values for each row and dividing by the number of years. 

The result is also divided by a conversion factor of 8.3454. The flow that is used 

is the Average Flow value from the bottom row of the Total Historical ADW Flow 

value column in the Domestic Flows and Load - Historical Data and Industrial 

Flows and Load - Historical Data screen.  

The average values for pollutants with units other than pounds per day are 

calculated by adding the values in each column and dividing by the number of 

years. 

Making Pollutants Active or Inactive  

Click the word "Active" in the pollutant's column heading to make that pollutant 

inactive. The heading will change to "Inactive" and the column will be grayed out. 

Click the heading again to make the pollutant active. 
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Adding a Pollutant to the Grid  

To add a pollutant to the grid, select a pollutant from the drop-down list, and click 

the  + button. 

 

Deleting a Pollutant from the Grid  

To delete a pollutant from the grid, click the "x" in the column heading of that 

pollutant.  

 

Other Pollutants 
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The Other Pollutants screen displays the flows and loads for pollutants that are 

not BOD, TP, TN, or TP. The values that are calculated for the Projected Load or 

Value columns are also used in the Projected Flows and Loads screen. 

Name, Selected, Historical Data 

The top portion of the screen contains the Name, the Selected check box, and 

Historical data. 

Additional Data Button  

Clicking the Additional Data button toggles between hiding and displaying the top 

portion of the form. 

Name  

The user enters the name of the projected Other Pollutants option in the Name 

box. This name will be used in the Data Tree, in the selection drop-down lists in 

the Scenario Summary form, and in reports and graphs. 

Selected Check Box  

The Selected check box denotes whether the projected Other Pollutants option is 

the one that is currently used by the system in calculations. When the box is 

unchecked, checking it will make the Other Pollutants option the currently 

selected one. Once the data is saved, the check box cannot be unchecked. To 

make a different Other Pollutants option the selected one, click on that option in 

the Data Tree, and click its Selected box in the Data Window, or visit the 

Scenario Summary screen to set the selections. 
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Historical Data  

The average concentrations or values from the Other Pollutants - Historical Data 

screen are displayed in the Historical Data grid. 

 

Projected Data 

The bottom portion of the screen contains the Other Pollutants projected flows 

and loads data.  
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Enter Concentration or Value  

The user enters values in the "Enter Concentration or Value" row in the units of 

the pollutant. Pollutants such as Ammonia are in milligrams per liter, so the value 

entered for Ammonia in this row is in milligrams per liter. Pollutants that use other 

units (such as Turbidity), would have their values entered in those units. 

Year  

The Year column contains the years that exist in the Projected Years screen. 

Projected ADW Flow  

The Projected ADW Flow column is made up of values from the Domestic Flows 

and Loads and Industrial Flows and Loads. 

The values in the Projected ADW Flow column are calculated by adding the Total 

Projected ADW Flow from the Domestic Flows and Loads screen to the 

Projected ADW Flow from the Industrial Flows and Loads screen.  

These are the same values found in the Projected Flows and Loads screen, 

except that here, in the Other Pollutants screen, the values are not modified by 

the Water Conservation percentages. 

Projected Load or Value  

For pollutants with units of milligrams per liter (such as Ammonia), the Projected 

Load value is calculated by multiplying the user-entered Concentration by the 

Projected ADW Flow, and then by a conversion factor of 8.3454.  

 

For pollutants with units other than milligrams per liter (such as Turbidity), each 

row in the Projected Value column contains the same value that is entered by the 

user in the "Enter Concentration or Value" row. 
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Making Pollutants Active or Inactive  

Click the word "Active" in the pollutant's column heading to make that pollutant 

inactive. The heading will change to "Inactive" and the column will be grayed out. 

Click the heading again to make the pollutant active. When a pollutant is inactive, 

it will not contribute to the values in the Projected Flows and Loads screen, and 

its values will not be used in any system calculations.  

 

Setting a pollutant's values to zero will also effectively remove it from system 

calculations, since the pollutant's contribution will be zero. The advantage of 

making the pollutant inactive is that its values are retained (not set to zero) so 

that they will be available if the pollutant is again made active. 

 

Adding a Pollutant to the Grid  

To add a pollutant to the grid, select a pollutant from the drop-down list, and click 

the + button. 
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Deleting a Pollutant from the Grid  

To delete a pollutant from the grid, click the "x" in the column heading of that 

pollutant.  

 
 

Water Conservation 

The Water Conservation screen displays the percentage of water and TDS that 

will be conserved. The values in the grid are in percentages, so that entering a 

value of 50.00 means 50.00 percent. 

The percentages in the grid are used in calculations in the Projected Flows and 

Loads screen and the Effluent Quality screen.  

Name, Selected 
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The top portion of the screen contains the Name, and the Selected check box. 

Name  

The user enters the name of the Water Conservation option in the Name box. 

This name will be used in the Data Tree, in the selection drop-down lists in the 

Scenario Summary form, and in reports and graphs. 

Selected Check Box  

The Selected check box denotes whether the Water Conservation option is the 

one that is currently used by the system in calculations. When the box is 

unchecked, checking it will make the Water Conservation option the currently 

selected one. Once the data is saved, the check box cannot be unchecked. To 

make a different Water Conservation option the selected one, click on that option 

in the Data Tree, and click its Selected box in the Data Window, or visit the 

Scenario Summary screen to set the selections. 

 

Year  
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The Year column contains the years that exist in the Projected Years screen. 

Effect of Conservation on Projected Flows and Loads  

TDS Conservation  

The Projected ADW Load values for TDS in the Projected Flows and Loads 

screen are reduced by the percentage in the "Percent of TDS Conserved" 

column. No other values in the Projected Flows and Loads screen are affected 

by the TDS Conservation percentage. 

Water Conservation  

The Projected ADW Flow values in the Projected Flows and Loads screen are 

reduced by the percentage in the "Percent of Water Conserved" column. The 

Projected ADW Load values are reduced only when the Water Conservation 

percentage is 100%.  

 

The image below shows values from a portion of the Projected Flows and Loads 

screen when the Water Conservation values are all set to zero. 

 

The image below shows values from a portion of the Projected Flows and Loads 

screen when the Water Conservation values are 100.00% for 2008, and 50.00% 

for 2009. The Projected ADW Flow value for 2008 is zero because 100% of the 

water is conserved, while the value for 2009 is reduced by 50% because the 

Water Conservation value is 50.00% in 2009.  

 

The Projected ADW Load columns in the Projected Flows and Loads grid are 

affected by the values in the Water Conservation grid only when water 

conservation is 100.00%. When all water is conserved, the load values are all 
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zero. However, when the water conservation percentage is anything other than 

100.00%, the load values are unaffected. 

 

Effect of Conservation on Effluent Quality  

The Effluent Quality screen uses the values from the Projected Flows and Load 

screen, including changes to flows and loads due to water and TDS 

conservation. 

Capacity Evaluation 

The Capacity Evaluation screen gathers data about the Major Components from 

the selected Planned Project, if one exists, and from the Existing Treatment 

Process. The Capacity Evaluation screen also uses Projected Flows and Loads 

data, as well as Flow and Solids Allocation data, to calculate whether capacity 

requirements are met for each Projected Year.  

The Capacity Evaluation screen performs calculations based on information in 

the entire system. Each Planned Project contains both Major Components from 

the Existing Treatment Process, and Major Components added to the Planned 

Project in the planning process. The Planned Project therefore represents all of 

the Major Components in the system, and is used as the basis for Capacity 

Evaluation calculations. If no Planned Projects exist, the Existing Treatment 

Process represents the system and is used as the basis for Capacity Evaluation 

calculations. 

The Capacity Evaluation grid is not editable. 

Added Average Capacity 
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The top portion of the screen contains the Added Average Capacity values. 

Additional Data Button  

Clicking the Additional Data button toggles between hiding and displaying the top 

portion of the form. 

Avg Added Flow Capacity  

The user enters the average added flow capacity in million gallons per day. 

Avg Added TSS/BOD/TN Capacity  

The user enters the average added TSS/BOD/TN capacity in million gallons per 

day. 

Total Avg Added Capacity  

The Total Average Added Capacity is the total of the user-entered average 

added flow and TSS/BOD/TN capacity values. 

 

Capacity Evaluation Data 

The bottom portion of the screen contains the Capacity Evaluation data.  
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Major Component  

The Major Components from the selected Planned Projects option are used to 

populate the Major Component column. If no Planned Projects exist, the Major 

Components from the Existing Treatment Process are used. 

Train  

The train that each Major Component is in (from the Planned Projects train, or 

the Existing Treatment Process train, if no Planned Projects exist). 

Influent Capacity  

The Capacity Type for each Major Component. The Capacity Type for all Major 

Components is displayed in the Major Component window. 

Existing Capacity - Unit Value  

The existing capacity of the Major Component. This value always comes from the 

Existing Treatment Process screen, regardless of whether or not Planned 

Projects exist. 
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Existing Capacity - Year Offline  

The year the existing Major Component goes offline and is no longer available to 

the system. This value always comes from the Existing Treatment Process 

screen, regardless of whether or not Planned Projects exist. 

Existing Capacity - Capacity Offline  

The amount of capacity that goes offline in the year offline. Any portion (or all) of 

the capacity can go offline. This value always comes from the Existing Treatment 

Process screen, regardless of whether or not Planned Projects exist. 

Added Capacity - Unit Value  

The added capacity of the Major Component. This value always comes from the 

Planned Projects screen.  

 

This value can act as additional capacity to an existing Treatment Process Major 

Component, or it can be additional capacity 

Added Capacity - Capacity Units  

The Capacity Unit for each Major Component. The Capacity Unit for each Major 

Component is displayed in the Major Component window. 

Added Capacity - Unit Value  

The added capacity for the Major Component from the "Added Capacity - Unit 

Value" column broken down by year. If the added capacity occurs in multiple 

years, each capacity will be listed separately in this column. 

Added Capacity by Year - Year(s) Online  
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The years the added capacity comes online. This data always comes from the 

Planned Projects screen. If the added capacity comes online in multiple years, 

each year will be listed separately in this column. 

Averaging Period  

The Averaging Period for each Major Component is the Capacity Basis for that 

component as shown in the Major Component window. 

Peaking Factor  

The Peaking Factor value is a user-entered value that is entered into the top 

portion of the Projected Flows and Loads screen, specific to each Major 

Component.  

 

The Peaking Factors are as follows:  

• Max month flow, max month BOD, and max month TSS  

• Peak hour flow  

• Equalized flow peak  

The projected flows and loads are multiplied by the peaking factor in the Capacity 

Evaluation screen. 

Requirements Met  

The capacity of each Major Component is compared with the values in the 

Peaking Projected Flows and Loads column for each year. If the capacity (both 

existing and added) of the Major Component is sufficient to handle the projected 

flow or load, the requirements have been met, and the Requirements Met column 

will contain "YES." If the projected flow or load exceeds the capacity of the Major 

Component, the Requirements Met column will contain "NO." 
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Peaking Projected Flows and Loads  

The Peaking Projected Flows and Loads are displayed for each year and for 

each Major Component. The value is calculated as follows:  

 

Equation: Projected Flow or Load  x  Peaking Factor  x  Major Component Flow 

Percentage.  

 

The flow and load values, along with the peaking factor, come from the Projected 

Flows and Loads screen. The flow percentage for each Major Component comes 

from the Flow and Solids Allocation screen. 

 

The values in the column are color-coded for ease in identifying whether the 

projected flow or load exceeds the capacity. A value displayed in red text 

indicates that the flow or load exceeds the capacity of the Major Component in 

that year. A value in green indicates that the flow or load is the same value as the 

available capacity, and a value in black indicates that the capacity is sufficient to 

handle the flow or load for that year.  

 

If a Major Component is offline, the word "Offline" will appear in the column 

instead of a numerical value. 

Existing Treatment Process 

The Existing Treatment Process represents the Major Components as they 

currently exist. The existing treatment process is created by adding Major 

Components to the grid or train, entering data for those components, and 

creating connections in the train.  

The Treatment Process stands on its own as the model for the existing system, 

but its real purpose is to serve as the basis for Planned Project options that can 
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be created to modify the system in future years. When a Planned Project is 

created, it starts off with all of the existing treatment process components and 

connections. The Planned Project can then be modified by adding Planned 

Project components to model the treatment processes in future years.  

When there are no Planned Projects, the Existing Treatment Process serves as 

the treatment system upon which calculations are based. System calculations 

(such as those for Capacity Evaluation and Effluent Quality) are based on the 

components and data that appear in the Existing Treatment Process. 

When Planned Projects exist, system calculations are no longer based on the 

Existing Treatment Process, but are based on the components and data in the 

selected Planned Project. Although the Existing Treatment Process is no longer 

used as the basis for those calculations, it is still used as the starting point for 

newly-created Planned Projects. 

In addition, whenever a change is made to a component or connection in the 

Existing Treatment Process screen, that change is automatically included in all 

the Planned Projects in the Scenario. For example, if a connection is created 

between two components in the Treatment Process train, that connection will 

also be created automatically in all the Planned Projects in the Scenario. 

However, if a connection is deleted in the Treatment Process train, that 

connection will NOT be deleted from any of the Planned Projects. The Treatment 

Process only adds information to the Planned Projects; it never deletes it. Any 

changes made in the Planned Projects will have no effect on any data in the 

Treatment Process screen. 

General Data Operations 

Adding Grid Rows.  Click the Add Component button to display a small major 

components box. A row is added to the grid by dragging a component from the 

major components box and dropping it into the grid or train. When a component 
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is dropped into the train, it is automatically added to the grid, and the "Included in 

Treatment" check box is checked. When a component is dropped into the grid, it 

is not automatically added to the train, and its "Included in Treatment" check box 

is not checked. Checking the "Included in Treatment" checkbox causes the 

component to appear in the train. Unchecking the checkbox removes the 

component from the train. 

Deleting Grid Rows.  When a row is deleted from the grid, that component is 

deleted from the train. The component and all of its data will be deleted when the 

data is saved. 

Major Components.  Components are added to the treatment process by clicking 

the Add Component button and dragging components from the major 

components box and dropping them into the grid or train. 

Train.  The components that are marked as "Included in Treatment" in the grid 

will appear in the treatment train. Click the Train button in the toolbar to 

display/hide the train diagram. 

Component Connections.  Creating connections between the components 

creates the flow through the treatment train. To create a connection, check the 

Connect check box, click a component, and then click another component. The 

connection will be created between the two components. If a third component is 

then clicked, a connection will be created from the second component to the third 

component. To then create a connection between two other components, four 

and five, click a blank spot on the train to remove the highlight from the third 

component, and click component four to highlight it, and then click component 

five to create the connection.  

Removing or Deleting Components.  To remove a component from the treatment 

train, click on it in the train and press the Delete button. The component will be 

removed from the train; it will remain in the grid, but its "Included in Treatment" 
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check box will be unchecked. A component can also be removed from the train 

by unchecking its "Included in Treatment" check box in the grid.  

 

When a component is removed from treatment via the methods described above, 

that component, along with its data, remains in the grid. To delete the component 

completely, rather than just removing it from treatment, delete its row from the 

grid. Deleting the grid row will delete the component from the grid and the train, 

and all of its data will be deleted when the Treatment Process data is saved.  

Liquids and Solids.  The train is separated into a liquids train and a solids train. 

Click the Liquids button to view the liquids train, and the Solids button to view the 

solids train. 

Check Unconnected.  In order for the flow to travel through all components, the 

components must be connected to each other. If a component has no 

connections, it will not be included in the flow. Click the Check Unconnected 

button to display a list of the unconnected components. 

If a Planned Project exists, it does not matter to the system whether or not 

unconnected Treatment Process components exist. Because the system 

performs calculations based on the selected Planned Project, if one exists, 

unconnected Treatment Process components will have no effect on those 

calculations, if a Planned Project exists. 
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Major Component  

Each Major Component is added to the grid by dragging and dropping from the 

small major components box accessed by clicking the Add Component button. 

There can be only one component of the same type in each lettered section of 

the train. For example, there can be only one Filters component in train section 

A, one Filters component in train section B, and so on. 

Train  

The Train column displays the letter of the train section in which the Major 

Component appears. 

Included in Treatment  

Check the Included in Treatment check box to include the component in the 

treatment train. Uncheck the box to remove the components from the train. When 

the Included in Treatment box is checked the Included in Costs box is 

automatically checked. 

Included in Costs  
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Some components, such as administration or maintenance, do not appear in the 

treatment train, but are included in the system because they have associated 

costs. To include a component only for cost purposes, leave the Included in 

Treatment box unchecked, and check the Included in Costs box. The component 

will not appear in the train, but will appear in the O&M Costs screen. 

Liquid or Solid  

The value in the Liquid or Solid column denotes the component as a Liquids or 

Solids component. Liquids components appear in the Liquids train, and Solids 

components appear in the Solids train. Click the Liquids button and the Solids 

button to view the train diagrams. 

Flow Order Train  

The Flow Order Train column contains the flow order of each component. The 

flow order is based on the connections between the components. Each 

component is numbered in succession based on the connection coming into it 

from the previous component. Components that have no connections have no 

Flow Order Train value. 

Influent Capacity  

The Capacity Type for all Major Components is displayed in the Major 

Component window. 

Existing Capacity  

The user enters the capacity of the component in the units that appear in the 

Capacity Units column. 

Capacity Units  

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 11\Appendices\Ch03-Appendix A.doc 



The capacity unit for each Major Component is displayed in the Major 

Component window. 

Averaging Period  

The Averaging Period for each Major Component is the Capacity Basis for that 

component as shown in the Major Component window. 

Design Criteria  

The user enters design criteria such as width, volume, or surface area. 

Design Criteria Units  

The user enters the units for the Design Criteria column. 

Number of Units  

The user enters the number of units that comprise the component. This is a 

numeric value only. 

Year Offline  

The user enters the year the existing Major Component goes offline and is no 

longer available to the system. A component may be scheduled to be retired in a 

certain year, or to go offline because it is being replaced by a Planned Project 

component.  

 

The user must also enter a value in the Capacity Offline column. If the value in 

the Capacity Offline is less than the value in the Existing Capacity column, the 

component only partially goes offline, and still contributes to the system. 

Capacity Offline  
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The amount of capacity that goes offline in the year offline. Any portion (or all) of 

the capacity can go offline.  

 

If there is no value in the Year Offline column, the component will be treated as 

being fully online. In order for the offline capacity value to have any effect, there 

must be a value in the Year Offline column. If a value exists in the Year Offline 

column, the Capacity Offline value must be greater than zero, and less than or 

equal to the value in the Existing Capacity column. 

Treatment Train Summary 

The Treatment Train Summary screen is a summary, by Major Component and 

projected year, of the flows through the system. The values in the Flows columns 

represent the flows through the Major Components (unlike the values in the Flow 

and Solids Allocation screen, which represent the percentage of the flows 

through the connections). A value of 40.00 means that 40% of the flow travels 

through that component. 

Only the components in the liquid train are displayed in the Treatment Train 

Summary grid; the solids are not included. 

The Treatment Train Summary grid is not editable. 
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Major Component  

The Major Components from the selected Planned Projects option are used to 

populate the Major Component column. If no Planned Projects exist, the Major 

Components from the Existing Treatment Process are used. 

Existing or Planned  

The "Existing or Planned" column displays whether the Major Component is an 

existing or planned component. The data comes entirely from the selected 

Planned Project option, if one exists. The term "Existing" refers to the existing 

components in the Planned Project, while the term "Planned" refers to the 

planned components in the Planned Project.  

 

Each Planned Project contains both existing and planned Major Components. 

Although the "existing" components are originally derived from the Existing 

Treatment Process train diagram, each Planned Project has its own versions of 

those existing components, with its own connections, which may differ from the 

original connections in the Existing Treatment Process train diagram. The 

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 11\Appendices\Ch03-Appendix A.doc 



connections between existing and planned components in the Planned Project 

train diagram are the ones used in this screen.  

 

The connections in the Existing Treatment Process are not used in this screen 

unless there are no Planned Projects. If there are no Planned Projects, the data 

for this screen comes solely from the Existing Treatment Process, and there will 

be no planned components. So, the term "Existing" refers to existing components 

in the Planned Project diagram, unless there are no Planned Projects. 

Train  

The train that each Major Component is in (from the Planned Projects train, or 

the Existing Treatment Process train, if no Planned Projects exist). 

Liquid or Solid  

The Liquids train or the Solids train. 

Capacity  

The capacity of the existing or planned Major Component. The capacity for an 

existing component always comes from the Existing Treatment Process screen 

because that is the only screen where existing capacity is entered. That capacity 

is used in the Planned Projects screen, but it originates in the Existing Treatment 

Process screen. 

Capacity Offline  

The amount of capacity that goes offline in the year the component goes offline. 

This data always comes from the Existing Treatment Process screen because 

only existing components can go offline. 

Capacity Units  
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The Capacity Unit for each Major Component. The Capacity Unit for all Major 

Components is displayed in the Major Component window. 

Year Online  

The year the planned component goes online. This data always comes from the 

Planned Project because only planned components can have a go online year 

value. 

Year Offline  

The year the component goes offline. This data always comes from the Existing 

Treatment Process screen because only existing components can go offline. 

Flows  

The values in the Flows columns represent the flows for each Major Component 

in each projected year. Unlike the flow percentages in the Flow and Solids 

Allocation screen, which represent the flows through the connections, the flows in 

the Treatment Train Summary grid represent the flows through the components.  

 

A value of 40.00 means that 40% of the flow travels through the component.  

 

If a connection is offline (or not yet online) for any year, the value in that grid cell 

will be "Offline." 

Flow and Solids Allocation 

The Flow and Solids Allocation screen allows the user to enter the flow 

percentages for the connections between Major Components. A value in the 

Flow Allocation Percentage column represents the percentage of flow traveling 

through the connection between two components. The value is always entered 

for the connection, and not for the component itself. Although the percentage of 
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flow through the component may be the same as the percentage of flow through 

the connection, the value represents the percentage of flow through the 

connection, and not the percentage of flow through the component. 

The percentage of flows in the train diagram are calculated based on the 

percentage of flows traveling through each connection. The Capacity Evaluation 

and Effluent Quality screens use the percentage of flows at the component to 

perform their calculations. If any component has a zero flow, the value for that 

component will be zero in the Capacity Evaluation screen. Also, that component 

will have no effect on the Effluent Quality calculations, as it will be unable to 

contribute to pollutant reduction or addition due to its zero flow. 

Entering 40.00 means that 40% of the total projected flow for that projected year 

travels through that connection. 

 

Major Component  
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The Major Components from the selected Planned Projects option are used to 

populate the Major Component column. If no Planned Projects exist, the Major 

Components from the Existing Treatment Process are used. 

Connects to Major Component 

Each Major Component must be connected to another Major Component in order 

to become part of the flow through the system. The "Connects to Major 

Components" column lists which component the Major Component is connected 

to. All of the components and their connections come from the selected Planned 

Projects option. If no Planned Projects exist, the Major Components from the 

Existing Treatment Process are used.   

Existing or Planned  

The "Existing or Planned" column displays whether the Major Component is an 

existing or planned component. The data comes entirely from the selected 

Planned Project option, if one exists. The term "Existing" refers to the existing 

components in the Planned Project, while the term "Planned" refers to the 

planned components in the Planned Project.  

 

Each Planned Project contains both existing and planned Major Components. 

Although the "existing" components are originally derived from the Existing 

Treatment Process train diagram, each Planned Project has its own versions of 

those existing components, with its own connections, which may differ from the 

original connections in the Existing Treatment Process train diagram. The 

connections between the Planned Project's existing and planned components are 

the ones used in this screen.  

 

The connections in the Existing Treatment Process are not used in this screen 

unless there are no Planned Projects. If there are no Planned Projects, the data 

for this screen comes solely from the Existing Treatment Process, and there will 
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be no planned components. In that case, the term "Existing" refers to the 

components in the Existing Treatment Process screen.  

 

So, the term "Existing" refers to existing components in the Planned Project 

diagram, unless there are no Planned Projects. 

Connects to Existing or Planned  

The "Connects to Existing or Planned" column displays whether the component 

that the Major Component is connected to is an existing or planned component. 

The same logic applies for this column as for the "Existing or Planned" column, 

above, in that all of the data comes from the Planned Project option, if one exists. 

Train  

The train that each Major Component is in (from the Planned Projects train, or 

the Existing Treatment Process train, if no Planned Projects exist). 

Connects to Train  

The train that connected component is in (from the Planned Projects train, or the 

Existing Treatment Process train, if no Planned Projects exist). 

Liquid or Solid  

The Liquids train or the Solids train. 

Capacity  

The capacity of the existing or planned Major Component. The capacity for an 

existing component always comes from the Existing Treatment Process screen 

because that is the only screen where existing capacity is entered. That capacity 

is used in the Planned Projects screen, but it originates in the Existing Treatment 

Process screen. 
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Capacity Offline  

The amount of capacity that goes offline in the year the component goes offline. 

This data always comes from the Existing Treatment Process screen because 

only existing components can go offline. 

Capacity Units  

The Capacity Unit for each Major Component. The Capacity Unit for all Major 

Components is displayed in the Major Component window. 

Year Online  

The year the Major Component goes online. This data always comes from the 

Planned Project because only Planned Project components can go online. 

Existing Treatment Process components are always online unless they go offline; 

they cannot go online in a certain year - they can only go offline. 

Year Offline  

The year the existing Major Component goes offline and is no longer available to 

the system. This value always comes from the Existing Treatment Process 

screen, regardless of whether or not Planned Projects exist. This is because only 

Existing Treatment Process components can go offline. Planned Project 

components can be offline, but that is only because they are not yet online - they 

cannot go offline once they are online. 

Connects to Year Online  

The year the connected planned component goes online. This data always 

comes from the Planned Project because only planned components can go 

online. 

Connects to Year Offline  
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The year the connected component goes offline. This data always comes from 

the Existing Treatment Process screen because only existing components can 

go offline. 

Flow Allocation Percentage  

The Flow Allocation Percentage is entered by the user, and represents the 

percentage of flow traveling through the connection between the Major 

Component and the component it is connected to. Although the percentage of 

flow through the connection may be the same as the flow through the 

component, the value represents the percentage of flow through the connection, 

and not the percentage of flow through the component.  

 

The percentage of flows in the train diagram are calculated based on the 

percentage of flows traveling through each connection. The Capacity Evaluation 

and Effluent Quality screens use the percentage of flows at the component to 

perform their calculations. If any component has a zero flow, the percentage of 

value for that component will be zero in the Capacity Evaluation screen. Also, 

that component will have no effect on the Effluent Quality calculations, as it will 

be unable to contribute to pollutant reduction or addition due to its zero flow.  

 

Entering a value of 40.00 means that 40% of the flow travels through the 

connection.  

 

If a connection is offline (or not yet online) for any year, the value in that grid cell 

will be automatically set to "Offline." 

Effluent Quality 

The Effluent Quality screen gathers data about the Major Components from the 

selected Planned Project, if one exists, or from the Existing Treatment Process, if 

no Planned Projects exist. The Effluent Quality screen also uses Projected Flows 
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and Loads data, Flow and Solids Allocation data, as well as Pollutant Reduction 

data, Pollutant Addition data, and Regulatory Requirements data, to calculate the 

effluent quality for each Projected Year.  

 

The Effluent Quality grid is not editable. 

Selected Pollutant Options 

The top portion of the screen contains the selected options for Pollutant 

Reduction, Pollutant Addition, and Regulatory Requirements. 

Additional Data Button  

Clicking the Additional Data button toggles between hiding and displaying the top 

portion of the form. 

Selected Options  

Calculated values in the Effluent Quality grid are based in part on the selected 

Pollutant Reduction, Pollutant Addition, and Regulatory Requirements options. 

The user can change which of those options are used in the Effluent Quality 

calculations by selecting items from the drop-down lists in the top portion of this 

screen. 

Whenever a new selection is made, that selection becomes the active selection 

for the entire system, and the values in the Effluent Quality grid (as well as the 

entire system) are recalculated. The user can test various combinations of 

options to quickly determine whether Effluent Quality requirements are met for 

the system for those options. 
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Effluent Quality Data 

The bottom portion of the screen contains the Effluent Quality data.  

 

Year  

The Year column contains the years that exist in the Projected Years screen. 

ADW Flow  

The values in the ADW Flow column are the same values that appear in the 

Projected ADW Flow column in the Projected Flows and Loads screen. 

Projected Effluent Concentration or Value  
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Effluent concentrations or values are calculated for each Major Component as 

follows: 

Equation: Projected ADW Load  x  (100 - Pollutant Reduction 

Percentage)  x  Major Component Flow Percentage 

 

The value is then combined with values from all other Major Components and 

converted from pounds per day to milligrams per liter by dividing by the Projected 

ADW Flow and dividing by 8.3454.  

 

Finally, the Pollutant Addition values are added. 

• The Projected ADW Load comes from the Projected ADW Load columns 

in the Projected Flows and Loads screen  

• The Pollutant Reduction Percentage comes from the Major Component 

Pollutant Reduction Percentage columns in the Pollutant Reduction 

screen.  

• The Major Component Flow Percentage values come from the Flow 

Allocation Percentage columns in the Flow and Solids Allocation screen  

• The Projected ADW Flow comes from the Projected ADW Flow column in 

the Projected Flows and Loads screen  

• The Pollutant Addition values come from the Major Component Pollutant 

Addition Increase column in the Pollutant Addition screen.  

 

Each value in the "Projected Effluent Concentration or Value" columns is 

compared to the pollutant's regulatory requirement from the Regulatory 

Requirements screen. The value is displayed in red text if it exceeds the 

regulatory requirement, black text if it exactly meets the requirement, and green 

text if it satisfies the requirement. 

Requirements Met  
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The Requirements Met row displays "YES" when every value in the column 

satisfies or exactly meets the regulatory requirement, and "NO" when any value 

in the column exceeds the requirement.  

 

The Requirements Met row will display "INACTIVE" when BOD, TSS, TN, or TP 

is marked as inactive in both the Domestic Flows and Loads - Historical Data and 

the Industrial Flows and Loads screens, or when the pollutant is marked as 

inactive in the Other Pollutants screen.  

 

The Requirements Met row will display "UNREGULATED" when the pollutant is 

unregulated in the Regulatory Requirements screen. 

Pollutant Reduction 

The Pollutant Reduction screen allows the user to enter pollutant reduction 

percentages for each Major Component and pollutant in the system. Those 

percentages are used in the Projected Effluent Concentration or Value columns 

in the Effluent Quality screen. 

MPM does not allow pollutant reduction for components in the solids train, so 

only the liquid components are displayed in the Pollutant Reduction grid. 

Name, Selected, Options 

The top portion of the screen contains the Name, Selected check box, and the 

selected options. 

Additional Data Button  

Clicking the Additional Data button toggles between hiding and displaying the top 

portion of the form. 

Name  
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The user enters the name of the Pollutant Reduction option in the Name box. 

This name will be used in the Data Tree, in the selection drop-down lists in the 

Scenario Summary form, and in reports and graphs. 

Selected Check Box  

The Selected check box denotes whether the Pollutant Reduction option is the 

one that is currently used by the system in calculations. When the box is 

unchecked, checking it will make the Pollutant Reduction option the currently 

selected one. Once the data is saved, the check box cannot be unchecked. To 

make a different Pollutant Reduction option the selected one, click on that option 

in the Data Tree, and click its Selected box in the Data Window, or visit the 

Scenario Summary screen to set the selections. 

Selected Options  

The BOD, TSS, TN, and TP will always appear in the Pollutant Reduction grid, 

but the additional pollutants come from the Other Pollutants screen. Changing 

the selected Other Pollutants option in the drop-down list will load the additional 

pollutants for that option into the grid.  

 

Each Other Pollutants option has its own values for the additional pollutants. This 

means that when changing the selected Other Pollutants option, the pollutant 

reduction values for the additional pollutants for that option will be loaded into the 

grid, but the BOD, TSS, TN and TP values will remain unchanged because they 

are shared by all of the Other Pollutants options. 

The Major Components that are listed in the Pollutant Reduction grid come from 

the Planned Projects screen. Changing the selected Planned Projects option in 

the drop-down list will load the Major Components into the grid for that Planned 

Project.  
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Each Planned Project has its own pollutant reduction values for BOD, TSS, TN, 

and TP as well as all the additional pollutants. This means that changing the 

selected Planned Projects option will cause the entire grid to be reloaded with the 

pollutant reduction values from the selected Planned Project. 

Whenever a new selection is made, that selection becomes the active selection 

for the entire system. The data for that option is loaded into the Pollutant 

Reduction grid, and the system values are recalculated. 

 

 

Major Component  

The Major Components from the selected Planned Projects option are used to 

populate the Major Component column. If no Planned Projects exist, the Major 

Components from the Existing Treatment Process are used. 
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Existing or Planned  

The "Existing or Planned" column displays whether the Major Component is an 

existing or planned component. The data comes entirely from the selected 

Planned Project option, if one exists. The term "Existing" refers to the existing 

components in the Planned Project, while the term "Planned" refers to the 

planned components in the Planned Project.  

 

Each Planned Project contains both existing and planned Major Components. 

Although the "existing" components are originally derived from the Existing 

Treatment Process train diagram, each Planned Project has its own versions of 

those existing components, with its own connections, which may differ from the 

original connections in the Existing Treatment Process train diagram. The 

connections between the Planned Project's existing and planned components are 

the ones used in this screen.  

 

The connections in the Existing Treatment Process are not used in this screen 

unless there are no Planned Projects. If there are no Planned Projects, the data 

for this screen comes solely from the Existing Treatment Process, and there will 

be no planned components. In that case, the term "Existing" refers to the 

components in the Existing Treatment Process screen.  

 

So, the term "Existing" refers to existing components in the Planned Project 

diagram, unless there are no Planned Projects. 

Year Online  

The year the Major Component goes online. This data always comes from the 

Planned Project because only Planned Project components can go online. 

Existing Treatment Process components are always online unless they go offline; 

they cannot go online in a certain year - they can only go offline. 
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Year Offline  

The year the existing Major Component goes offline and is no longer available to 

the system. This value always comes from the Existing Treatment Process 

screen, regardless of whether or not Planned Projects exist. This is because only 

Existing Treatment Process components can go offline. Planned Project 

components can be offline, but that is only because they are not yet online - they 

cannot go offline once they are online. 

Train  

The train that each Major Component is in (from the Planned Projects train, or 

the Existing Treatment Process train, if no Planned Projects exist). 

Major Component Pollutant Reduction Percentage  

The percentage of the pollutant load that will be removed as flow travels through 

the Major Component.  

 

Entering a value of 40.00 means that 40% of the pollutant load will be removed. 

Pollutant Addition 

The Pollutant Addition screen allows the user to enter pollutant addition values 

for each Major Component and pollutant in the system. Those concentrations are 

used in the Projected Effluent Concentration or Value columns in the Effluent 

Quality screen. 

MPM does not allow pollutant addition for components in the solids train, so only 

the liquid components are displayed in the Pollutant Reduction grid. 

Name, Selected, Options 
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The top portion of the screen contains the Name, Selected check box, and the 

selected options. 

Additional Data Button  

Clicking the Additional Data button toggles between hiding and displaying the top 

portion of the form. 

Name  

The user enters the name of the Pollutant Addition option in the Name box. This 

name will be used in the Data Tree, in the selection drop-down lists in the 

Scenario Summary form, and in reports and graphs. 

Selected Check Box  

The Selected check box denotes whether the Pollutant Addition option is the one 

that is currently used by the system in calculations. When the box is unchecked, 

checking it will make the Pollutant Addition option the currently selected one. 

Once the data is saved, the check box cannot be unchecked. To make a different 

Pollutant Addition option the selected one, click on that option in the Data Tree, 

and click its Selected box in the Data Window, or visit the Scenario Summary 

screen to set the selections. 

Selected Options  

The BOD, TSS, TN, and TP will always appear in the Pollutant Addition grid, but 

the additional pollutants come from the Other Pollutants screen. Changing the 

selected Other Pollutants option in the drop-down list will load the additional 

pollutants for that option into the grid.  

 

Each Other Pollutants option has its own values for the additional pollutants. This 

means that when changing the selected Other Pollutants option, the pollutant 
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addition values for the additional pollutants for that option will be loaded into the 

grid, but the BOD, TSS, TN and TP values will remain unchanged because they 

are shared by all of the Other Pollutants options. 

The Major Components that are listed in the Pollutant Addition grid come from 

the Planned Projects screen. Changing the selected Planned Projects option in 

the drop-down list will load the Major Components into the grid for that Planned 

Project.  

 

Each Planned Project has its own pollutant addition values for BOD, TSS, TN, 

and TP as well as all the additional pollutants. This means that changing the 

selected Planned Projects option will cause the entire grid to be reloaded with the 

pollutant addition values from the selected Planned Project. 

Whenever a new selection is made, that selection becomes the active selection 

for the entire system. The data for that option is loaded into the Pollutant Addition 

grid, and the system values are recalculated. 
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Major Component  

The Major Components from the selected Planned Projects option are used to 

populate the Major Component column. If no Planned Projects exist, the Major 

Components from the Existing Treatment Process are used. 

Existing or Planned  

The "Existing or Planned" column displays whether the Major Component is an 

existing or planned component. The data comes entirely from the selected 

Planned Project option, if one exists. The term "Existing" refers to the existing 

components in the Planned Project, while the term "Planned" refers to the 

planned components in the Planned Project.  

 

Each Planned Project contains both existing and planned Major Components. 

Although the "existing" components are originally derived from the Existing 

Treatment Process train diagram, each Planned Project has its own versions of 

those existing components, with its own connections, which may differ from the 

original connections in the Existing Treatment Process train diagram. The 

connections between the Planned Project's existing and planned components are 
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the ones used in this screen.  

 

The connections in the Existing Treatment Process are not used in this screen 

unless there are no Planned Projects. If there are no Planned Projects, the data 

for this screen comes solely from the Existing Treatment Process, and there will 

be no planned components. In that case, the term "Existing" refers to the 

components in the Existing Treatment Process screen.  

 

So, the term "Existing" refers to existing components in the Planned Project 

diagram, unless there are no Planned Projects. 

Year Online  

The year the Major Component goes online. This data always comes from the 

Planned Project because only Planned Project components can go online. 

Existing Treatment Process components are always online unless they go offline; 

they cannot go online in a certain year - they can only go offline. 

Year Offline  

The year the existing Major Component goes offline and is no longer available to 

the system. This value always comes from the Existing Treatment Process 

screen, regardless of whether or not Planned Projects exist. This is because only 

Existing Treatment Process components can go offline. Planned Project 

components can be offline, but that is only because they are not yet online - they 

cannot go offline once they are online. 

Train  

The train that each Major Component is in (from the Planned Projects train, or 

the Existing Treatment Process train, if no Planned Projects exist). 

Major Component Pollutant Addition Increase  
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The amount or concentration that will be added to the BOD, TSS, TN, TP or 

additional pollutant in the Projected Effluent Concentration or Value column in the 

Effluent Quality screen. 

Regulatory Requirements 

The Regulatory Requirements screen allows the user to enter National Pollutant 

Discharge Elimination System (NPDES) effluent quality requirements for the 

pollutants in the system. These values will be used by the Effluent Quality screen 

when determining if the effluent concentration values satisfy regulatory 

requirements. 

Name, Selected, Options 

The top portion of the screen contains the Name, Selected check box, and the 

selected options. 

Additional Data Button  

Clicking the Additional Data button toggles between hiding and displaying the top 

portion of the form. 

Name  

The user enters the name of the Regulatory Requirements option in the Name 

box. This name will be used in the Data Tree, in the selection drop-down lists in 

the Scenario Summary form, and in reports and graphs. 

Selected Check Box  

The Selected check box denotes whether the Regulatory Requirements option is 

the one that is currently used by the system in calculations. When the box is 

unchecked, checking it will make the Regulatory Requirements option the 

currently selected one. Once the data is saved, the check box cannot be 
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unchecked. To make a different Regulatory Requirements option the selected 

one, click on that option in the Data Tree, and click its Selected box in the Data 

Window, or visit the Scenario Summary screen to set the selections. 

Selected Option  

The BOD, TSS, TN, and TP will always appear in the Regulatory Requirements 

grid, but the additional pollutants come from the Other Pollutants screen. 

Changing the selected Other Pollutants option in the drop-down list will load the 

additional pollutants for that option into the grid.  

 

Each Other Pollutants option has its own values for the additional pollutants. This 

means that when changing the selected Other Pollutants option, the regulatory 

requirement values for the additional pollutants for that option will be loaded into 

the grid, but the BOD, TSS, TN, and TP values will remain unchanged because 

they are shared by all of the Other Pollutants options. 

Whenever a new selection is made, that selection becomes the active selection 

for the entire system. The data for that option is loaded into the Regulatory 

Requirements grid, and the system values are recalculated. 
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Criteria  

The Criteria column will always contain ADW Flow, BOD, TSS, TN, and TP. If an 

Other Pollutants option exists, the Criteria column will also contain the pollutants 

from the selected Other Pollutants option. Changing the selected Other 

Pollutants option in the drop-down list will cause the Regulatory Requirements 

grid to reload Major Components in the grid to change to match the components 

that exist in the Planned Projects screen.  

 

Each Planned Project has its own pollutant addition values for BOD, TSS, TN, 

and TP as well as all the additional pollutants. This means that changing the 

selected Planned Projects option will cause the entire grid to be reloaded with the 

pollutant addition values from the selected Planned Project. 

Whenever a new selection is made, that selection becomes the active selection 

for the entire system. The data for that option is loaded into the Pollutant Addition 

grid, and the system values are recalculated. 

Regulation Year Start  

The year in which the regulation of the pollutant will begin. If this value is left 

blank, the pollutant will be unregulated in the Effluent Quality screen.  
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The value must be a four-digit year. 

Regulation Year End  

The year in which the regulation of the pollutant will end. If a year is entered in 

this column, a year must also be entered in the Regulation Year Start column.  

 

The value must be a four-digit year. 

Effluent Quality Requirement  

The NPDES regulatory requirement for the item in the Criteria column, in the 

units that appear in the Criteria column. 

Project Schedule 

The Project Schedule screen displays the scheduling information for the currently 

selected Planned Project. Each planned Major Component in the Planned 

Project that is included in treatment or included in costs (or both) will be 

displayed in the Project Schedule grid. 

The Project Schedule grid is not editable. 

Selected Option 

The top portion of the screen contains the Planned Projects selected option. 

Additional Data Button  

Clicking the Additional Data button toggles between hiding and displaying the top 

portion of the form. 

Selected Planned Project Option  
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The Project Names and Associated Major Components that are listed in the 

Project Schedule grid come from the Planned Projects screen. Changing the 

selected Planned Projects option in the drop-down list will load the Project 

Names and Associated Major Components into the grid for that Planned Project. 

Whenever a new selection is made, that selection becomes the active selection 

for the entire system. The data for that option is loaded into the Project Schedule 

grid, and the system values are recalculated. 

 

 

Associated Major Component  

The Associated Major Component comes from the selected Planned Projects 

grid. Only those planned Major Components that are included in treatment or 

included in costs (or both) will be included in the Project Schedule grid. 

Train  
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Data for the Train data comes from the Train column in the selected Planned 

Projects grid. 

Added Capacity  

Data for the Added Capacity column comes from the Capacity column in the 

selected Planned Projects grid. 

Capacity Units  

Data for the Capacity Units column comes from the Capacity Units column in the 

selected Planned Projects grid. 

Design Length  

Data for the Design Length column comes from the Design Length column in the 

selected Planned Projects grid. 

Construction Length  

Data for the Construction Length column comes from the Construction Length 

column in the selected Planned Projects grid. 

Year Design Starts  

The Year Design Starts is the year during which the design process should begin 

so that the project will be completed by the scheduled year online.  

 

The Year Design Starts is calculated as follows:  

 

Equation: Year Online  - Design Length  - Construction length 

Year Construction Starts  
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The Year Construction Starts is the year during which the construction process 

should begin so that the project will be completed by the scheduled year online.  

 

The Year Construction Starts is calculated as follows:  

 

Equation: Year Online  - Construction Length 

Year Online  

Data for the Year Online column comes from the Year Online column in the 

selected Planned Projects grid. 

Planned Projects and Costs 

The Planned Projects and Costs screen represents the configuration of major 

components for the years in the planning period. The planned components are 

created by adding Major Components to the grid or train, entering data for those 

components, and creating connections in the train. Multiple Planned Project 

options can be created to determine the effects of various component 

configurations.  

When a Planned Project is created, it starts off with all of the existing treatment 

process components and connections as a basis upon which to build. Whenever 

a change is made to a component or connection in the Existing Treatment 

Process screen, that change is automatically included in all the Planned Projects 

in the Scenario. 

When there are no Planned Projects, the Existing Treatment Process serves as 

the treatment system upon which calculations are based. System calculations 

(such as those for Capacity Evaluation and Effluent Quality) are based on the 

components and data that appear in the Existing Treatment Process. 
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When Planned Projects exist, system calculations are no longer based on the 

Existing Treatment Process, but are based on the components and data in the 

selected Planned Project. Although the Existing Treatment Process is no longer 

used as the basis for those calculations, it is still used as the starting point for 

newly-created Planned Projects. 

In addition, whenever a change is made to a component or connection in the 

Existing Treatment Process screen, that change is automatically included in all 

the Planned Projects in the Scenario. For example, if a connection is created 

between two components in the Treatment Process train, that connection will 

also be created automatically in all the Planned Projects in the Scenario. 

However, if a connection is deleted in the Treatment Process train, that 

connection will NOT be deleted from any of the Planned Projects. The Treatment 

Process only adds information to the Planned Projects; it never deletes it. Any 

changes made in the Planned Projects will have no effect on any data in the 

Treatment Process screen. 

General Data Operations 

Adding Grid Rows.  Click the Add Component button to display a small major 

components box. A row is added to the grid by dragging a component from the 

major components box and dropping it into the grid or train. When a component 

is dropped into the train, it is automatically added to the grid, and the "Included in 

Treatment" check box is checked. When a component is dropped into the grid, it 

is not automatically added to the train, and its "Included in Treatment" check box 

is not checked. Checking the "Included in Treatment" checkbox causes the 

component to appear in the train. Unchecking the checkbox removes the 

component from the train. See the Adds Capacity column, below, for a 

description of added-capacity components 
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Deleting Grid Rows.  When a row is deleted from the grid, that component is 

deleted from the train. The component and all of its data will be deleted when the 

data is saved. 

Major Components.  Components are added to the planned project by clicking 

the Add Component button and dragging components from the major 

components box and dropping them into the grid or train. 

Train.  The components that are marked as "Included in Treatment" in the grid 

will appear in the treatment train. Click the Train button in the toolbar to 

display/hide the train diagram. Click the year to the left of the Liquids button to 

display and select from the list of Projected Years. Years in blue indicate a 

change in component connection or Year Online for that year. 

Component Connections.  Creating connections between the components 

creates the flow through the treatment train. To create a connection, check the 

Connect check box, click a component, and then click another component. The 

connection will be created between the two components. If a third component is 

then clicked, a connection will be created from the second component to the third 

component. To then create a connection between two other components, four 

and five, click a blank spot on the train to remove the highlight from the third 

component, and click component four to highlight it, and then click component 

five to create the connection.  

Removing or Deleting Components.  To remove a component from the treatment 

train, click on it in the train and press the Delete button. The component will be 

removed from the train; it will remain in the grid, but its "Included in Treatment" 

check box will be unchecked. A component can also be removed from the train 

by unchecking its "Included in Treatment" check box in the grid.  

 

When a component is removed from treatment via the methods described above, 

that component, along with its data, remains in the grid. To delete the component 
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complete, rather than just removing it from treatment, delete its row from the grid. 

Deleting the grid row will delete the component from the grid and the train, and all 

of its data will be deleted when the Planned Projects data is saved.  

Liquids and Solids.  The train is separated into a liquids train and a solids train. 

Click the Liquids button to view the liquids train, and the Solids button to view the 

solids train. 

Check Unconnected.  In order for the flow to travel through all components, the 

components must be connected to each other. If a component has no 

connections, it will not be included in the flow. Click the Check Unconnected 

button to display a list of the unconnected components. If there are any 

unconnected components, the Capacity Evaluation and Effluent Quality 

calculations cannot be performed, and the data for those screens will not be 

displayed. 

Name, Selected, ELAC, ENR, Total Included Project Costs 

The top portion of the screen contains the Name, the Selected check box, the 

ELAC factor, ENR values, and the Total Included Project Costs. 

Additional Data Button  

Clicking the Additional Data button toggles between hiding and displaying the top 

portion of the form. 

Name  

The user enters the name of the projected Planned Projects option in the Name 

box. This name will be used in the Data Tree, in the selection drop-down lists in 

the Scenario Summary form, and in reports and graphs. 

Selected Check Box  
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The Selected check box denotes whether the projected Planned Projects option 

is the one that is currently used by the system in calculations. When the box is 

unchecked, checking it will make the Planned Projects option the currently 

selected one. Once the data is saved, the check box cannot be unchecked. To 

make a different Planned Projects option the selected one, click on that option in 

the Data Tree, and click its Selected box in the Data Window, or visit the 

Scenario Summary screen to set the selections. 

ELAC Factor  

The ELAC Factor modifies the Total Project Cost values by multiplying it by the 

value entered into the ELAC Factor box. 

ENR Values  

The Engineering News Record (ENR) index values allow costs estimated in 

previous years to be adjusted to the current year. The ENR index represents the 

costs of construction from year to year. The Original ENR Value represents the 

ENR index for the year in which the costs were determined. The Current ENR 

Value represents the ENR index for the current year. The equation for adjusting 

the costs to the current year is as follows: 

Equation: Current Cost = Original Cost  x  Current ENR Value / Original ENR 

Value 

To apply the ENR values, check the "Use ENR Values" check box, and enter the 

Original ENR Value and the Current ENR Value.  

 

When the "Use ENR Values" box is checked, the data in the Estimated 

Construction Cost column are not editable. 

Total Included Project Costs  
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The Total Project Cost for all Major Components is split into Expansion and 

Replacement/Improvement portions based on the percentages in the 

"Percentage of Project Costs Allocated to Expansion" column and the 

"Percentage of Project Costs Allocated to Replacement or Improvement" column. 

The totals for each of those portions appears in the Expansion and 

Replacement/Improvement boxes. 

 

Planned Projects Data 

The bottom portion of the screen contains data for the Planned Projects.  
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Project Name  

The user enters a Project Name for each row in the grid. 

Associated Major Component  

Each Major Component is added to the grid by dragging and dropping from the 

small major components box accessed by clicking the Add Component button.  

 

There can be multiple components of the same type in each lettered section of 

the train, but only one of them will be visible in the train. The other components in 

the train will be invisible, and they will only contribute capacity to the visible 

component. For example, if a Membrane Bioreactor exists in train section C, and 

another Membrane Bioreactor is dropped into section C, the newly-dropped 

Membrane Bioreactor will become invisible, and will become a capacity 

contributor to the visible Membrane Bioreactor. Any other Membrane Bioreactors 

dropped into section C will also become invisible capacity contributors. The 

invisible component cannot have any connections, as it does not stand on its 

own, but is only a contributor to another component. 

When a component is a capacity contributor, the word "Yes" will appear in the 

Adds Capacity column. 

Train  

The Train column displays the letter of the train section in which the Major 

Component appears. 

Included in Treatment  

Check the Included in Treatment check box to include the component in the 

treatment train. Uncheck the box to remove the components from the train. When 
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the Included in Treatment box is checked the Included in Costs box is 

automatically checked. 

Included in Costs  

Some components, such as administration or maintenance, do not appear in the 

treatment train, but are included in the system because they have associated 

costs. To include a component only for cost purposes, leave the Included in 

Treatment box unchecked, and check the Included in Costs box. The component 

will not appear in the train, but will appear in the O&M Costs screen. 

Liquid or Solid  

The value in the Liquid or Solid column denotes the component as a Liquids or 

Solids component. Liquids components appear in the Liquids train, and Solids 

components appear in the Solids train. Click the Liquids button and the Solids 

button to view the train diagrams. 

Flow Order Train  

The Flow Order Train column contains the flow order of each component. The 

flow order is based on the connections between the components. Each 

component is numbered in succession based on the connection coming into it 

from the previous component. Components that have no connections have no 

Flow Order Train value. 

Reason  

The user selects a reason for the existence of the project from a predefined list of 

reasons. 

Adds Capacity  
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There can be multiple components of the same type in each lettered section of 

the train, but only one of them will be visible in the train. The other components in 

the train will be invisible, and they will only contribute capacity to the visible 

component. For example, if a Membrane Bioreactor exists in train section C, and 

another Membrane Bioreactor is dropped into section C, the newly-dropped 

Membrane Bioreactor will become invisible, and will become a capacity 

contributor to the visible Membrane Bioreactor. Any other Membrane Bioreactors 

dropped into section C will also become invisible capacity contributors. The 

invisible component cannot have any connections, as it does not stand on its 

own, but is only a contributor to another component.  

 

When a component is a capacity contributor, the word "Yes" will appear in the 

Adds Capacity column.  

 

The invisible components can be revealed by unchecking the Existing check box, 

so that only the Planned check box is checked. The Membrane Bioreactor circled 

in pink, below, is an added-capacity component. It contributes capacity to the 

other Membrane Bioreactor in section C of the train. 

 

Capacity  

The Capacity Type for each Major Component. The Capacity Type for all Major 

Components is displayed in the Major Component window. 
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Capacity Type  

The Capacity Type for each Major Component. The Capacity Type for all Major 

Components is displayed in the Major Component window. 

Capacity Units  

The capacity unit for each Major Component. The capacity unit for each Major 

Component is displayed in the Major Component window. 

Design Length  

The user enters the length of time the design process will take, in whole years. 

Construction Length  

The user enters the length of time the construction process will take, in whole 

years. 

Year Online  

The user enters the year the major component will come online. 

Estimated Construction Cost  

The user enters the estimated cost of construction for the project. The Estimated 

Construction Cost column is not editable when the Use ENR Values check box is 

checked. To edit the values, uncheck the Use ENR Values check box. 

Total Project Cost  

The Total Project Cost is the Estimated Construction Cost modified by the ELAC 

Factor and the ENR values. 

Percentage of Project Costs Allocated To Expansion  
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The user enters the percentage of the total costs that are applicable to expansion 

costs. Enter values as percentages, so that entering 50.00 represents 50%. The 

Expansion percentage plus the Replacement/Improvement percentage must total 

100%. 

Percentage of Project Costs Allocated To Replacement or Improvement  

The user enters the percentage of the total costs that are applicable to 

replacement or improvement costs. Enter values as percentages, so that 

entering 50.00 represents 50%. The Expansion percentage plus the 

Replacement/Improvement percentage must total 100%. 

Number of Units  

The user enters the number of units that comprise the component. This is a 

numeric value only. 

Comments  

The user enters comments for each project/major component row in the grid. 

Costs 

The Costs screen displays the total costs from the Project Expansion Costs, 

Project Replacement/Improvement Costs, and O&M Costs screens 
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Year  

The Year column contains the years that exist in the Projected Years screen. 

Expansion Project Costs 

The costs for each year from the Project Expansion Costs screen.   

Replacement/Improvement Project Costs  

The costs for each year from the Project Replacement/Improvement Costs 

screen. 

O&M Costs  

The costs for each year from the O&M Costs screen. 

Total Costs  

The total costs for each year. 

Standard S Curve 
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The percentages in the Standard S Curve grid are used to calculate the yearly 

costs in the Project Expansion Costs and Project Replacement/Improvement 

Costs screens. 

 

Example Calculation  

The image below shows a portion of the Project Expansion Costs grid. The cost 

for 2008 for a project with a total cost of $210,583.10 (the first row in the grid) is 

calculated as follows: 

Find the percentages in the Project Duration column in the Standard S Curve grid 

for a project that lasts three years. The percentages are 10%, 45%, and 45%. 

The total project cost is $210,583.10, so the cost for the first year is $210,583.10 

x 10% = $21,058.31; the cost for the second year is $210,583.10 x 45% = 

$94,762.40; and the cost for the third year is $210,583.10 x 45% = $94,762.40. 

The projects starts in 2006 and ends in 2008, making 2008 the third year. So the 

cost in 2008 is $94,762.40.  

 

(For the purposes of determining project schedules and costs, a year starts in 

January and ends in December, so that the first year of the project is the entire 
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year of 2006, the second year is 2007, and the third year is 2008, so that the 

project is ready to go online at the beginning of 2009). 

 

Project Duration  

The length of the project, in years. 

Percent by Year  

The percentage of the total project cost that is applied to each year of the project. 

Total  

The total of the percentages in the "Percent by Year" column. 

Project Expansion Costs 

The Project Expansion Costs screen displays the expansion-related project cost 

data from the selected Planned Projects option. Each Major Component in the 

Planned Project that is included in treatment or included in costs (or both) will be 

displayed in the Project Expansion Costs grid. 

The data in the Project Expansion Costs grid is not editable. 

Project Cost Escalation 

The top portion of the screen contains the Project Cost Escalation data. 

Additional Data Button  
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Clicking the Additional Data button toggles between hiding and displaying the top 

portion of the form. 

Project Cost Escalation  

Project cost escalation allows inflation to be taken into account when calculating 

costs. By including the effects of inflation, cost escalation provides a more 

realistic estimate of future year costs.  

 

The basis for the cost escalation is the year entered into the "Costs are in what 

year's dollars" box. The cost for each project year is escalated based on that cost 

year. The costs for the first five project year are escalated using the percentage 

entered into the "Escalation rate for first 5 years" box. Subsequent project year 

costs are escalated using the percentage entered into the "Escalation rate for 

subsequent years" box.  

 

To escalate the existing costs, check the "Escalate Costs to Corresponding Year" 

check box, and enter the escalation year and the escalation percentages.  

 

The equations for applying cost escalation are as follows: 

For the case where the Escalation Cost Year + 5 <= Project Year: 

Equation: Future Cost = Original Cost  x  (1 + Escalation PercentageA/100) (Project 

Year  -  Escalation Cost Year)

For the case where the Escalation Cost Year + 5 > Project Year:  

Equation: Future Cost = Original Cost  x  (1 + Escalation PercentageA/100) 
5  x  (1 + Escalation PercentageB/100) (Project Year - Escalation Cost Year - 5)

Where 
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• the Escalation Cost Year is the year in the "Costs are in what year's 

dollars" box  

• the Escalation PercentageA is the escalation rate for the first 5 years  

• the Escalation PercentageB is the escalation rate for subsequent years 
 
For example, a 2007 cost of $94,762.40 escalated to 2008 dollars would be 

$100,448.14:  

 

$94,762.40  x  (1 + 6/100) (2008 - 2007) = $100,448.14  

 

while a 2007 cost of $4,673,292.35 escalated to 2014 dollars would be 

$6,764,239.17:  

 

$4,673,292.35  x  (1 + 6/100) 5   x  (1 + 4/100) (2014 - 2007 - 5) = $6,764,239.17 
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Project Name  

The Project Name comes from the Project Name column in the Planned Projects 

screen. 

Associated Major Component  

The Associated Major Component comes from the selected Planned Projects 

grid. Only those planned Major Components that are included in treatment or 

included in costs (or both) will be included in the Project Expansion Costs grid. 

Train  

Data for the Train column comes from the Train column in the selected Planned 

Projects grid. 

Start Date  

The Start Date is the year during which the design process should begin so that 

the project will be completed by the scheduled year online.  
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The Start Date is calculated as follows:  

 

Equation: Year Online  -  Project Duration 

Year Online  

Data for the Year Online column comes from the Year Online column in the 

selected Planned Projects grid. 

Project Duration  

The Project Duration is the length of time it will take to complete the design and 

construction of the project.  

 

The Project Duration is calculated as follows:  

 

Equation: Design Length  +  Construction Length  

 

(The Design Length and Construction Length come from the Planned Projects 

grid.)

Total Expansion Project Cost  

The total of the expansion portion of the project cost, from the Planned Projects 

screen, modified by ENR and cost escalation, if used. 

Expansion Project Cost by Year  

The expansion project costs are broken down by year in the Expansion Project 

Cost by Year columns based on the percentages in the Standard S Curve 

screen.  
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For example, the cost for year 2008 for a project with a total cost of $210,583.10 

(the first row in the grid below) is calculated as follows: 

Find the percentages in the Standard S Curve grid (the second image, below) for 

a project that lasts three years. The percentages are 10%, 45%, and 45%. 

The total project cost is $210,583.10, so the cost for the first year is $210,583.10 

x 10% = $21,058.31;  

the cost for the second year is $210,583.10 x 45% = $94,762.40; and  

the cost for the third year is $210,583.10 x 45% = $94,762.40. 

The project starts in 2006 and ends in 2008, making 2008 the third year. So the 

cost in 2008 is $94,762.40.  

 

(For the purposes of determining project schedules and costs, a year starts in 

January and ends in December, so that the first year of the project is the entire 

year of 2006, the second year is 2007, and the third year is 2008, so that the 

project is ready to go online at the beginning of 2009). 

 

The image below shows a portion of the Standard S Curve grid. 

 

Project Replacement/Improvement Costs 
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Project Cost Escalation 

The top portion of the screen contains the Project Cost Escalation data. 

Additional Data Button  

Clicking the Additional Data button toggles between hiding and displaying the top 

portion of the form. 

Project Cost Escalation  

Project cost escalation allows inflation to be taken into account when calculating 

costs. By including the effects of inflation, cost escalation provides a more 

realistic estimate of future year costs.  

 

The basis for the cost escalation is the year entered into the "Costs are in what 

year's dollars" box. The cost for each project year is escalated based on that cost 

year. The costs for the first five project year are escalated using the percentage 

entered into the "Escalation rate for first 5 years" box. Subsequent project year 

costs are escalated using the percentage entered into the "Escalation rate for 

subsequent years" box.  

 

To escalate the existing costs, check the "Escalate Costs to Corresponding Year" 

check box, and enter the escalation year and the escalation percentages.  

 

The equations for applying cost escalation are as follows: 

For the case where the Escalation Cost Year + 5 <= Project Year: 

Equation: Future Cost = Original Cost  x  (1 + Escalation PercentageA/100) (Project 

Year  -  Escalation Cost Year)

For the case where the Escalation Cost Year + 5 > Project Year: 
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Equation: Future Cost = Original Cost  x  (1 + Escalation PercentageA/100) 
5  x  (1 + Escalation PercentageB/100) (Project Year - Escalation Cost Year - 5)

Where 

• the Escalation Cost Year is the year in the "Costs are in what year's 

dollars" box  

• the Escalation PercentageA is the escalation rate for the first 5 years  

• the Escalation PercentageB is the escalation rate for subsequent years 

 

For example, a 2007 cost of $94,762.40 escalated to 2008 dollars would be 

$100,448.14:  

 

$94,762.40  x  (1 + 6/100) (2008 - 2007) = $100,448.14  

 

while a 2007 cost of $4,673,292.35 escalated to 2014 dollars would be 

$6,764,239.17:  

 

$4,673,292.35  x  (1 + 6/100) 5   x  (1 + 4/100) (2014 - 2007 - 5) = $6,764,239.17 
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Project Name  

The Project Name comes from the Project Name column in the Planned Projects 

screen. 

Associated Major Component  

The Associated Major Component comes from the selected Planned Projects 

grid. Only those planned Major Components that are included in treatment or 

included in costs (or both) will be included in the Project 

Replacement/Improvement Costs grid. 

Train  

Data for the Train column comes from the Train column in the selected Planned 

Projects grid. 

Start Date  

The Start Date is the year during which the design process should begin so that 

the project will be completed by the scheduled year online.  
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The Start Date is calculated as follows:  

 

Equation: Year Online  -  Project Duration 

Year Online  

Data for the Year Online column comes from the Year Online column in the 

selected Planned Projects grid. 

Project Duration  

The Project Duration is the length of time it will take to complete the design and 

construction of the project.  

 

The Project Duration is calculated as follows:  

 

Equation: Design Length  +  Construction Length  

 

(The Design Length and Construction Length come from the Planned Projects 

grid.)

Total Replacement/Improvement Project Cost  

The total of the replacement/improvement portion of the project cost, from the 

Planned Projects screen, modified by ENR and cost escalation, if used. 

Replacement/Improvement Project Cost by Year  

The replacement/improvement project costs are broken down by year in the 

Replacement/Improvement Project Cost by Year columns based on the 

percentages in the Standard S Curve screen.  
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For example, the cost for year 2008 for a project with a total cost of 

$13,199,999.80 (the first row in the grid below is calculated as follows): 

Find the percentages in the Standard S Curve grid (the second image, below) for 

a project that lasts four years. The percentages are 10%, 35%, 35%, and 20%. 

The total project cost is $13,199,999.80, so the cost for the first year is 

$13,199,999.80 x 10% = $1,319,999.98;  

the cost for the second year is $13,199,999.80 x 35% = $4,619,999.93;  

the cost for the third year is $13,199,999.80 x 35% = $4,619,999.93; and  

the cost for the fourth year is $13,199,999.80 x 20% = $2,639,999.96. 

The project starts in 2008 and ends in 2011, making 2008 the first year. So the 

cost in 2008 is $1,319,999.98.  

 

(For the purposes of determining project schedules and costs, a year starts in 

January and ends in December, so that the first year of the project is the entire 

year of 2008, the second year is 2009, the third year is 2010, and the fourth year 

is 2011, so that the project is ready to go online at the beginning of 2012). 

 

The image below shows a portion of the Standard S Curve grid. 
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O&M Costs 

The O&M Costs screen allows the user to enter maintenance and operations 

costs for each Major Component, as well as labor and disposal costs, for each 

year in the planning period. Each Major Component appears in the grid only for 

those years when that component is online.  

Editing the Data 

The data in the left-hand grid is not editable. The data in the right-hand grid is 

editable only when both the ENR Values check box and the Project Cost 

Escalation check box are unchecked. When either of those check boxes is 

checked, the data is not editable. 

ENR Values, Project Cost Escalation 

The top portion of the screen contains the ENR Values and the Project Cost 

Escalation data. 

Additional Data Button  

Clicking the Additional Data button toggles between hiding and displaying the top 

portion of the form. 

ENR Values  

The Engineering News Record (ENR) index values allow costs estimated in 

previous years to be adjusted to the current year. The ENR index represents the 

costs of construction from year to year. The Original ENR Value represents the 

ENR index for the year in which the costs were determined. The Current ENR 

Value represents the ENR index for the current year. The equation for adjusting 

the costs to the current year is as follows: 
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Equation: Current Cost = Original Cost  x  Current ENR Value / Original ENR 

Value 

To apply the ENR values, check the "Use ENR Values" check box, and enter the 

Original ENR Value and the Current ENR Value. 

Project Cost Escalation  

Project cost escalation allows inflation to be taken into account when calculating 

future costs. By including the effects of inflation, cost escalation provides a more 

realistic estimate of future year costs.  

 

The basis for the cost escalation is the year entered into the "Costs are in what 

year's dollars" box. The cost for each project year is escalated based on that cost 

year. The costs for the first five project year are escalated using the percentage 

entered into the "Escalation rate for first 5 years" box. Subsequent project year 

costs are escalated using the percentage entered into the "Escalation rate for 

subsequent years" box.  

 

To escalate the existing costs, check the "Escalate Costs to Corresponding Year" 

check box, and enter the escalation year and the escalation percentages.  

 

The equations for applying cost escalation are as follows: 

For the case where the Escalation Cost Year + 5 <= Project Year: 

Equation: Future Cost = Original Cost  x  (1 + Escalation PercentageA/100) (Project 

Year  -  Escalation Cost Year)

For the case where the Escalation Cost Year + 5 > Project Year: 

Equation: Future Cost = Original Cost  x  (1 + Escalation PercentageA/100) 
5  x  (1 + Escalation PercentageB/100) (Project Year - Escalation Cost Year - 5)
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Where 

• the Escalation Cost Year is the year in the "Costs are in what year's 

dollars" box 

• the Escalation PercentageA is the escalation rate for the first 5 years  

• the Escalation PercentageB is the escalation rate for subsequent years 

For example, a 2007 cost of $94,762.40 escalated to 2008 dollars would be 

$100,448.14:  

 

$94,762.40  x  (1 + 6/100) (2008 - 2007) = $100,448.14  

 

while a 2007 cost of $4,673,292.35 escalated to 2014 dollars would be 

$6,764,239.17:  

 

$4,673,292.35  x  (1 + 6/100) 5   x  (1 + 4/100) (2014 - 2007 - 5) = $6,764,239.17 
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Year  

The Year column contains the years that exist in the Projected Years screen. 

Total O&M Annual Costs  

The total costs for each year, as detailed in the right-hand grid. 

Major Component Name  

The Major Component comes from the selected Planned Projects grid (or from 

the Existing Treatment Process grid if no Planned Projects exist). Only those 

Major Components that are included in treatment or included in costs (or both) 

will be included in the O&M Costs grid. Each component appears in the grid only 

for those years during which it is online. If the component is offline, it will not 

appear in the grid. 

Train  

Data for the Train column comes from the Train column in the selected Planned 

Projects grid (or from the Existing Treatment Process grid if no Planned Projects 

exist). 
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Operating Cost  

The yearly cost of operations for the Major Component. 

Maintenance Cost  

The yearly cost of maintenance for the Major Component. 

Total Estimated O&M Costs  

The operating cost plus the maintenance cost. 

Labor Cost  

The labor cost for all Major Components during the year. 

Disposal Cost  

The disposal cost for all Major Components during the year. 

TOOLBARS 

Main Toolbar 

The main toolbar for the MPM application appears at the top of the MPM window. 

The buttons in the main toolbar perform operations in the Data Tree, and allow 

access to other areas in the application, such as reports and graphs.  

 

Data Window Toolbar 
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Each data window has a toolbar at the top. The buttons in the toolbar operate for 

that Data Window only.  

 

Main Toolbar 

The main toolbar for the MPM application appears at the top of the MPM window. 

The buttons in the main toolbar perform operations in the Data Tree, and allow 

access to other areas in the application, such as reports and graphs. 

 

See Data Window toolbar for information on the toolbar that exists in each Data 

Window. 

Add  

The Add button adds a new item to the Data Tree. The type of item that is added 

is dependent upon which item is selected in the Data Tree. For instance, if a 

Scenario is the selected tree item, clicking the Add button will add a new 

Scenario to the tree. If one of the Other Pollutants items is selected, a new Other 

Pollutants option will be added to the tree. The types of items that can be added 

to the tree are as follows:  

• Scenario  

• Domestic, Industrial, Other Pollutant, and Water Conservation options  

• Pollutant Reduction, Pollutant Addition, and Regulatory Requirements 

options  

• Planned Projects options  
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The Add button is dimmed (inoperable) when the selected tree item cannot be 

added to the tree. When the Projected Years item is selected in the tree, for 

example, the Add button is inoperable because there can be only one Projected 

Years item in each Scenario. 

Copy  

The Copy button copies the currently selected Data Tree item. The Copy button 

will be dimmed (inoperable) when the selected tree item cannot be copied. For 

instance, because there can be only one Capacity Evaluation per Scenario, that 

item cannot be copied. The items in the tree that can be copied are as follows:  

• Scenario  

• Domestic, Industrial, Other Pollutant, and Water Conservation options  

• Pollutant Reduction, Pollutant Addition, and Regulatory Requirements 

options 

• Planned Projects options 

Delete  

The Delete button deletes the currently selected Data Tree item. The Delete 

button will be dimmed (inoperable) when the selected tree item cannot be 

deleted. For instance, because Capacity Evaluation must exist in every Scenario, 

it cannot be deleted. The items in the tree that can be deleted are as follows:  

• Scenario  

• Domestic, Industrial, Other Pollutant, and Water Conservation options  

• Pollutant Reduction, Pollutant Addition, and Regulatory Requirements 

options 

• Planned Projects options 

Reports  
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Click the Reports button to display, print, and save reports. 

Graphs  

Click the Graphs button to display, print, and save graphs. 

Add Pollutant  

Click the Add Pollutant button to add, edit, or delete pollutants. 

Add Component  

Click the Add Component button to add, edit, or delete major components. 

Data Window Toolbar 

Each Data Window has a toolbar at the top. The buttons in the toolbar operate 

for that Data Window only. Each Data Windows contains only those toolbar 

buttons that are required for that Data Window. For instance, the Projected Years 

screen contains only the Save, Add Row, Copy, Paste, and Help buttons. 

 

See the main toolbar for information on the toolbar that appears in MPM's main 

window. 

Save Data  

Saves the changes made to the data in the Data Window. (See Options for 

automatically saving data.) 

Additional Data  
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Some Data Windows have information at the top of the screen that can be 

hidden to provide more viewing area for the data grid. Clicking the Additional 

Data button toggles between displaying and hiding that additional information. 

Add Row  

Click the Add Row button to add a row to the grid. 

Train  

The Existing Treatment Process and the Planned Projects and Costs screens 

each have a train diagram that displays the major components that are included 

in treatment. Clicking the Train button toggles between displaying and hiding the 

train diagram. 

Add Component  

The Existing Treatment Process and the Planned Projects and Costs screens 

each have a train diagram that displays the major components that are included 

in treatment. Clicking the Add Component button adds a Major Component to the 

grid or train diagram. 

Check Unconnected  

When the system calculations are performed, the Major Components in the train 

diagrams are examined to determine how the components are connected to each 

other. If any component exists that is not connected to another component, the 

Capacity Evaluation and Effluent Quality calculations cannot be performed.  

 

To determine if unconnected components exist, the Check Unconnected button 

is available in the Existing Treatment Process, Planned Projects and Costs, and 

Flow and Solids Allocation screens. 
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Existing Treatment Process  

When pressing the Check Unconnected component button in the Existing 

Treatment Process screen, MPM will display unconnected components for that 

Existing Treatment Process. If Planned Projects exist, then it doesn't matter if 

there are unconnected components in the Existing Treatment Process train 

diagram, because the system no longer uses the Treatment Process component 

connections as the basis for calculations in the system. Once a Planned Project 

exists, the system's calculations are based on the Planned Project components 

and connections. 

Planned Projects  

When pressing the Check Unconnected component button in the Planned 

Projects screen, MPM will display unconnected components for that Planned 

Project. 

Flow and Solids Allocation  

When pressing the Check Unconnected component button in the Flow and Solids 

Allocation screen, MPM will check the selected Planned Project for unconnected 

components. (The selected Planned Project is the one in the data tree with the 

check mark.) The components in the selected Planned Project serve as the basis 

for any system calculations involving components and connections, and its 

components are the ones that are used in other data grids that contain 

components (such as Capacity Evaluation, Flow and Solids Allocation, and 

Pollutant Reduction).  

 

If there are no Planned Projects, then the components in the Existing Treatment 

Process are used as the basis for the system. In this case, pressing the Check 

Unconnected component button in the Flow and Solids Allocation screen checks 

the Existing Treatment Process for unconnected components. 

Copy  

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 11\Appendices\Ch03-Appendix A.doc 



The Copy button can be used to copy highlighted data from a grid or text box. To 

copy data, highlight it, and click the Copy button.  

 

Data can also be copied using the keyboard keys by holding down the Ctrl key 

and pressing the C key. 

Paste  

The Copy button can be used to paste data into an editable grid or text box. To 

paste data, first copy it, as described above, and then highlight the area in the 

grid or text box that will receive the text, and click the paste button.  

 

Data can also be pasted using the keyboard keys by holding down the Ctrl key 

and pressing the V key. 

Links  

Some Data Windows (such as Effluent Quality) have a Links button. Hovering 

over the Links button with the mouse displays links to related Data Windows. 

This is an alternative to clicking on the items in the Data Tree. 

Help  

Click the Help button to open this help file. 

MAJOR COMPONENTS 

Open the Major Component window by clicking the Add Component button in the 

toolbar. 
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Major Components 

The Major Components window is used to add, edit, and delete Major 

Components. The components that appear in the Major Components window are 

the same components that appear in the smaller major components box in the 

Existing Treatment Process and Planned Projects screens. Any changes made 

to the components in this larger Major Components window will show up in the 

smaller major components window. The difference between the two windows is 

that this one allows the user to add, edit, and delete components, which the 

smaller window is used only to add components to the Treatment Process and 

Planned Projects trains. 

MPM contains both built-in major components and user-created major 

components that are used throughout the system. The built-in major components 

are part of the system and cannot be edited or deleted. New major components 

can be created for use in the system, and those major components can be edited 

and deleted. User-created major components are displayed in blue text and 

display "Yes" in the Editable column, while built-in major components are 

displayed in black text, and display "No" in the Editable column.  
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Used in Treatment Processes and Projects  

The "Used in Treatment Processes and Projects" column displays the number of 

times the major component is used in Treatment Processes and Planned 

Projects in all Scenarios in the system. 

Editable Column  

The Editable column displays whether or not the major component is editable by 

the user. Non-editable major components cannot be edited or deleted. 

Adding a Major Component to the System  

To add a Major Component to the system, click the + button to create a new row 

in the grid. Change the name of the new major component and make a selection 

in the Train, Capacity Type, Capacity Unit, and Capacity Basis columns. The 

Major Component is now available to be used in any Scenario by adding it to the 

Existing Treatment Process grid or the Planned Projects and Costs grid. 

Deleting a Major Component from the System  
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To delete a major component from the system, highlight the major component(s) 

to be deleted by clicking on them in the grid, and click the X button at the top of 

the window. (The button will be visible only when user-created major components 

are highlighted.) If any of those major components are used in the Treatment 

Processes, Planned Projects, or Costs of any Scenario, a message box will be 

displayed that lists those major components, allowing the user to see which 

major components are currently being used, and to confirm that they should be 

deleted. 

 

If the major component to be deleted is not currently used in any Scenario in the 

system, the following message box will be displayed: 

 

POLLUTANTS 

Opening the Pollutant Window 
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Open the Pollutant window by clicking the Add Pollutant button in the toolbar. 

 

Pollutants 

MPM contains both built-in pollutants and user-created pollutants that are used 

throughout the system. The built-in pollutants are part of the system and cannot 

be edited or deleted. New pollutants can be created for use in the system, and 

those pollutants can be edited and deleted. User-created pollutants are displayed 

in blue text, while built-in pollutants are displayed in black text.  

 

Adding a Pollutant to the System  

To add a pollutant to the system, click the + button to create a new row in the 

grid. Change the name of the new pollutant and make a selection in the Pollutant 

Units column. The pollutant is now available to be used in any Scenario, by 

adding it to the Other Pollutants grid, or the Other Pollutants - Historical Data 

grid. 
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Deleting a Pollutant from the System  

To delete a pollutant from the system, highlight the pollutant(s) to be deleted by 

clicking on them in the grid, and click the X button at the top of the window. (The 

button will be visible only when user-created pollutants are highlighted.) If any of 

those pollutants have Pollutant Reduction, Addition, or Regulatory data in any 

Scenario, a message box will be displayed that lists those pollutants. If any of the 

pollutants are used only in Other Pollutants Historical data, which will also be 

noted in the message. (Pollutants used only in Other Pollutants Historical data 

have no Pollutant Reduction, Addition, or Regulatory data.) Displaying the 

pollutants in the message box allows the user see which pollutants are currently 

being used, and to confirm that they should be deleted by the system. 

 

H:\Client\Riversid_SAOW\7472A00\Rpt\Volume 11\Appendices\Ch03-Appendix A.doc 



If the pollutant to be deleted is not currently used in any Scenario in the system, 

the following message box will be displayed: 

 

DATABASE 

All data for MPM is stored in the database. The database file resides in the MPM 

folder and is named MPM.mdb. Every time data is added, deleted, or edited, that 

data is saved to the MPM database. 

To protect data, the database should be compacted and backed up from time to 

time. 

Compacting the Database 

Opening the Compact Database Window 

Open the Compact Database window by clicking File on the menu and selecting 

Compact Database. 

 

The Purpose of Compacting a Database 

Over time, the database grows in size as data is created and modified. The 

database may become fragmented, leading to poor performance and possible 
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data loss. Compacting the database will decrease its size, eliminate 

fragmentation, improve performance, and reduce the chance for data loss. A 

database should be compacted from time to time, particularly after large amounts 

of data have been deleted from the database. Compacting after deleting large 

amounts of data is useful because the database does not automatically shrink in 

size when data is deleted from it, but retains the empty space where the data 

used to be. The empty space can be removed only by compacting the database. 

Making a Backup of the Database File Before Compacting 

The "Make a backup copy before compacting" check box is checked by default 

whenever the Compact Database window is opened. When the box is checked, a 

copy of the database is made automatically before the compacting process 

begins. A backup copy should always be made because, although it is unlikely, 

the compacting process may fail, leaving the database unusable and all data in 

the database permanently lost. (Data loss is likely to occur if, for instance, a 

power failure occurs during the compacting process.) If compaction fails, the 

backup copy of the database can be renamed to "MPM.mdb" and opened in the 

MPM application. 

 

Compacting a Database 
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Click the Compact button to compact the database. Compacting will take as little 

as a few seconds for small databases, or up to a minute or more for very large 

databases. 

After compacting, the window shows the database size before and after 

compacting, along with the name of the backup file. 

 

The name of the backup file (Backupmpm10212007_1.mdb, in this example) 

takes the following form:  

 

• the word "Backup"  

• the compacted file name ("mpm")  

• the date in the form mmddyyyy ("10212007")  

• incremental number, if necessary ("_1")  

• the file extension (".mdb")  

Backing Up and Restoring Data 

Why Backing Up Data is Important 

The MPM database should be backed up regularly to storage medium (such as a 

CD-ROM or network drive) to minimize data loss in the event of a hard drive 
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failure or database corruption. The databases can be lost due to hard drive 

failure or unintentional deleting of a database or a folder that contains a 

database. A database can become corrupted due to a power failure during 

operation of MPM or, occasionally, simply through data entry and deletion. Once 

a database becomes corrupted, it is not always possible to retrieve its data and 

the data may be lost forever. Because of the possibility of corruption, it is 

important to back up the database at regular intervals. A backup copy of a 

database can be used to restore data as it existed at the time of the backup. 

How to Back Up Data to a Storage Medium 

To transfer a database to a storage medium, copy the MPM.mdb file from the 

MPM application folder to the storage medium. The backup database can be 

renamed to signify the date and time it was backed up. For instance, the 

MPM.mdb file could be renamed MPM_Nov_2007_Backup.mdb. 

Restoring Data from a Storage Medium 

To restore a backed-up database into MPM, close MPM if it is open, and copy 

the database from the storage medium back into the MPM application folder, and 

rename it, if necessary, back to MPM.mdb. (If there is already a file named 

MPM.mdb in the MPM folder, rename it to something else, like MPM1.mdb, so 

that the backup file can then be named MPM.mdb.) Make sure that the database 

file is not read-only. Open MPM to view the data. 

REPORTS 

The Reports window provides the ability to display, save, and print reports. 
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Display and Print Reports  

To display a "print preview" version of a report, click on an item in the list on the 

left, and then click the printer image under the Display Report heading.  

 

Once the report is displayed it can be printed by clicking the printer image at the 

top of the "print preview" window.  
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Export Reports - Comma-Separated Values File  

Data for each report can be exported to a file in Comma-Separated Values (CSV) 

format. CSV files can be opened in spreadsheet programs such as Excel or Calc. 

Export Reports - PDF File  

Data for each report can be exported to a file in Portable Document Format 

(PDF) format. PDF files can be opened in programs such as Adobe Reader. 

GRAPHS 

The Graphs window provides the ability to display, save, and print graphs. 

 

Display a Graph  

To display a graph, select it from the drop-down list of available graphs and click 

the Create Graph button. 
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Display Labels  

Click the labels button display labels on the graph, as shown below. Click the 

button again to hide the labels. 
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Print Graph  

Click the printer button to print the graph 

Save Graph Image  

Click the camera button to save the graph to an image file. 

Multi-Page Graphs  

The Capacity Evaluation and Project Schedule graphs have multiple pages. To 

display each page, click the left and right page number arrows at the top of the 

graph window. 
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Chapter 1 

STRATEGIC VISION 

1.1 PURPOSE 
The purpose of this chapter is to describe and define the key components of asset 
management as they will be carried out in the Integrated Master Plan, and describe how the 
asset management data from the Maintenance Tactical Plan and the Integrated Master 
Plan can be integrated by the City of Riverside (City). 

The City has developed a strategic vision for implementing asset management within their 
Regional Water Quality Control Plant (RWQCP). The City’s stated goals, per the 
Maintenance Tactical Plan that was developed by the City in June of 2006, are to improve 
internal and external communication, improve infrastructure, increase the quality and 
quantity of reusable resources, and improve employee motivation, recognition, and 
opportunity for advancement. The intent of implementing asset management is to better 
support and achieve these goals in the vision and mission statements developed for the 
RWQCP. The City is therefore embarking on asset management, as both part of the 
Integrated Master Plan, as well as part of their Maintenance Tactical Plan. 

1.2 CONCLUSIONS AND RECOMMENDATIONS 
• The asset management component of the Integrated Master Plan will ensure that the 

proposed CIP includes existing facilities and supports the City’s asset management 
initiative by providing initial data for SPL, a complete asset assessment/valuation 
database specifically designed for asset management, and a basic decision 
framework to more effectively manage the long term planning for the City’s capital 
assets. 

1.3 MAINTENANCE TACTICAL PLAN 
The Maintenance Tactical Plan is intended to identify, focus, and optimize the RWQCP 
maintenance activities in pursuit of a proactive, rather than reactive, mode of operation, in 
order to support the asset management initiative. The goal is to focus on life cycle asset 
management, risk management, and capital equipment replacement. The Maintenance 
Tactical Plan will support asset management through a variety of avenues including the 
SPL Enterprise Asset and Work Management System, which involves the development of a 
Master Equipment List and subsequent data collection and population; availability of 
appropriate maintenance facilities, equipment, and tools; reorganization of maintenance 
(preventative, corrective, and predictive) planning and scheduling; more efficient purchasing 
and warehousing; training and qualification of maintenance personnel; and better control of 
maintenance activities. 
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1.4 ASSET MANAGEMENT IN THE INTEGRATED MASTER PLAN 
The intent of the asset management component of the Integrated Master Plan is to provide 
repair/replacement recommendations for the existing facilities for the overall Capital 
Improvement Plan (CIP) that is produced as a result of the work completed in the Integrated 
Master Plan. This asset management component is also intended to support the asset 
management efforts undertaken as part of the Tactical Plan by providing initial asset data in 
the form of major asset inventory and classification, condition, and other assessment 
information including photographs, useful lives, and cost data. If desired, the City can use 
this information to populate their SPL system. Additionally, a preliminary decision 
framework will be established to select assets for inclusion of projects in the CIP. The 
specific asset management tasks within the Integrated Master Plan are as follows: 

1. Define an asset. 

2. Develop a major asset inventory and classification system. 

3. Perform asset assessments on the identified major assets. 

4. Develop replacement costs and other valuation data. 

5. Populate all data in Carollo Engineer’s (Carollo’s) Water/Wastewater Asset 
Manager™ (WAM™) software application. 

6. Develop specific recommendations for the CIP.  

1.5 ASSET MANAGEMENT STRATEGY 
There are several asset management definitions and components for both the Maintenance 
Tactical Plan and the Integrated Master Plan. Asset management involves defining an 
asset so an inventory may be created for an assessment that assigns condition values and 
collects data. Parameters developed from the assessment and estimated financial 
valuations are used to compile a CIP. Each component in this process is integral to the 
overall asset management strategy. This section describes the key definitions and 
components from both plans and how they may be integrated by the City. 

Defining an “asset” determines the level at which the City’s facilities will be managed. The 
Integrated Master Plan’s “asset” is a major component and can be defined as a complete 
physical component of a facility that enables service to be provided, is critical to plant 
operation, and/or has a value greater than $25,000. Examples would include a pump, a 
major Electrical/Instrumentation and Controls (I&C) item such as a Motor Control Center 
(MCC) or flowmeters, a rapid mixer, or a Heating, Ventilation, and Air Conditioning (HVAC) 
system. It would not include a sample pump, valve actuator, or pump motor. This definition 
is fairly consistent with the SPL “assembly” level and is appropriate for managing capital 
assets. SPL further divides an “asset” into its respective components to effectively manage 
them at a maintenance and operations level. 
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The inventory component determines which items are major assets and is developed based 
on site layouts, flow schematics, existing knowledge of City facilities, and available SPL 
data from the City. Additions to the inventory are made based on assets identified in the 
field, and from Operations and Maintenance (O&M) staff knowledge. The inventory is 
classified based on processes within the facility. This inventory can be used to further 
develop and populate the asset list in SPL.  

The asset assessments are used to develop specific parameters around which a framework 
can be developed and specific decisions can be made. These assessments involve data 
collection and the calculation of a variety of attributes, including condition and specific 
comments based on condition. These comments may include descriptions of corrosion, 
spalling, vibration, and noise; rankings for criticality, vulnerability, risk, and level of service; 
calculations for remaining useful life, evaluated remaining useful life, and economic 
remaining useful life; and documentation of installation year and original useful life. Digital 
photos taken of each asset also contribute to the assessment. Most of this data can be 
used to further populate SPL. WAM™ ranking systems can be converted to SPL ranking 
systems to make the data in the two different systems compatible and consistent.  

The condition ranking system (1 to 5) in WAM™ is based on the percentage of the value of 
the asset that needs to be invested in order to return the asset to excellent condition. The 
condition rating within SPL can also be configured to be on a 1 to 5 scale and be based on 
the user-defined percentage of the asset that is new. This ability to configure the condition 
rating in SPL will allow for consistency with the ranking given in WAM™. Additionally, both 
WAM™ and SPL allow specific comments related to condition so the comment data within 
WAM™ can be easily transferred to SPL. Original useful lives are user defined in both 
WAM™ and SPL, which enables compatibility between the two systems. The remaining 
useful life is calculated using the same equation in both WAM™ and SPL to maintain 
consistency. Criticality in WAM™ is based on four components, for which each has been 
assigned a value, and the four values are added to develop one overall criticality score. 
SPL has four criticality ratings. The WAM™ scores can be divided into four groups, from 
low to high, and each grouping can be associated with one of the SPL ratings to ensure 
compatibility between the two applications. 

Financial valuations are developed to accurately budget for the funds that will be required in 
the future, and to optimize decision making in terms of the tradeoffs between capital and 
O&M spending. Replacement value, repair cost, book value, annual and cumulative 
depreciation, evaluated value, current value, and estimated acquisition value are all 
developed as part of the asset management work within WAM™. Of these valuations, 
acquisition cost, book value, and cumulative depreciation are available within SPL and 
calculated in a similar manner to ensure consistency. 

Based upon the assessment and financial information, a decision framework is developed 
in order to define parameters around which to make recommendations for the CIP. Assets 
with any or all of the following are included in the development of the CIP: high risk, poor 
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condition, low economic remaining useful life, and high cost. This component of the CIP will 
then be discussed with O&M staff to verify the validity for the inclusion of the assets. 
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Chapter 2 

CONDITION ASSESSMENT 

2.1 PURPOSE 
The purpose of this chapter is to describe the procedures that were undertaken to complete 
a condition assessment, and to present the resulting replacement and rehabilitation (R&R) 
recommendations of the key Regional Water Quality Control Plant (RWQCP) assets. 

2.2 CONCLUSIONS AND RECOMMENDATIONS 
The primary emphasis of the Asset Condition Assessment is to determine the condition of 
the aboveground assets at the RWQCP and to develop a list of potential R&R projects for 
the overall Capital Improvement Plan (CIP).  

Recommendations related to these work elements are listed below: 

• Condition Assessment: 
The RWQCP has been operating since the 1940s and main process components 
were built in each decade thereafter. Over the years, the plant has been well 
maintained; this fact is evident in the small number of Condition 4 and 5 assets 
identified during the assessment. Currently, the City of Riverside (City) is anticipating 
and making plans for the R&R needs of the Plant 1 primary clarifiers, the Plant 2 
secondary clarifiers, and the reclaimed water pump station. 

To ensure accurate and timely identification of future R&R projects, it is 
recommended that condition assessments be conducted on a regular basis and that 
assts identified for the R&R projects be monitored and assessed prior to 
implementation of the project. 

Accordingly, it is recommended that assets in poor condition (Condition 4 or 5) be 
assessed annually, and a comprehensive assessment of all of the aboveground 
RWQCP assets be conducted every 3 to 5 years. New assets (installed within the 
past year) should be evaluated concurrent to the comprehensive assessment, to 
ensure that the required information (such as acquisition cost, manufacturer, and 
installation year) is correctly input into Water/Wastewater Asset Manager™ (WAM™). 

The assessments should be conducted by a team of individuals including O&M staff 
and engineering staff, and discipline specialists in electrical, mechanical, and 
structural engineering. Information collected during future condition assessments 
should mirror the work completed in this work. Digital photos of the assets should also 
be taken to document the existing condition of each asset. 
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• Repair and Replacement Project Costs: 
The condition assessment identified several R&R projects that are recommended for 
implementation within the next 10 years. Based on the information obtained in the 
condition assessment, 36 R&R projects have been identified for inclusion in the City’s 
CIP. When reasonable, these R&R projects may be bundled with the planned 
projects from other sections of the master plan. Also, the R&R list may be modified 
according to the conclusions from other sections of the master plan. For example, it 
may be uneconomical to repair certain assets if the overall process is scheduled for 
replacement. Also, some of the assets on the R&R list are already on the plant’s 
existing CIP. Currently, the assets from the primary clarification process are on both 
the existing list and the list from this report. 

It is recommended that the City confirm the estimated project costs during the course 
of the preliminary and/or final engineering that will precede implementation of any of 
the target R&R projects. 

In support of the ongoing effort related to this Asset Management program, other 
recommendations developed during this effort are as follows: 

• Update of the Water/Wastewater Asset Manager™ Database: 
In the future, it will be necessary to update the 2006 WAM™ database. For example, 
as new assets are added to the RWQCP through expansion and improvements, they 
will need to be included in the asset listing and corresponding R&R project list. It is 
recommended that updates of the WAM™ and associated changes to LOS goals be 
conducted every 5 years, coincident to the recommended 3-to 5-year comprehensive 
condition assessment. 

WAM™ is a powerful and dynamic tool that can be used to easily identify assets that 
require attention. However, it is imperative that professional judgment be used when 
developing projects, as there are often factors that may influence projects that are not 
contained or cannot be captured within the WAM™ database. 

2.3 BACKGROUND 
A comprehensive condition assessment is critical to the City’s vision for implementing asset 
management within the RWQCP. The condition assessment involves collection of data 
through review of existing reports, plans, bid tabulations and databases for the existing 
facilities at the RWQCP; interviews with RWQCP staff; and field inspections of key 
aboveground assets. Condition data and estimated replacement costs are then compiled 
into an electronic database using a computer-based asset management tool known as the 
Carollo Engineers (Carollo) WAMTM, which is able to organize the data to develop a list of 
potential R&R projects for the RWQCP’s existing assets. The results of this condition 
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assessment are detailed in this chapter and will be used in conjunction with the results from 
subsequent Master Plan tasks to develop the overall CIP. 

The overall objective of the condition assessment is to meet the goals developed in 
Volume 12, Chapter 1 - Strategic Vision by creating an updated asset inventory, evaluating 
the aboveground assets, estimating appropriate replacement costs for each asset, and 
developing prioritized R&R recommendations of key RWQCP assets. This process includes 
gaining a thorough understanding of each asset’s condition, risk, criticality, vulnerability, 
remaining useful life, and associated costs.  

2.4 EXISTING FACILITY DESCRIPTION 
The RWQCP serves the City of Riverside and several outlying communities. The plant 
became regional in 1978 when service was extended to the communities of Jurupa and 
Rubidoux. The RWQCP has a current sustained treatment capacity of 40 mgd (annual 
average flow) with a peak hydraulic capacity of 88 mgd. Flows through the plant are divided 
between two treatment trains, including Plant 1 (20 mgd) and Plant 2 (20 mgd). Each plant 
is equipped with aeration and sedimentation basins. Secondary effluent is combined 
downstream of the two plants before filtration. Filtration at the RWQCP consists of 16 dual 
media filters operating in parallel. Filtered effluent flows to Chlorine Contact Basins 1 and 3 
and subsequently to the Santa Ana River. A site plan of the existing treatment facilities at 
the RWQCP is shown on Figure 2.1. 

2.5 PROJECT APPROACH  

2.5.1 Methodology Overview 

The following is a brief overview of the methodology implemented for the condition 
assessment. 

1. Asset Management Visioning Workshop: 
A Visioning Workshop was held with the City to determine the City’s vision and 
guidelines for asset management, and to demonstrate how the WAM™ data could be 
integrated into the City’s current SPL system.  

2. Asset Definition and Inventory Development: 
An “asset” was defined and an inventory, or list, of the assets of the RWQCP was 
developed and classified by treatment process through a review of plant documents 
provided by the RWQCP and input from Operations and Maintenance (O&M) staff. An 
“asset” was defined as a complete physical component of a facility that enables 
service to be provided, is critical to plant operation, and/or has a value greater than 
$25,000. 
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EXISTING SITE PLAN

FIGURE 2.1

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN
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3. Software Customization: 
Following development of the asset inventory, the WAMTM software tool was 
customized with an asset “tree” specific to the assets identified at the RWQCP. 

4. Asset Condition Assessment Approach: 
This task included determination of the asset evaluation and condition ranking 
approach used during field inspection. Specific guidelines and condition ranking 
scales were developed for aboveground assets (including visual elements of 
belowground vaults) assets. The task also included establishment of an approach for 
determination of asset vulnerability, criticality, and risk. 

5. Facility Condition Assessment: 
During this task information, risk, and condition data for each asset was collected, 
quantified, documented, and photographed through a field inspection. A Carollo team 
guided by a RWQCP staff member conducted the field inspection. The Carollo team 
included process, structural, mechanical, electrical, and instrumentation and control 
discipline specialists. 

6. Replacement Cost Development and Rationale: 
Replacement cost data was developed for each asset. Estimates were developed 
based on information obtained from cost curves, recent bid tabulations, and recent 
Carollo asset management work conducted for other agencies. The level of accuracy 
of the cost estimates is consistent with that needed to make planning level decisions 
and other cost estimates throughout the Master Plan. The replacement cost data 
reflects total project costs including general conditions, contractor overhead and profit, 
engineering and legal, and a design contingency. 

7. Software Population: 
Data collected during the facility inspection and replacement cost development tasks 
was entered into the customized WAM™ database. 

8. Development of Potential Repair and Replacement Projects: 
Following data population, WAM™ was used to develop five separate lists of potential 
R&R projects. These lists were based on five different criteria: asset condition, risk, 
repair cost, evaluated remaining useful life, and economic remaining useful life. Based 
on specific criteria, key projects from each list were used to develop a single list of 
R&R projects. The developed list will be used in conjunction with the results from 
subsequent Master Plan tasks to develop a CIP for the RWQCP. 

2.5.2 Condition Assessment 

The condition assessment included a field evaluation of key assets by a multi-discipline 
engineering team licensed and experienced in the areas of civil/sanitary engineering, 
mechanical engineering, structural engineering, and electrical/instrumentation engineering. 
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The assessment team visited the RWQCP, inspected the major assets, and interviewed 
O&M personnel regarding the operation and maintenance history of the major facilities and 
assets. 

The information gathered during the condition assessment provides a standardized record 
of the asset condition specific to each discipline. Data collected for each asset included, 
condition, installation year, and discipline specific data as applicable. In addition, other 
relevant information, such as recent performance history, and design and sizing criteria was 
gathered where available, and the existing condition of all assets was documented with 
digital photos. To standardize the process of determining an asset’s condition, specific 
discipline-related questions were answered for each asset. Sample field sheets and 
discipline questions are presented in Appendix A. The assessment also included assigning 
criticality and vulnerability to each major asset, as well as useful life. Data from the 
assessment was organized for entry into the WAMTM database. 

2.6 CONDITION ASSESSMENT RESULTS 

2.6.1 Water/Wastewater Asset Manager™ Reports 

Using the filtering capabilities for the selected criteria in the WAMTM software package, 
condition assessment data was translated into potential repair and rehabilitation projects. 
The main purpose behind generating the report was to better understand and determine true 
project needs at the plant. In addition, separate reports were created to prioritize the data for 
each criterion. The following sections detail each of the assessment data reports that were 
generated using the WAMTM software package. These reports/criterion are intended for use 
in prioritizing potential R&R projects at the plant. WAM™ reports were created for each of 
the following: 

• Asset condition ranking. 

• Asset risk. 

• Economic remaining useful life. 

• Evaluated remaining useful life. 

• Asset replacement and repair cost. 

• Summary report of assets that meet the five criteria listed above. 

A photo of each asset is included in the WAM™ database. An electronic copy of the WAMTM 
software, specifically tailored to the RWQCP, will be provided separately to the City with this 
report. 
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2.6.1.1 Asset Condition 

The ranking scale used in the condition assessment of each asset is shown in Table 2.1. 
Each asset was assigned a condition value based on the percentage of the value of the 
asset that was required to return each asset to essentially new condition (i.e., restored to 
original physical condition, useful life, etc.). This scale is an internationally accepted, 
industry-wide standard for designating asset condition. The condition ranking is related to 
the percentage of the value of an asset needed to repair/rehabilitate the asset to return it to 
its original condition. In the case where an asset was not accessible or was non-existent in 
the field, a ranking of 0 was assigned. 

Table 2.1 Asset Condition Ranking Scale(1)(2)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Ranking Description 
Percentage of Asset 
Requiring Repair(2)

0 Non-Existent/Not Assessed N/A 

1 Very Good Condition  0% 

2 Minor Defects 5% 

3 Maintenance Required to Return to Accepted Level of 
Service 

10 to 20% 

4 Requires Rehabilitation 20 to 40% 

5 Asset Unserviceable >50% 

Notes: 
(1) Adapted from the International Infrastructure Management Manual. 
(2) “Percentage of asset requiring repair” is that percentage of the value of the asset 

needed to return the asset to a condition ranking of 1. 

The repair percentages associated with each condition ranking are used to calculate the 
evaluated remaining useful life, evaluated value, and the necessary repair/rehabilitation 
costs to return the component to its original condition.  

Each major asset (including junction and distribution boxes) was divided into three 
disciplines (as appropriate) and each discipline was assessed individually. The three 
disciplines were:  

1. Mechanical/Electrical/Instrumentation/Piping. 

2. Structural/Architectural. 

3. Civil/Site Work.  

Members of the field condition assessment team separately assigned a condition ranking for 
each discipline. The discipline-specific condition rankings were then compiled into the 
WAMTM software package and averaged by the software into one overall component 
condition ranking based on a cost-weighted basis. 
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Appendix B lists the assets that received the lowest overall condition rankings (i.e., assets in 
greatest need of replacement or rehabilitation based on condition). All assets with a 
condition ranking greater than 3 are included in the list, as assets with a condition greater 
than 3 are in fair to poor condition. The listing is sorted first by condition and then by risk. 
Condition assessment information for each asset at the RWQCP is included in the WAM™ 
database. For comparison, Figure 2.2 indicates the number of assets that received each 
condition ranking score. 

2.6.1.2 Level of Service 

Level of Service (LOS) defines the target condition value desired for each asset. The 
ranking scale used to assign a LOS to each asset is the same as the condition scale shown 
in Table 2.1. Ideally, all assets would be a Condition/LOS of 1. Realistically, it is 
uneconomical to maintain all plant assets at a condition ranking of 1. Based on the City’s 
internal goals for wastewater treatment, each asset was assigned a target LOS value of 2 
(equivalent to an asset condition of 2; good condition). Although there are no specific 
reliability goals associated with the LOS rankings, an LOS value of 2 is considered 
reasonable for the City to meet its goals for wastewater treatment (i.e., if assets meet the 
LOS value of 2, and are therefore in good condition, it is expected that the City will meet its 
service goals).  

The condition assessment was used to quantify any differences between the baseline level 
of service value and the current condition of each asset. If the current condition of the asset 
does not meet the designated LOS value, repairs will need to be made to improve the asset 
condition to meet the LOS goal. However, LOS goals for the assets can be modified based 
on the City’s knowledge of the operations goals and maintenance history of individual 
assets. For example, if an asset will be replaced in the near future, the City may decide to 
decrease the LOS value for the existing asset. This would allow the condition of the existing 
asset to decrease slightly before it is replaced with a new asset, while preventing the 
expenditure of funds needed to maintain the existing asset in good condition (to meet the 
assigned LOS goal of 2). LOS is used to develop the repair costs in the WAM™ report. 

2.6.1.3 Criticality 

Criticality is defined as the relative overall consequence of asset failure. Criticality 
incorporates four main categories: 

1. Public Health and Safety. 

2. Effect on Customers. 

3. Environmental Impacts. 

4. Cost of Repair. 
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FIGURE 2.2

ASSESSMENTS RESULTS

WASTEWATER COLLECTION AND TREATMENT
FACILITIES INTEGRATED MASTER PLAN
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Table 2.2 shows the criticality ranking scale used in the condition assessment of each 
asset. The criticality scoring for an asset (the sum of the individual categories) ranges from 
a possible high of 39 points (highly critical) to a possible low of 2 points (not critical). As can 
be seen in the table, each category is weighted differently; the categories with the highest 
criticality factors are Public Health and Safety and Environmental Impacts (ability to meet 
permit) because these two categories have the highest potential consequence, should an 
asset failure occur. Criticality is one of the two factors used to determine asset risk. 

Table 2.2 Criticality Ranking Scale(1)(2)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Criticality Factor Description Ranking 
Public Health and Safety  

Multiple illness or injury 15 
Illness of injury due to seasonal effects 10 
Single illness or injury 5 
No effect 0 

Effect on Customers  
Major or repeat occurrence 8 
Minor 4 
No effect 0 

Environmental Impacts  
Major 10 
Minor 5 
No effect 0 

Cost of Repair  
More than $20,000 6 
Between $5,000 and $20,000 4 
Less than $5,000 2 

Notes: 
(1) Adapted from the International Infrastructure Management Manual. 
(2) An overall criticality is developed by summing the rankings of the four categories. 

2.6.1.4 Vulnerability 

Vulnerability is the probability or likelihood of asset failure. Failure can occur from physical 
failure, performance failure, or technological obsolescence. The vulnerability of an asset is 
inversely proportional to the evaluated remaining useful life, which is determined as part of 
the condition assessment. Table 2.3 presents the probability of failure associated with the 
vulnerability failure timeframe. Vulnerability is the second factor used to determine asset 
risk. 
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Table 2.3 Vulnerability Scale(1)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Failure Timeframe Probability(2)

1 year 0.9 
2 years 0.7 
3 years 0.4 

4 to 5 years 0.2 
6 to 10 years 0.1 

11 to 20 years 0.05 
21 to 50 years 0.02 

51 to 100 years 0.01 
Notes: 
(1) Adapted from the International Infrastructure Management Manual. 
(2) Probability of failure within the first year of the failure timeframe. 

2.6.1.5 Asset Risk 

Risk is the mathematical product of the criticality score and the vulnerability probability. Risk 
is a relative number used to identify the assets, which have a high probability and/or 
consequence related to their failure to meet prescribed level of service goals. The equation 
used to determine the risk associated with an asset is as follows: 

Risk = Criticality x Vulnerability 

Risk provides information crucial to making more informed management decisions. For 
example, decisions must differentiate need and priority between replacing an asset with a 
high-risk value, or alternatively, choosing to implement an ongoing repair or maintenance 
strategy in lieu of replacement. Generally, assets with a high risk score should be higher on 
the priority list for capital improvements; however, there may be exceptions to this general 
rule. Table C.1 in Appendix C lists the top ranked assets that received the greatest risk 
scores at the RWQCP. For this report, the Appendix includes assets with a risk of 1.26 and 
greater. This cutoff was made based on the R&R rationale as outlined in Section 2.4.1.11. 
The risk assessment for every asset at the RWQCP is included in the WAM™ database. 

2.6.1.6 Original and Remaining Useful Life 

Original Useful Life is the number of years an asset is expected to be in service as a 
function of asset type (i.e., mechanical, structural, electrical, instrumentation and control) 
and Remaining Useful Life is the original useful life less the number of years an asset has 
been in service. Original useful life is used to develop the evaluated remaining useful life 
and economic remaining useful life. The original useful life values for different types of 
assets are presented in Table 2.4. 
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Table 2.4 Original Useful Life per Asset Type 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Asset Type Original Useful Life 
Mechanical 20 years 
Structural 50 years 
Electrical 30 years 
Instrumentation 15 years 
Notes: 
(1) The biofilters were assigned an original useful life of 10 years. 
(2) Exceptions such as the one for the biofilters are made on a case-by-case basis. 

2.6.1.7 Evaluated Remaining Useful Life 

Evaluated Remaining Useful Life (ERUL) is based on the current condition of the asset and 
is the estimated remaining number of years until the physical failure of the asset. ERUL is 
often used in conjunction with Remaining Useful Life to better understand project needs. 
ERUL differs from remaining useful life because it incorporates the asset condition ranking. 
For example, the original useful life for structural components is listed as 50 years. If that 
asset is 49 years old, the remaining useful life will be only 1 year. However, in reality, if that 
asset is still in excellent condition, the “true” remaining life will be much more than 1 year.  

ERUL is one method used to take into account the existing condition and ongoing 
maintenance work on the asset. WAMTM calculates the ERUL for each asset. The table in 
Appendix D lists the assets at the RWQCP with the lowest ERUL. These assets have an 
ERUL of less than 16 years; the cutoff point was selected according to the criteria stated in 
Section 2.4.1.11. The evaluated remaining useful life of every asset is included in the 
WAM™ database. 

2.6.1.8 Economic Remaining Useful Life 

The economic remaining useful life of an asset is the estimated period between the date of 
the condition assessment and the time when the asset degrades to a condition where 
repairing the asset ceases to be cost effective. It is important to keep in mind that the 
economic remaining useful life is only an estimate of the feasible operating period of an 
asset. Factors such as the operating environment, maintenance schedule, and other 
extraneous variables will influence the actual economic remaining useful life. For example, 
the economic remaining useful life of a newly purchased pump is equal to 20 years; 
however, the economic remaining useful life may continue to be 20 years, even several 
years after purchase if the pump is well maintained and run under low-stress conditions. 
Ultimately, if the pump continues to be well maintained, it may be feasible to run it for more 
than 20 years. The table in Appendix E lists assets with the lowest economic remaining 
useful life. The cutoff for the table in Appendix E is 6 years and less. This cutoff was based 
on the criteria stated in Section 2.3.1.11. The WAM™ database contains the economic 
remaining useful life data for all assets. 
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2.6.1.9 Replacement Value  

For this project, replacement value is defined as the cost to replace the asset with a similar 
piece of equipment in August 2006 dollars. 

Replacement costs were developed for each of the key assets at the RWQCP based on 
Carollo’s experience with infrastructure costs at similar wastewater facilities. Ultimate 
project costs at the time of construction are dependent on actual labor and material costs, 
actual site conditions, competitive market conditions, final project scope, final project 
schedule, and other factors. Because of these factors, funding needs must be carefully 
reviewed prior to making specific financial decisions or establishing final budgets. 

The level of accuracy for construction cost estimates varies depending on the level of detail 
to which the project has been defined. Feasibility studies and master plans represent the 
lowest level of accuracy, while pre-bid estimates (based on detailed plans and 
specifications) represent a higher level. The American Association of Cost Engineers has 
developed the following guidelines for developing project cost estimates: 

Type of Estimate Anticipated Accuracy 
Order-of-Magnitude (Master Plans) +50% to -30% 
Budget Estimate (Pre-design Report) +30% to -15% 
Budget Estimate (Pre-design Report) +15% to -5% 

The opinions of cost presented in this report should be considered order-of-magnitude 
estimates, with an anticipated level of accuracy of +50 to -30 percent. The cost opinions for 
each of the listed assets represent August 2006 dollars consistent with the 20-city 
Engineering News-Record (ENR) value of 7723. Location factors were used to adjust the 
costs to the Los Angeles region, so the dollars are also consistent with the Los Angeles 
ENR value of 8570. 

Base construction costs were adjusted to develop total project costs, and included the 
following: 

• Contingency of 30 percent. This contingency represents undeveloped or unforeseen 
design details at the planning stage (i.e., master plans). Design for additional or 
required process equipment and structures that are known, but not yet defined, were 
also included. Costs for the maintenance or operations during construction were not 
included. 

• General conditions estimate of 10 percent. This value includes all items contained 
within Division 01 of most project specifications including: mobilization/demobilization, 
contractor temporary facilities, contractor's field supervision, and bonds and 
insurance. 

• Contractor overhead and profit of 15 percent. This value includes general contractor 
home office overheads and profit. 
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• Sales tax of 7.75 percent on 50 percent of the total direct cost plus the order of 
magnitude contingency. 

• Bid market allowance of 15 percent. This value includes costs due to the volatile 
nature of the current bidding market throughout the United States and especially 
California. 

• Engineering, Legal, Administrative, and Construction management costs (ELAC) of 
30 percent. Legal and administrative costs reflect assistance with permitting and 
financing.  

The costs developed herein are based on estimated total project costs, including all costs 
that may be required to complete the replacement project. Therefore, each cost was 
calculated as the sum of the construction, general conditions, contractor’s costs, bid market 
allowance, sales tax, and ELAC. It is recognized that, depending on the project, total project 
costs may include items such as repaving or relocation of utilities. Such additional costs are 
difficult to predict in the absence of detailed engineering information. However, based on 
Carollo’s experience, the presented planning level contingencies generally cover added 
cost elements such that the total project costs (i.e., the asset “replacement value”) used to 
predict future expenditures are reflective of actual project costs. It is recommended that the 
RWQCP revise any estimated total project costs during the course of preliminary and/or 
final engineering projects that will precede implementation of any of the projects. 

2.6.1.10 Repair Costs  

Repair costs are defined as the cost required to return an asset to a specified level of 
service, in this case a LOS of 2. Repair costs were estimated by WAMTM as a percentage of 
the replacement cost based on the assessed condition. In the case of assets with a 
condition of 5, repair costs are equivalent to replacement costs. It should be noted that the 
developed repair costs represent relative numbers useful for prioritizing R&R projects. 
These costs are not intended to directly correlate to potential alternatives related to each 
asset. In some cases, it may be more practical not to repair specific assets, but rather to 
replace them when their various remaining useful lives expire. For these reasons, the repair 
costs identified herein for each asset should be revisited prior to implementing repair 
projects. Table F.1 in Appendix F lists the top ranked assets with the greatest repair cost 
evaluated as part of the condition assessment. Cost information for every asset at the 
RWQCP is included in the WAM™ database. 

2.6.1.11 Repair and Replacement Rationale 

The goal of creating the different tables was to bring attention to assets according to 
varying criteria. The cutoff points for each asset table were based on past experience and 
the current framework of this 20-year master plan. Accordingly, this report looks at R&R 
greater than $25,000 for the Repair Cost table and ERULs of less than 20 years for the 
ERUL table. It is assumed that most repair costs less than $25,000 will be covered by the 
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plant’s annual maintenance budget. Since assets with an ERUL between 16 and 20 years 
were either Condition 2 or 3, and only assets with Condition 3.8 or greater are included in 
the Condition table), the ERUL table in Appendix D only includes assets with an ERUL of 
16 years and less.  

The remaining economic useful life table in Appendix F has a cutoff of 6 years and less. 
This cutoff captures the most critical assets (Conditions 4 and 5). Almost all assets with a 
greater economic remaining useful life have a condition ranking of 3 or better. The few 
Condition 4 assets above the 6-year threshold are included in the condition-ranking table, in 
Appendix B. 

For the risk table in Appendix C, the cutoff is 1.26 and this number is based roughly on a 
criticality greater than 20 (moderate criticality) and an ERUL of less than 15 years 
(vulnerability = 1/ERUL). The ERUL of 15 years fits within the timeframe of the master plan 
and the criticality of 20 is a median value within the criticality range. It is expected that most 
assets below the 1.26 value have a low consequence and probability related to failure.  

The final R&R list will have exceptions to the individual table cutoffs. For example, an asset 
with a high repair cost could also have a high ERUL. The high repair cost would warrant the 
asset’s placement on the final list even though the ERUL is greater than 20 years. The final 
R&R list will have exceptions to the individual table cutoffs. For example, an asset with a 
high repair cost could also have a high ERUL. The high repair cost would warrant the 
asset’s placement on the final list even though the ERUL is greater than 20 years. 
Conversely, an asset with a high risk rating but a low (good) condition rating may not be 
placed on the final list, even though the risk rating is high. Professional judgment may 
indicate that because of the good condition rating, it is not appropriate to place the asset on 
the list. However, it is suggested that in cases of exceptions, those assets should be 
carefully monitored.  

WAMTM was used to filter and create the initial R&R list based on the above criteria. The 
reports based on the individual criterion were used to fine-tune the WAMTM generated R&R 
list. Based on professional judgment the WAMTM generated list was supplemented with 
items from the individual reports. The final R&R list is a combination of the initial WAMTM 
generated list and these additional items. This final list will aid the City in making economic 
planning decisions related to plant maintenance and operation, as well as capital decisions. 

2.7 REPAIR AND REPLACEMENT PROJECT LIST 
A list of potential R&R projects is detailed in Tables 2.5 and 2.6. Explanations for each R&R 
project are detailed in Table 2.7. Table 2.5 is a list of the assets compiled from the WAM™ 
program using the criteria discussed in Section 2.4.1.11, and Table 2.6 includes additional 
assets that were included based on professional judgment. The items in Table 2.7 have 
mechanical components that are in very poor condition. Since the structural components of 
these items are in good condition, they have a cost weighted condition ranking below the 
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cutoff value of 3. It was necessary to add these items to the R&R list because the 
mechanical components need rehabilitation or replacement. The total repair cost for the 
items in Table 2.5 is $14,093,000 and the total repair cost for the items in Table 2.6 is 
$2,446,000. The overall total repair cost is $16,539,000. Repair costs are only planning 
level estimates (anticipated accuracy of +50% to -30%), and specific repair costs should be 
more closely examined prior to implementation of a project. 

Items can either be added or removed form the list in accordance to plant needs and 
expectations. This list is conditional and the final version will include input from RWQCP 
staff members. Once the City approves the list, it will be used in conjunction with 
subsequent Integrated Master Plan tasks to develop the overall CIP. 

Tables 2.5, 2.6, and 2.7 show the recommended items for the final R&R list and their 
explanations. Although the primary goal of the assessment was to document the condition 
of the plant’s assets and recommend the most critical for the R&R list, a few additional 
issues were documented during the assessment. These issues are related to the following: 

• Tertiary - Influent Pump 1 (Filters 1-10). 

• Tertiary - Influent Pump 2 (Filters 1-10). 

• Tertiary - Influent Pump 3 (Filters 1-10). 

• Old Administration Building. 

The tertiary influent pumps are ranked a Condition 3. Although this ranking does not 
warrant the inclusion of these items with the other items in the R&R list, it is necessary to 
closely watch these items since they have a risk value of 1.26. Currently, some parts of the 
pumps are corroded and some of the seals are leaking. If proper maintenance is not 
performed, repair costs could escalate and equipment failure could occur. Consequently, 
these pumps have the potential of costing the plant a considerable amount of money if they 
are not closely monitored. The old administration building is also ranked a Condition 3. 
Even though the building is in relatively good condition, seismic bracing is required. 
Retrofitting the building with seismic upgrades has the potential of being a costly item, and 
therefore, the City might want to plan for the eventual upgrade of this structure. 
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Table 2.5 Preliminary List of Repair and Replacement Projects 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

No. 

Treatment 
Process/ 

Basin/Zone 

Major Component/ 
Subbasin/ 
Subzone Condition(3) Risk Criticality

Replacement 
Value 

Repair 
Cost(2)(4)

Original 
Useful 

Life 

Evaluated 
Remaining 
Useful Life

Economic 
Remaining 
Useful Life 

1 Primary Primary Clarifier 5 (Plant 1A) 5 2.48 25 $1,018,000 $1,018,000 20 10 0 

2 Primary Primary Clarifier 6 (Plant 1A) 5 2.48 25 $1,018,000 $1,018,000 20 10 0 

3 Primary Primary Clarifier 7 (Plant 1A) 5 2.48 25 $1,018,000 $1,018,000 20 10 0 

4 Primary Primary Clarifier 8 (Plant 1A) 5 2.48 25 $1,018,000 $1,018,000 20 10 0 

5 Primary Primary Clarifier 9 (Plant 1B) 5 2.48 25 $2,121,000 $2,121,000 20 10 0 

6 Primary Primary Clarifier 10 (Plant 1B) 5 2.48 25 $2,121,000 $2,121,000 20 10 0 

7 Electrical Switchgear M (Plant 2) 5 2.25 34 $109,000 $109,000 30 15 0 

8 Electrical Switchgear W (Plant 2) 5 2.25 34 $66,000 $66,000 30 15 0 

9 Primary Primary MCC 1 (Plant 1A, 
Pump Station 12) 

5 1.78 18 $66,000 $66,000 20 10 0 

10 Primary Primary MCC 2 (Plant 1B, 
Pumps Station 13) 

5 1.78 18 $66,000 $66,000 20 10 0 

11 Primary Sludge Pump 5 5 1.49 15 $127,000 $127,000 20 10 0 

12 Primary Sludge Pump 6 5 1.49 15 $127,000 $127,000 20 10 0 

13 Primary Sludge Pump 7 5 1.49 15 $127,000 $127,000 20 10 0 

14 Primary Sludge Pump 8 5 1.49 15 $127,000 $127,000 20 10 0 

15 Primary Sludge Pump 9 5 1.49 15 $127,000 $127,000 20 10 0 

16 Primary Primary Clarifier Structure 
Plant 1A 

5 0.99 25 $1,745,000 $1,745,000 50 25 0 

17 Primary Primary Clarifier Structure 
Plant 1B 

5 0.99 25 $1,818,000 $1,818,000 50 25 0 
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Table 2.5 Preliminary List of Repair and Replacement Projects 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

No. 

Treatment 
Process/ 

Basin/Zone 

Major Component/ 
Subbasin/ 
Subzone Condition(3) Risk Criticality

Replacement 
Value 

Repair 
Cost(2)(4)

Original 
Useful 

Life 

Evaluated 
Remaining 
Useful Life

Economic 
Remaining 
Useful Life 

18 Water 
Recycle 

VFD for Recycle Pump 1 5 0.93 14 $73,000 $73,000 30 15 0 

19 Primary Pump Station 14 5 0.79 20 $198,000 $198,000 50 25 0 

20 Primary Distribution Box (Plant 1) 5 0.71 18 $147,000 $147,000 50 25 0 

21 Digestion Waste Gas Burner 4 2.23 31 $954,000 $250,797 20 14 4 

22 Headworks Biofilter 1 4 1.86 13 $336,000 $88,000 10 7 2 

23 Headworks Biofilter 2 4 1.86 13 $336,000 $88,000 10 7 2 

24 Water 
Recycle 

Water Recycle Pump 6 4 1.01 14 $191,000 $50,000 20 14 4 

25 Digestion Pump Station 1 4 0.57 20 $233,000 $61,000 50 35 10 

26 Buildings Headquarters for Sewer Line 
Maintenance 

4 0.17 6 $1,209,000 $318,000 50 35 10 

Total Repair Cost $14,093,000    

Notes: 
(1) Because of Title 22 requirements, all pumps will be replaced and relocated to Chlorine Contact Basin 2. 
(2) Repair costs are project costs that include a contingency, general conditions, contractor overhead, sales tax, bid market allowances, and 

engineering, legal and construction fees. 
(3) Condition rankings are a cost weighted average of discipline-specific condition rankings, and where applicable the mechanical and 

structural rankings are shown in parentheses by an M or S, respectively. 
(4) The overall total repair cost for the items in both Tables 2.5 and 2.6 is $16,539,000. 
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Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

No. 

Treatment 
Process/ 

Basin/Zone 
Major Component/
Subbasin/Subzone Condition(3) Risk Criticality

Replacement 
Value 

Repair 
Cost(2)(4)

Original 
Useful 

Life 

Evaluated 
Remaining 
Useful Life

Economic 
Remaining 
Useful Life 

27 Cogeneration Cooling Tower (Gas 
Treatment Area) 

3.8 
(M - 4, S -1) 

0.76 13 $299,000 $73,000 22.7 17 6 

28 Digestion Anaerobic 
Digester 4 

2.6 
(M - 4, S - 2)

0.40 16 $10,907,000 $832,000 43.1 40 18 

29 Aeration Blower Building 2 2.4 
(M - 4, S - 2)

0.35 15 $3,413,000 $145,000 46.3 43 20 

30 Primary Primary Clarifier 2 
(Plant 2) 

2.4 
(M - 5, S - 1)

0.58 25 $2,310,000 $303,000 45 43 21 

31 Primary Primary Clarifier 4 
(Plant 2) 

2.4 
(M - 5, S - 1)

0.58 25 $2,310,000 $303,000 45 43 21 

32 Disinfection Chlorine Contact 
Basin 1 

2.3  
(M - 5, S - 2)

0.57 26 $1,526,000 $77,000 48.2 45 21 

33 Equalization Junction Box 9 2.3 
(M - 5, S - 1)

0.41 18 $494,000 $56,000 45.7 44 22 

34 Secondary Clarifier 3 (Plant 2) 2.2 
(M - 4, S - 1)

0.59 25 $2,533,000 $185,000 43.7 42 21 

35 Secondary Clarifier 2 (Plant 2) 2.1 
(M - 4, S - 1)

0.58 25 $3,573,000 $236,000 44.3 43 21 

36 Secondary Clarifier 1 (Plant 2) 2.1 
(M - 4, S - 1)

0.58 25 $3,573,000 $236,000 44.3 43 21 

Total Repair Cost $2,446,000    
Notes: 
(1) Because of Title 22 requirements, all pumps will be replaced and relocated to Chlorine Contact Basin 2. 
(2) Repair costs are project costs that include a contingency, general conditions, contractor overhead, sales tax, bid market allowances, and 

engineering, legal and construction fees. 
(3) Condition rankings are a cost weighted average of discipline-specific condition rankings, and where applicable the mechanical and structural 

rankings are shown in parentheses by an M or S, respectively. 
(4) The overall total repair cost for the items in both Tables 2.5 and 2.6 is $16,539,000. 
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Table 2.7 Preliminary List of Repair and Replacement Projects - Explanations 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

No. 

Treatment 
Process/ 

Basin/Zone 
Major Component/ 
Subbasin/Subzone Explanation 

1 Primary Primary Clarifier 5 (Plant 1A) The clarifiers are outdated, in poor condition, and need to be replaced. 

2 Primary Primary Clarifier 6 (Plant 1A) The clarifiers are outdated, in poor condition, and need to be replaced. 

3 Primary Primary Clarifier 7 (Plant 1A) The clarifiers are outdated, in poor condition, and need to be replaced. 

4 Primary Primary Clarifier 8 (Plant 1A) The clarifiers are outdated, in poor condition, and need to be replaced. 

5 Primary Primary Clarifier 9 (Plant 1B) The clarifiers are outdated, in poor condition, and need to be replaced. 

6 Primary Primary Clarifier 10 (Plant 1B) The clarifiers are outdated, in poor condition, and need to be replaced. 

7 Electrical Switchgear M (Plant 2) The switchgear appears corroded and is over 25 years old. 

8 Electrical Switchgear W (Plant 2) The switchgear appears corroded and is over 25 years old. 

9 Primary Primary MCC 1 (Plant 1A, 
Pump Station 12) 

This MCC unit is scheduled for replacement with the Plant 1 primary clarifiers. 

10 Primary Primary MCC 2 (Plant 1B, 
Pumps Station 13) 

This MCC unit is scheduled for replacement with the Plant 1 primary clarifiers. 

11 Primary Sludge Pump 5 These pumps are old and will be replaced with the Plant 1 clarifiers. 

12 Primary Sludge Pump 6 These pumps are old and will be replaced with the Plant 1 clarifiers. 

13 Primary Sludge Pump 7 These pumps are old and will be replaced with the Plant 1 clarifiers. 

14 Primary Sludge Pump 8 These pumps are old and will be replaced with the Plant 1 clarifiers. 

15 Primary Sludge Pump 9 These pumps are old and will be replaced with the Plant 1 clarifiers. 

16 Primary Primary Clarifier Structure 
Plant 1A 

The structure has concrete spalling, corroded structural elements, and is scheduled 
for replacement. 
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Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Table 2.7 Preliminary List of Repair and Replacement Projects - Explanations 

No. 
Major Component/ 
Subbasin/Subzone Explanation 

Treatment 
Process/ 

Basin/Zone 

17 Primary Primary Clarifier Structure 
Plant 1B 

The structure has concrete spalling, corroded structural elements, and is scheduled 
for replacement. 

18 Water 
Recycle 

VFD for Recycle Pump 1 This unit needs to be replaced. 

19 Primary Pump Station 14 The structure has concrete spalling, excessive corrosion, and is scheduled for 
replacement. 

20 Primary Distribution Box (Plant 1) The structure has excessive spalling from corrosion. 

21 Digestion Waste Gas Burner The exposed structural elements are corroded 

22 Headworks Biofilter 1 The media needs to be replaced. 

23 Headworks Biofilter 2 The media needs to be replaced. 

24 Water 
Recycle(1)

Water Recycle Pump 6 The pump needs to be rebuilt because of excessive corrosion and a seal failure. 

25 Digestion Pump Station 1 The structure most likely requires a seismic retrofit. 

26 Buildings Headquarters for Sewer Line 
Maintenance 

The tile roof is in need of repair, a seismic retrofit is required, and two trusses do not 
have wall anchorages. 

27 Cogeneration Cooling Tower (Gas 
Treatment Area) 

The media needs replacement and the tower is leaking 

28 Digestion Anaerobic Digester 4 The mechanical elements of the asset are in fair to poor condition. The digester is 
leaking because the seal is in poor condition and a conduit is needed for wiring. 

29 Aeration Blower Building 2 Better ventilation is needed. The pipes and ducting are very corroded. The interior 
wall is not braced. 
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Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Table 2.7 Preliminary List of Repair and Replacement Projects - Explanations 

No. 
Major Component/ 
Subbasin/Subzone Explanation 

Treatment 
Process/ 

Basin/Zone 

30 Primary Primary Clarifier 2 (Plant 2) The bridge needs to be repainted and the feedwells are sagging. 

31 Primary Primary Clarifier 4 (Plant 2) The bridge needs to be repainted and the feedwells are sagging. 

32 Disinfection Chlorine Contact Basin 1 The mechanical elements of the asset are in fair to poor condition. The gates do not 
work, the ladder needs replacement, and some instruments need replacement. 

33 Equalization Junction Box 9 The box has been temporarily “repaired” to pull electricity from another box. 

34 Secondary Clarifier 3 (Plant 2) The mechanical elements of the asset are in fair to poor condition. The drive 
mechanism and feedwell need rehabilitation. The weir stiffeners are severely 
corroded. 

35 Secondary Clarifier 2 (Plant 2) The mechanical elements of the asset are in fair to poor condition. New stiffeners are 
needed, the skim bar is bent, and the center well needs repair. 

36 Secondary Clarifier 1 (Plant 2) The weir stiffeners are corroded. 

Notes: 
(1) Because of Title 22 requirements, all pumps will be replaced and relocated to Chlorine Contact Basin 2. 
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Table B.1 Summary of Assets with the Lowest Overall Condition Rankings(1)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

No. 

Treatment 
Process/Basin/

Zone 

Major 
Component/Subbasin/ 

Subzone Condition Risk Criticality 
Replacement 

Value 
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Repair 
Cost(2)

Original 
Useful 

Life 

Evaluated 
Remaining 
Useful Life

Economic 
Remaining 
Useful Life 

1 Primary Primary Clarifier 5 (Plant 1A) 5 2.48 25 $1,018,000 $1,018,000 20 10 0 
2 Primary Primary Clarifier 6 (Plant 1A) 5 2.48 25 $1,018,000 $1,018,000 20 10 0 
3 Primary Primary Clarifier 7 (Plant 1A) 5 2.48 25 $1,018,000 $1,018,000 20 10 0 
4 Primary Primary Clarifier 8 (Plant 1A) 5 2.48 25 $1,018,000 $1,018,000 20 10 0 
5 Primary Primary Clarifier 9 (Plant 1B) 5 2.48 25 $2,121,000 $2,121,000 20 10 0 
6 Primary Primary Clarifier 10 (Plant 

1B) 
5 2.48 25 $2,121,000 $2,121,000 20 10 0 

7 Electrical Switchgear M 
(Transformer 3, Plant 2) 

5 2.25 34 $109,000 $109,000 30 15 0 

8 Electrical Switchgear W 
(Transformer 4, Plant 2) 

5 2.25 34 $66,000 $66,000 30 15 0 

9 Primary Primary MCC 1 (Plant 1A, 
Pump Station 12) 

5 1.78 18 $66,000 $66,000 20 10 0 

10 Primary Primary MCC 2 (Plant 1B, 
Pumps Station 13) 

5 1.78 18 $66,000 $66,000 20 10 0 

11 Primary Sludge Pump 5 5 1.49 15 $127,000 $127,000 20 10 0 
12 Primary Sludge Pump 6 5 1.49 15 $127,000 $127,000 20 10 0 
13 Primary Sludge Pump 7 5 1.49 15 $127,000 $127,000 20 10 0 
14 Primary Sludge Pump 8 5 1.49 15 $127,000 $127,000 20 10 0 
15 Primary Sludge Pump 9 5 1.49 15 $127,000 $127,000 20 10 0 
16 Primary Primary Clarifier Structure 

Plant 1A 
5 0.99 25 $1,745,000 $1,745,000 50 25 0 
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Table B.1 Summary of Assets with the Lowest Overall Condition Rankings(1)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

No. 

Treatment 
Process/Basin/

Zone 

Major 
Component/Subbasin/ 

Subzone Condition Risk Criticality 
Replacement 

Value 

Original 
Useful 

Life 

Evaluated 
Remaining 
Useful Life

Economic 
Remaining 
Useful Life 

Repair 
Cost(2)

17 Primary Primary Clarifier Structure 
Plant 1B 

5 0.99 25 $1,818,000 $1,818,000 50 25 0 

18 Secondary VFD for WAS 5 (Pump 
Station 6) 

5 0.93 14 $14,000 $14,000 30 15 0 

19 Secondary VFD for WAS 6 (Pump 
Station 6) 

5 0.93 14 $14,000 $14,000 30 15 0 

20 Water Recycle VFD for Recycle Pump 1 5 0.93 14 $73,000 $73,000 30 15 0 
21 Primary Pump Station 14 5 0.79 20 $198,000 $198,000 50 25 0 
22 Primary Distribution Box (Plant 1) 5 0.71 18 $147,000 $147,000 50 25 0 
23 Primary Steam Generator 2 (PS 4) 5 0.4 4 $485,000 $485,000 20 10 0 
24 Digestion Waste Gas Burner 4 2.23 31 $954,000 $250,797 20 14 4 
24 Headworks Biofilter 1 4 1.86 13 $336,000 $88,000 10 7 2 
25 Headworks Biofilter 2 4 1.86 13 $336,000 $88,000 10 7 2 
26 Electrical Transformer T1 (Plant 2) 4 1.63 34 $65,000 $17,000 30 21 6 
27 Electrical Transformer T2 (Plant 2) 4 1.63 34 $65,000 $17,000 30 21 6 
28 Electrical Transformer T3 (Plant 2) 4 1.63 34 $38,000 $10,000 30 21 6 
29 Electrical Transformer T4 (Plant 2) 4 1.63 34 $38,000 $10,000 30 21 6 
30 Primary Primary MCC 4 (S, Plant 2) 4 1.29 18 $66,000 $17,000 20 14 4 
31 Water Recycle Water Recycle Pump 6 4 1.01 14 $191,000 $50,000 20 14 4 
32 Cogeneration Air Compressor 1 (Pump 

and Air Compressor Room) 
4 0.93 13 $6,000 $1,600 20 14 4 
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Table B.1 Summary of Assets with the Lowest Overall Condition Rankings(1)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

No. 

Treatment 
Process/Basin/

Zone 

Major 
Component/Subbasin/ 

Subzone Condition Risk Criticality 
Replacement 

Value 

Original 
Useful 

Life 

Evaluated 
Remaining 
Useful Life

Economic 
Remaining 
Useful Life 

Repair 
Cost(2)

33 Water Recycle VFD for Recycle Pump 2 4 0.67 14 $73,000 $19,000 30 21 6 
34 Water Recycle VFD for Recycle Pump 5 4 0.67 14 $33,000 $9,000 30 21 6 
35 Water Recycle VFD for Recycle Pump 6 4 0.67 14 $33,000 $9,000 30 21 6 
36 Water Recycle VFD for Recycle Pump 7 4 0.67 14 $33,000 $9,000 30 21 6 
37 Secondary Scum Pump 2 (Plant 2) 4 0.65 9 $65,000 $17,000 20 14 4 
38 Digestion Pump Station 1 4 0.57 20 $233,000 $61,000 50 35 10 
39 Buildings Field Maintenance Storage 

Building 
4 0.43 15 $376,000 $99,000 50 35 10 

40 Dewatering Polymer Bulk Transfer 
Pump 1 

4 0.29 4 $18,000 $5,000 20 14 4 

41 Dewatering Polymer Bulk Transfer 
Pump 2 

4 0.29 4 $18,000 $5,000 20 14 4 

42 Buildings Headquarters for Sewer Line 
Maintenance 

4 0.17 6 $1,209,000 $318,000 50 35 10 

43 Primary Ferric Sulfate System 
(Plant 1) 

3.9 0.9 18 $49,000 $14,000 31.3 20 4 

44 Cogeneration Cooling Tower (Gas 
Treatment Area) 

3.8 0.76 13 $299,000 $73,000 22.7 17 6 

Notes: 
(1) Assets are ordered first by condition and second by risk values. 
(2) Repair costs are project costs that include a contingency, general conditions, contractor overhead, sales tax, bid market allowances, and 

engineering, legal, and construction fees. 
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Table C.1 Summary of Assets with Greatest Risk(1)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

No. 

Treatment 
Process/ 

Basin/Zone 

Major Component/ 
Subbasin/ 
Subzone Condition Risk Criticality
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Replacement 
Value 

Repair 
Cost(2)

Original 
Useful 

Life 

Evaluated 
Remaining 
Useful Life 

Economic 
Remaining 
Useful Life 

1 Disinfection Effluent Analyzers 2 2.59 37 $208,000 $- 15 14 6.8 

2 Primary Primary Clarifier 5 
(Plant 1A) 

5 2.48 25 $1,018,000 $1,018,000 20 10 0.1 

3 Primary Primary Clarifier 6 
(Plant 1A) 

5 2.48 25 $1,018,000 $1,018,000 20 10 0.1 

4 Primary Primary Clarifier 7 
(Plant 1A) 

5 2.48 25 $1,018,000 $1,018,000 20 10 0.1 

5 Primary Primary Clarifier 8 
(Plant 1A) 

5 2.48 25 $1,018,000 $1,018,000 20 10 0.1 

6 Primary Primary Clarifier 9 
(Plant 1B) 

5 2.48 25 $2,121,000 $2,121,000 20 10 0.1 

7 Primary Primary Clarifier 10 
(Plant 1B) 

5 2.48 25 $2,121,000 $2,121,000 20 10 0.1 

8 Electrical Switchgear M 
(Transformer 3, 
Plant 2) 

5 2.25 34 $109,000 $109,000 30 15 0.1 

9 Electrical Switchgear W 
(Transformer 4, 
Plant 2) 

5 2.25 34 $66,000 $66,000 30 15 0.1 

10 Digestion Waste Gas Burner 4 2.23 31 $954,000 $250,797 20 14 4 

11 Disinfection Sodium Bilsulfite 
Injector 1 (Basin 3) 

2 1.94 37 $265,000 $- 20 19 9.1 
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No. 

Treatment 
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Major Component/ 
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Subzone Condition Risk Criticality
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Replacement 
Value 

Repair 
Cost(2)

Original 
Useful 

Life 

Evaluated 
Remaining 
Useful Life 

Economic 
Remaining 
Useful Life 

12 Disinfection Sodium Bilsulfite 
Injector 2 (Basin 3) 

2 1.94 37 $265,000 $- 20 19 9.1 

13 Disinfection Sodium Hypo-
Chlorite Injector 1 
(Basin 3) 

2 1.94 37 $265,000 $- 20 19 9.1 

14 Disinfection Sodium Hypo-
Chlorite Injector 2 
(Basin 3) 

2 1.94 37 $265,000 $- 20 19 9.1 

15 Headworks Biofilter 1 4 1.86 13 $336,000 $88,000 10 7 2 

16 Headworks Biofilter 2 4 1.86 13 $336,000 $88,000 10 7 2 

17 Disinfection Sodium Bilsulfite 
Chemical Feed, 
North Unit 

1 1.85 37 $15,000 $- 20 20 10 

18 Disinfection Sodium Bilsulfite 
Chemical Feed, 
South Unit 

1 1.85 37 $15,000 $- 20 20 10 

19 Disinfection Sodium Hypo-
Chlorite Injector 3 

1 1.85 37 $265,000 $- 20 20 10 

20 Disinfection Sodium Hypo-
Chlorite Injector 4 

1 1.85 37 $265,000 $- 20 20 10 

21 Primary Primary MCC 1 
(Plant 1A, Pump 
Station 12) 

5 1.78 18 $66,000 $66,000 20 10 0 
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Treatment 
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Major Component/ 
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Replacement 
Value 

Repair 
Cost(2)

Original 
Useful 

Life 

Evaluated 
Remaining 
Useful Life 

Economic 
Remaining 
Useful Life 

22 Primary Primary MCC 2 
(Plant 1B, Pumps 
Station 13) 

5 1.78 18 $66,000 $66,000 20 10 0 

23 Electrical Transformer T1 
(Plant 2) 

4 1.63 34 $65,000 $17,000 30 21 6 

24 Electrical Transformer T2 
(Plant 2) 

4 1.63 34 $65,000 $17,000 30 21 6 

25 Electrical Transformer T3 
(Plant 2) 

4 1.63 34 $38,265 $10,059 30 21 6 

26 Electrical Transformer T4 
(Plant 2) 

4 1.63 34 $38,000 $10,000 30 21 6 

27 Headworks Headworks PLC 1 1.53 23 $26,000 $- 15 15 8 

28 Primary Sludge Pump 5 5 1.49 15 $127,000 $127,000 20 10 0 

29 Primary Sludge Pump 6 5 1.49 15 $127,000 $127,000 20 10 0 

30 Primary Sludge Pump 7 5 1.49 15 $127,000 $127,000 20 10 0 

31 Primary Sludge Pump 8 5 1.49 15 $127,000 $127,000 20 10 0 

32 Primary Sludge Pump 9 5 1.49 15 $127,000 $127,000 20 10 0 

33 Tertiary Control Panel 2 1.47 21 $26,000 $- 15 14 7 

34 Primary Primary Influent 
Meter (Plant 2) 

2 1.4 20 $26,000 $- 15 14 7 

35 Disinfection MCC at CCB 3 2 1.37 39 $66,000 $- 30 29 14 
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No. 

Treatment 
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Major Component/ 
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Replacement 
Value 

Repair 
Cost(2)

Original 
Useful 

Life 

Evaluated 
Remaining 
Useful Life 

Economic 
Remaining 
Useful Life 

36 Disinfection MCC at the 
Dechlorination Bldg

2 1.37 39 $66,000 $- 30 29 14 

37 Electrical Switchgear A 
(Plant 2) 

3 1.34 34 $109,000 $12,000 30 25 10 

38 Electrical Switchgear B 
(Plant 2) 

3 1.34 34 $109,000 $12,000 30 25 10 

39 Primary Primary MCC 4 
(S, Plant 2) 

4 1.29 18 $66,000 $17,000 20 14 4 

40 Headworks Jurupa/Rubidoux 
Metering 

2 1.26 18 $26,000 $- 15 14 7 

41 Headworks Riverside/Hillside 
Influent Metering 

2 1.26 18 $26,000 $- 15 14 7 

42 Tertiary Influent Pump 1 
(Filters 1-10) 

3 1.26 21 $612,000 $66,000 20 17 7 

43 Tertiary Influent Pump 2 
(Filters 1-10) 

3 1.26 21 $612,000 $66,000 20 17 7 

44 Tertiary Influent Pump 3 
(Filters 1-10) 

3 1.26 21 $612,000 $66,000 20 17 7 

Notes: 
(1) Assets are ordered by risk values. 
(2) Repair costs are project costs that include a contingency, general conditions, contractor overhead, sales tax, bid market allowances, and 

engineering, legal, and construction fees. 
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Criticality
Replacement 

Value 
Repair 
Cost(2)

Original 
Useful 

Life 

Evaluated 
Remaining 
Useful Life 

Economic 
Remaining 
Useful Life 

1 Headworks Biofilter 1 4 1.86 13 $336,000 $88,000 10 7 2 

2 Headworks Biofilter 2 4 1.86 13 $336,000 $88,000 10 7 2 

3 Primary Primary Clarifier 5 
(Plant 1A) 

5 2.48 25 $1,018,000 $1,018,000 20 10 0 

4 Primary Primary Clarifier 6 
(Plant 1A) 

5 2.48 25 $1,018,000 $1,018,000 20 10 0 

5 Primary Primary Clarifier 7 
(Plant 1A) 

5 2.48 25 $1,018,000 $1,018,000 20 10 0 

6 Primary Primary Clarifier 8 
(Plant 1A) 

5 2.48 25 $1,018,000 $1,018,000 20 10 0 

7 Primary Primary Clarifier 9 
(Plant 1B) 

5 2.48 25 $2,121,000 $2,121,000 20 10 0 

8 Primary Primary Clarifier 10 
(Plant 1B) 

5 2.48 25 $2,121,000 $2,121,000 20 10 0 

9 Primary Primary MCC 1 
(Plant 1A, Pump 
Station 12) 

5 1.78 18 $66,000 $66,000 20 10 0 

10 Primary Primary MCC 2 
(Plant 1B, Pumps 
Station 13) 

5 1.78 18 $66,000 $66,000 20 10 0 

11 Primary Sludge Pump 5 5 1.49 15 $127,000 $127,000 20 10 0 

12 Primary Sludge Pump 6 5 1.49 15 $127,000 $127,000 20 10 0 
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Criticality
Replacement 

Value 
Repair 
Cost(2)

Original 
Useful 

Life 

Evaluated 
Remaining 
Useful Life 

Economic 
Remaining 
Useful Life 

13 Primary Sludge Pump 7 5 1.49 15 $127,000 $127,000 20 10 0 

14 Primary Sludge Pump 8 5 1.49 15 $127,000 $127,000 20 10 0 

15 Primary Sludge Pump 9 5 1.49 15 $127,000 $127,000 20 10 0 

16 Primary Steam Generator 2 
(PS 4) 

5 0.4 4 $485,000 $485,000 20 10 0 

17 Primary Primary MCC 4 
(S, Plant 2) 

4 1.29 18 $66,000 $17,000 20 14 4 

18 Water Recycle Water Recycle 
Pump 6 

4 1.01 14 $191,000 $50,000 20 14 4 

19 Cogeneration Air Compressor 1 
(Pump and Air 
Compressor Room)

4 0.93 13 $6,000 $2,000 20 14 4 

20 Secondary Scum Pump 2 
(Plant 2) 

4 0.65 9 $65,000 $17,000 20 14 4 

21 Dewatering Polymer Bulk 
Transfer Pump 1 

4 0.29 4 $18,000 $5,000 20 14 4 

22 Dewatering Polymer Bulk 
Transfer Pump 2 

4 0.29 4 $18,000 $5,000 20 14 4 

23 Disinfection Effluent Analyzers 2 2.59 37 $208,000 $- 15 14 7 

24 Digestion Waste Gas Burner 4 2.23 31 $954,000 $250,797 20 14 4 

25 Tertiary Control Panel 2 1.47 21 $26,000 $- 15 14 7 

 



 

Table D.1 Evaluated Remaining Useful Life(1)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

No. 

Treatment 
Process/ 

Basin/Zone 

Major Component/
Subbasin/ 
Subzone Condition Risk

February 2008
 

D
-4

 
H

:\C
lient\R

iversid_S
A

O
W

\7472A
00\R

pt\Volum
e 12\C

h02.doc  

Criticality
Replacement 
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Repair 
Cost(2)

Original 
Useful 
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Remaining 
Useful Life 

Economic 
Remaining 
Useful Life 

26 Primary Primary Influent 
Meter (Plant 2) 

2 1.4 20 $26,000 $- 15 14 7 

27 Headworks Jurupa/Rubidoux 
Metering 

2 1.26 18 $26,000 $- 15 14 7 

28 Headworks Riverside/Hillside 
Influent Metering 

2 1.26 18 $26,000 $- 15 14 7 

29 Headworks Headworks PLC 1 1.53 23 $26,000 $- 15 15 8 

30 Secondary WAS Flow Meter 1 
(Plant 1, Pump 
Station 22) 

1 1.2 18 $11,000 $- 15 15 8 

31 Secondary WAS Flow Meter 2 
(Plant 2, Pump 
Station 16) 

1 1.2 18 $11,000 $- 15 15 8 

32 Cogeneration Cogen Monitoring 
System 

1 1.2 18 $132,000 $- 15 15 8 

33 Outfall/Effluent 
Disposal 

Effluent Metering 1 1.2 18 $26,000 $- 15 15 8 

34 Cogeneration Calorimeter 1 0.53 8 $2,000 $- 15 15 8 

35 Electrical Switchgear M 
(Plant 2) 

5 2.25 34 $109,000 $109,000 30 15 0 

36 Electrical Switchgear W 
(Plant 2) 

5 2.25 34 $66,000 $66,000 30 15 0 
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Cost(2)
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Economic 
Remaining 
Useful Life 

37 Secondary VFD for WAS 5 
(Pump Station 6) 

5 0.93 14 $14,000 $14,000 30 15 0 

38 Secondary VFD for WAS 6 
(Pump Station 6) 

5 0.93 14 $14,000 $14,000 30 15 0 

39 Water Recycle VFD for Recycle 
Pump 1 

5 0.93 14 $73,000 $73,000 30 15 0 

Notes: 
(1) Assets are ordered by first by Evaluated Remaining Useful Life and second by risk values. 
(2) Repair costs are project costs that include a contingency, general conditions, contractor overhead, sales tax, bid market allowances, 

and engineering, legal, and construction fees. 
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Risk Criticality
Replacement 

Value 
Repair 
Cost(2)

Original 
Useful 

Life 

Evaluated 
Remaining 
Useful Life 

Economic 
Remaining 
Useful Life 

1 Primary Primary Clarifier 5 
(Plant 1A) 

5 2.48 25 $1,018,000 $1,018,000 20 10 0 

2 Primary Primary Clarifier 6 
(Plant 1A) 

5 2.48 25 $1,018,000 $1,018,000 20 10 0 

3 Primary Primary Clarifier 7 
(Plant 1A) 

5 2.48 25 $1,018,000 $1,018,000 20 10 0 

4 Primary Primary Clarifier 8 
(Plant 1A) 

5 2.48 25 $1,018,000 $1,018,000 20 10 0 

5 Primary Primary Clarifier 9 
(Plant 1B) 

5 2.48 25 $2,121,000 $2,121,000 20 10 0 

6 Primary Primary Clarifier 10 
(Plant 1B) 

5 2.48 25 $2,121,000 $2,121,000 20 10 0 

7 Electrical Switchgear M 
(Transformer 3, 
Plant 2) 

5 2.25 34 $109,000 $109,000 30 15 0 

8 Electrical Switchgear W 
(Transformer 4, 
Plant 2) 

5 2.25 34 $66,000 $66,000 30 15 0 

9 Primary Primary MCC 1 
(Plant 1A, Pump 
Station 12) 

5 1.78 18 $66,000 $66,000 20 10 0 
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10 Primary Primary MCC 2 
(Plant 1B, Pumps 
Station 13) 

5 1.78 18 $66,000 $66,000 20 10 0 

11 Primary Sludge Pump 5 5 1.49 15 $127,000 $127,000 20 10 0 

12 Primary Sludge Pump 6 5 1.49 15 $127,000 $127,000 20 10 0 

13 Primary Sludge Pump 7 5 1.49 15 $127,000 $127,000 20 10 0 

14 Primary Sludge Pump 8 5 1.49 15 $127,000 $127,000 20 10 0 

15 Primary Sludge Pump 9 5 1.49 15 $127,000 $127,000 20 10 0 

16 Secondary VFD for WAS 5 
(Pump Station 6) 

5 0.93 14 $14,000 $14,000 30 15 0 

17 Secondary VFD for WAS 6 
(Pump Station 6) 

5 0.93 14 $14,000 $14,000 30 15 0 

18 Water Recycle VFD for Recycle 
Pump 1 

5 0.93 14 $73,000 $73,000 30 15 0 

19 Primary Steam Generator 2 
(PS 4) 

5 0.4 4 $485,000 $485,000 20 10 0 

20 Primary Primary Clarifier 
Structure Plant 1A 

5 0.99 25 $1,745,000 $1,745,000 50 25 0 

21 Primary Primary Clarifier 
Structure Plant 1B 

5 0.99 25 $1,818,000 $1,818,000 50 25 0 

22 Primary Pump Station 14 5 0.79 20 $198,000 $198,000 50 25 0 
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Risk Criticality
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Cost(2)

Original 
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Life 
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Useful Life 

Economic 
Remaining 
Useful Life 

23 Primary Distribution Box 
(Plant 1) 

5 0.71 18 $147,000 $147,000 50 25 0 

24 Headworks Biofilter 1 4 1.86 13 $336,000 $88,000 10 7 2 

25 Headworks Biofilter 2 4 1.86 13 $336,000 $88,000 10 7 2 

26 Digestion Waste Gas Burner 4 2.23 31 $954,000 $250,797 20 14 4 

27 Primary Primary MCC 4 (S, 
Plant 2) 

4 1.29 18 $66,000 $17,000 20 14 4 

28 Water Recycle Water Recycle 
Pump 6 

4 1.01 14 $191,000 $50,000 20 14 4 

29 Cogeneration Air Compressor 1 
(Pump and Air 
Compressor Room)

4 0.93 13 $6,000 $2,000 20 14 4 

30 Secondary Scum Pump 2 
(Plant 2) 

4 0.65 9 $65,000 $17,000 20 14 4 

31 Dewatering Polymer Bulk 
Transfer Pump 1 

4 0.29 4 $18,000 $5,000 20 14 4 

32 Dewatering Polymer Bulk 
Transfer Pump 2 

4 0.29 4 $18,000 $5,000 20 14 4 

33 Primary Ferric Sulfate 
System (Plant 1) 

3.9 0.9 18 $49,000 $14,000 31 20 4 

34 Cogeneration Cooling Tower (Gas 
Treatment Area) 

3.8 0.76 13 $299,000 $73,000 23 17 6 
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Risk Criticality
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35 Electrical Transformer T1 
(Plant 2) 

4 1.63 34 $65,000 $17,000 30 21 6 

36 Electrical Transformer T2 
(Plant 2) 

4 1.63 34 $65,000 $17,000 30 21 6 

37 Electrical Transformer T3 
(Plant 2) 

4 1.63 34 $38,000 $10,000 30 21 6 

38 Electrical Transformer T4 
(Plant 2) 

4 1.63 34 $38,000 $10,000 30 21 6 

39 Water Recycle VFD for Recycle 
Pump 2 

4 0.67 14 $73,000 $19,000 30 21 6 

40 Water Recycle VFD for Recycle 
Pump 5 

4 0.67 14 $33,000 $10,000 30 21 6 

41 Water Recycle VFD for Recycle 
Pump 6 

4 0.67 14 $33,000 $9,000 30 21 6 

42 Water Recycle VFD for Recycle 
Pump 7 

4 0.67 14 $33,000 $9,000 30 21 6 

Notes: 
(1) Assets are ordered by first by Economic Remaining Useful Life and second by risk values. 
(2) Repair costs are project costs that include a contingency, general conditions, contractor overhead, sales tax, bid market allowances, and 

engineering, legal, and construction fees. 
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Condition Risk Criticality
Replacement 
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Repair 
Cost(2)
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Life 
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Remaining 
Useful Life 

Economic 
Remaining 
Useful Life 

1 Primary Primary Clarifier 9 
(Plant 1B) 

5 2.48 25 $2,121,000 $2,121,000 20 10 0 

2 Primary Primary Clarifier 10 
(Plant 1B) 

5 2.48 25 $2,121,000 $2,121,000 20 10 0 

3 Primary Primary Clarifier 
Structure Plant 1B 

5 0.99 25 $1,818,000 $1,818,000 50 25 0 

4 Primary Primary Clarifier 
Structure Plant 1A 

5 0.99 25 $1,745,000 $1,745,000 50 25 0 

5 Primary Primary Clarifier 5 
(Plant 1A) 

5 2.48 25 $1,018,000 $1,018,000 20 10 0 

6 Primary Primary Clarifier 6 
(Plant 1A) 

5 2.48 25 $1,018,000 $1,018,000 20 10 0 

7 Primary Primary Clarifier 7 
(Plant 1A) 

5 2.48 25 $1,018,000 $1,018,000 20 10 0 

8 Primary Primary Clarifier 8 
(Plant 1A) 

5 2.48 25 $1,018,000 $1,018,000 20 10 0 

9 Digestion Anaerobic 
Digester 4 

2.6 0.40 16 $10,907,000 $832,000 43.1 40 18 

10 Primary Steam Generator 2 
(PS 4) 

5 0.4 4 $485,000 $485,000 20 10 0 

11 Dewatering Sludge Dewatering 
Building 

3 0.14 6 $3,637,000 $394,000 50 42 17 
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Economic 
Remaining 
Useful Life 

12 Buildings Headquarters for 
Sewer Line 
Maintenance 

4 0.17 6 $1,209,000 $318,000 50 35 10 

13 Primary Primary Clarifier 2 
(Plant 2) 

2.4 0.58 25 $2,310,000 $303,000 45 43 21 

14 Primary Primary Clarifier 4 
(Plant 2) 

2.4 0.58 25 $2,310,000 $303,000 45 43 21 

15 Buildings Van Buren Storage 3 0.14 6 $2,424,000 $263,000 50 42 17 

16 Digestion Waste Gas Burner 4 2.23 31 $954,000 $250,797 20 14 4 

17 Secondary Clarifier 2 (Plant 2) 2.1 0.58 25 $3,573,000 $236,000 44.3 43 21 

18 Secondary Clarifier 1 (Plant 2) 2.1 0.58 25 $3,573,000 $236,000 44.3 43 21 

19 Primary Pump Station 14 5 0.79 20 $198,000 $198,000 50 25 0 

20 Secondary Clarifier 3 (Plant 2) 2.2 0.59 25 $2,533,000 $185,000 43.7 42 21 

21 Aeration Blower 2 (Blower 
Bldg 2) 

3 0.59 10 $1,439,000 $156,000 20 17 7 

22 Aeration Blower 3 (Blower 
Bldg 2) 

3 0.59 10 $1,439,000 $156,000 20 17 7 

23 Aeration Blower 4 (Blower 
Bldg 2) 

3 0.59 10 $1,439,000 $156,000 20 17 7 

24 Primary Distribution Box 
(Plant 1) 

5 0.71 18 $147,000 $147,000 50 25 0 
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Condition Risk Criticality
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25 Aeration Blower Building 2 2.4 0.35 15 $3,413,000 $145,000 46.3 43 20 

26 Buildings Old Administration 
Building 

3 0.14 6 $1,284,000 $139,000 50 42 17 

27 Primary Sludge Pump 5 5 1.49 15 $127,000 $127,000 20 10 0 

28 Primary Sludge Pump 6 5 1.49 15 $127,000 $127,000 20 10 0 

29 Primary Sludge Pump 7 5 1.49 15 $127,000 $127,000 20 10 0 

30 Primary Sludge Pump 8 5 1.49 15 $127,000 $127,000 20 10 0 

31 Primary Sludge Pump 9 5 1.49 15 $127,000 $127,000 20 10 0 

32 Electrical Switchgear M 
(Transformer 3, 
Plant 2) 

5 2.25 34 $109,000 $109,000 30 15 0 

33 Buildings Maintenance 
Building 

3 0.35 15 $973,000 $105,000 50 42 17 

34 Buildings Field Maintenance 
Storage Building 

4 0.43 15 $376,000 $99,000 50 35 10 

35 Headworks Biofilter 1 4 1.86 13 $336,000 $88,000 10 7 2 

36 Headworks Biofilter 2 4 1.86 13 $336,000 $88,000 10 7 2 

37 Disinfection Chlorine Contact 
Basin 1 

2.3 0.57 26 $1,526,000 $77,000 48.2 45 21 

38 Cogeneration Cooling Tower (Gas 
Treatment Area) 

3.8 0.76 13 $299,000 $73,000 22.7 17 6 
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Condition Risk Criticality
Replacement 

Value 
Repair 
Cost(2)

Original 
Useful 

Life 

Evaluated 
Remaining 
Useful Life 

Economic 
Remaining 
Useful Life 

39 Water 
Recycle 

VFD for Recycle 
Pump 1 

5 0.93 14 $73,000 $73,000 30 15 0 

40 Thickening DAF Thickener 1 2.1 0.42 16 $1,575,000 $68,000 39.2 38 19 

41 Tertiary Influent Pump 1 
(Filters 1-10) 

3 1.26 16 $612,000 $66,000 20 17 7 

42 Tertiary Influent Pump 2 
(Filters 1-10) 

3 1.26 16 $612,000 $66,000 20 17 7 

43 Tertiary Influent Pump 3 
(Filters 1-10) 

3 1.26 16 $612,000 $66,000 20 17 7 

44 Primary Primary MCC 1 
(Plant 1A, Pump 
Station 12) 

5 1.78 18 $66,000 $66,000 20 10 0 

45 Primary Primary MCC 2 
(Plant 1B, Pumps 
Station 13) 

5 1.78 18 $66,000 $66,000 20 10 0 

46 Electrical Switchgear W 
(Transformer 4, 
Plant 2) 

5 2.25 34 $66,000 $66,000 30 15 0 

47 Digestion Pump Station 1 4 0.57 20 $233,000 $61,000 50 35 10 

48 Equalization Junction Box 9 2.3 0.41 18 $494,000 $56,000 46 44 22 
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Condition Risk Criticality
Replacement 

Value 
Repair 
Cost(2)
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Life 

Evaluated 
Remaining 
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Economic 
Remaining 
Useful Life 

49 Primary Steam Generator 1 
(Plant 1) 

3 0.24 4 $485,000 $53,000 20 17 7 

50 Water 
Recycle 

Water Recycle 
Pump 6 

4 1.01 14 $191,000 $50,000 20 14 4 

Notes: 
(1) Assets are ordered by first by repair costs and second by risk values. 
(2) Repair costs are project costs that include a contingency, general conditions, contractor overhead, sales tax, bid market allowances, 

and engineering, legal, and construction fees. 
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