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Carlsbad Fish and Wildlife Office

6010 Hidden Valley Road Suite 101 VMS O t4e44614
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In Reply Refer To C5104044
FWSSB 10B0630 10TA0875

I

State Water Resources Control Board

Division of Water Rights 1
P O Box 2000 U AUG 6 2010

Sacramento California 958122000
n

Attention Ms Kathleen Groody

Subject Protest of Revised Wastewater Change Petition WW0059 City of San Bernardino
Municipal Water Department City of San Bernardino San Bernardino County
California

Dear Ms Groody

TheUS Fish and Wildlife Service provides this letter in protest of the above referenced petition
which addresses Change of Place of Use Change of Purpose ofUse and Reduction in Discharge
Quantity by the City of San Bernardino Municipal Water Department SBMWD The SBMWD
currently discharges wastewater into the Santa Ana River from 2 separate facilities 1 the San
Bernardino Water Reclamation Plant SBWRP which discharges secondary wastewater and 2
the Rapid Infiltration and Extraction RIX facility which discharges tertiary wastewater and is
located downstream from the SBWRP The SBMWD proposes to reuse recycled water within its
service area and to market surplus recycled water to water agencies outside of this service area

We offer the following information in keeping with our responsibilities under the Endangered
Species Act of 1973 Act as amended 16USC 1531 et seq and in keeping with our
agencysmission to work with others to conserve protect and enhance fish wildlife and plants
and their habitats for the continuing benefit of the American people

We base our protest on our review of the Revised Notice of Wastewater Change Petition
WW0059 Revised Petition Environmental Information for Petitions and Attachment A March
2010 and Petition for Change documents April 2010 We previously reviewed the RIX
Facility Recycled Water Sales Program Program Environmental Impact Report Vol 1 and
Technical Appendices Vol 2 March 2003 and the Final RIX Facility Recycled Water Sales
Program Program Environmental Impact Report January 2005 We have enclosed the 2003
joint letterresponse from our agency and the California Department of Fish and Game regarding
the Program Environmental Impact Report for your reference

TAKE PR1D
1 NAM ERICA
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It is our understanding that SBMWD proposes the following changes to its existing recycled
water program 1 to convey secondary wastewater to various groundwater basins within its
service area to allow for 290 acres of groundwater recharge 2 to sidestream secondary
wastewater for irrigation uses within its service area and 3 to tertiarytreat remaining secondary
wastewater at the RIX facility for both discharge into the Santa Ana River and conveyance to the
Inland Empire Utility Agency service area The Revised Petition states that the proposed project
would result in a change in place of use and purpose of use of up to 31500 acrefeet acft of
water annually or 28 million gallons per day mgd of the SBMWDscurrent maximum
discharge limit of44822 acft annually or 40 mgd If read correctly this implies that a
maximum of only 13322 acft of treated wastewater would be available for discharge annually
However there is insufficient detail in the documents for us to fully understand potential changes
to actual discharge regimes eg a comparison of actual discharges and proposed maximum
discharge would be helpful and the proportion of secondary wastewater that would be used for
irrigation and the proportion of tertiary wastewater that would be either discharged into the Santa
Ana River or sold outside of the SBMWD service area were unspecified

The federally threatened Santa Ana sucker Catostomus santaanae SAS and least Bellsvireo

Vireo belliipusillus LBV both occur in the vicinity of the RIX facility Habitat for both of
these species is maintained by discharge from the RIX facility outside of the rainy season
During the rainy season the SBMWD discharges secondary effluent from the SBWRP facility
rather than discharging tertiary effluent from the RIX facility The SAS in particular is
dependent upon discharges from the RIX facility to maintain suitable habitat for spawning and
foraging California Regional Water Quality Control Board 1995 Chadwick Associates Inc

1992 Hence we are particularly concerned about the potential adverse impacts to these listed
species Critical habitat for the SAS was proposed by our agency on December 9 2009 74 FR
6505665087 and encompasses the reach of the Santa Ana River into which both facilities
discharge Critical habitat for the SAS is anticipated to become final in December of this year If
there is any Federal involvement in the proposed action impacts to critical habitat as well as to
federally listed species should also be considered pursuant to 7 the Act

In the April 2010 Environmental Information for Petitions the SBMWD states that the proposed
actions would not adversely impact fish wildlife or riparian habitat item 10 however we
could find no supporting information and note that the SBMWD states that a new environmental
document would be prepared to evaluate the details of this specific project item 4 If this
document has already been prepared we were unable to locate it If it has not already been done
we strongly recommend that a thorough environmental review of the proposed action be
provided for public comment prior to any action being taken on this Petition The previously
circulated Program Environmental Impact Reports are outdated the proposed action differs from
the previouslyevaluated project proposal and the reduction in wastewater discharge requested in
the Revised Petition greatly exceeds that evaluated in the Program Environmental Impact
Reports
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The proposed action would also involve the conveyance of wastewater to other offsite facilities
However no information was provided regarding the methods of conveyance eguse of
existing facilities construction of new or upgraded pipelines pump stations Hence we
recommend that further evaluation of this project include details regarding the conveyance of
wastewater within and outside of the SBMWDsservice area and potential impacts to federally
listed species andor critical habitats if any of this aspect of the proposed program

We appreciate the opportunity to respond to the Revised Petition If you should have any
comments or questions regarding this information contact Nancy Ferguson of this office at 760
431 9440 extension 244

Sincerely

fr 4tiZ cf

aKennon Corey
Assistant Fie upervisor

Encl 1

Literature Referenced

California Regional Water Quality Control Board Santa Ana Region 1995 Water Quality
Control Plan Santa Ana River Basin 8

Chadwick Associates Inc 1992 Santa Ana River Use Attainability Analysis Volume 2
Aquatic Biology Habitat and Toxicity Analysis Prepared for the Santa Ana Watershed
Project Authority Riverside California pp 111

cc

Stacey Aldstadt San Bernardino Municipal Water Department San Bernardino California
M ark Adelson Regional Water Quality Control Board Santa Ana Region Riverside California
Jeff Brandt California Department ofFish and Game Ontario California
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In Reply Refer To
FWSSB30613 APR 2 9 2003

Stacey Aldstadt Deputy General Manager
City of San Bernardino Municipal Water Department
300 North D Street

San Bernardino California 92418

Re Comments on the Program Environmental Impact Report for the Regional Rapid
Infiltration and Extraction Facility Recycled Water Sales Program SCH 99101088

Dear Ms Alstadt

The US Fish and Wildlife Service Service and the California Department of Fish and Game
Department hereafter collectively referred to as the Wildlife Agencies offer the following
comments and recommendations regarding project associated biological impacts based on our
review of the Programmatic Environmental Impact Report PEIR for the Regional Rapid
Infiltration and Extraction RIX Facility Recycled Water Sales Program Program The PEIR
proposes to divert up to 252cubic feet per second cfs 1627 million gallons per day mgd or
18000 acre feet per year afy of the RIX facilityscurrent discharge to potential users in San
Bernardino Riverside and Orange Counties The proposed diversion is equivalent to
approximately 40 percent of maximum discharge 62 cfs of the RIX facility and approximately
33 to 46 percent of the current discharge 55 to 76 cfs Your agency states that the Program will
ensure that the RIX Facility continues to discharge 40 cfs 258mgd or discharge a volume
equivalent to the volume produced prior to the establishment of RIX Facility operations during
spawning period

The primary concern and mandate of the Service is the protection of public fish and wildlife
resources and their habitats The Service has legal responsibility for the welfare of migratory
birds anadromous fish and endangered animals and plants occurring in the United States The
Service is also responsible for administering the Endangered Species Act of 1973 as amended
16USC 1531 et seq

The Department is responding as a Trustee Agency pursuant to the California Environmental
Quality Act CEQA Guidelines Section 15386 and as a Responsible Agency regarding any
discretionary actions pursuant to CEQA Guidelines Section 15381 The Department as a Trustee
Agency has jurisdiction by law over natural resources affected by a project which are held in trust
for the people of the State of California The Department as a Responsible Agency is required
to actively participate in the CEQA process and review and use the Lead Agencys CEQA
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documents when taking any discretionary action CEQA Guidelines Sec 15096 such as the
issuance of a Streambed Alteration Agreement or a California Endangered Species Act CESA
Incidental Take Permit

We are concerned that the reduced discharge of effluent and construction activities that may
result from the proposed Program may affect the federally endangered Delhi Sands flower loving
fly Rhaphiomidas terminatus abdominalis DSF and the San Bernardino kangaroo rat
Dipodomys merriami parvus SBKR the federally threatened Santa Ana sucker Catostomus
santaanae sucker and coastal California gnatcatcher Polioptila californica californica
gnatcatcher the federally and State endangered southwestern willow flycatcher Empidonax
traillii extimus flycatcher the federally and State threatened least Bellsvireo Vireo bellii
pusillus vireo and the State endangered western yellowbilled cuckoo Coccyzus americanus
occidentalis cuckoo The Department is also concerned that the proposed Program will also
impact aquatic and sensitive riparian species Many sensitive species that are listed by the
Department as Species of Special Concern are known to occur within the Santa Ana River and
may be affected by the project including the Santa Ana sucker Santa Ana speckled dace
Rhinichthys osculus arroyo chub Gila orcutti western spadefoot toad Scaphiopus
hammondii southwestern pond turtle Clemmys marmorata pallida Beldingssavannah
sparrow Passerculus sandwichensis beldingi tricolored blackbird Agelaius tricolor
yellow breasted chat Icteria virens whitefaced ibis Plegadis chihi white tailed kite Elanus
leucurus Swainsonshawk Buteo swainsoni and ferruginous hawk Buteo regalis

The Wildlife Agencies are concerned that neither of the options for discharge underr the proposed
Program will provide sufficient habitat to maintain current populations of the sucker The Santa
Ana River supports habitat for the sucker for approximately 34 miles For approximately seven to
ten of these miles 80 percent of the water is supplied by discharges from the RIX Facility
Reviewing data from Chadwick Ecological Consultants provided in the PEIR it appears that
suckers were rarely observed before 1998 between the RIX outlet and the Metropolitan Water
District MWD pipeline in the Santa Ana River Sites labeled SAR3 SAR4 and SAR5 Since
the RIX Facility began discharging in 1996 habitat in this stretch of the Santa Ana River has
improved and currently supports a significant population of the sucker We are concerned that a
40 percent reduction in this discharge could eliminate andor degrade significant portions of
sucker habitat As stated in the PEIR data do not exist to determine whether the proposed
discharge flow of 40 cfs would be sufficient to maintain the sucker in this stretch of the Santa Ana
River In fact the survey data for the sucker indicate that water quality andor discharge quantity
which ranged from 37 to 49 cfs prior to the establishment of the RIX Facility were insufficient to
support sucker populations between the RIX Facility and the downstream MWD pipeline
Maintenance of flow in this area is particularly important because the RIX Facility provides a
majority of the flow during the non rainfall season Therefore we recommend that you address
the quality and quantity of discharge required to maintain existing habitat for the sucker in a
revised PEIR or similar document

In addition comparison of 1990 and 2002 aerial photographs indicated that the stream has
increased significantly in length during this time because of the development of meanders and
braided conditions Therefore we recommend that you determine if possible the minimum flow
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volume required to support the sucker within the Santa Ana River between the RIX Facility outlet
and the MWD pipeline in a braided river configuration rather than as a straight streambed We
also suggest that you consider potential effects to sucker that may result from decreased water
flow such increased parasitic infection effects from increased water temperature such as
subsequent metabolic and behavioral changes changes in water quality and changes in predator
and prey abundance and behavior and develop measures to offset these potential impacts

The PEIR states that your agency will ensure that the RIX Facility continue to discharge 40 cfs
during the spawning period We note that the spawning period for the sucker appears to be
variable and spawning has been detected as late as July in recent years in the Santa Ana River
Therefore any measures designed to protect the spawning period of the sucker should be focused
between March 1 and July 30 In addition the nursery period is especially important to fish as it
is often the period when they are most susceptible to injury starvation and death Therefore it is
important to not only address the spawning period to enable reproductive success it is also
important to address the nursery period that occurs from March 15 through October 30 to enable
recruitment success

We are also concemed that the reduction in flow from the RIX Facility may have an adverse effect
on the riparian habitat that currently exists within the Santa Ana River upon which several
previously listed federally andor State listed and sensitive species are dependent We recommend
that you provide further clarification as to how discharge from the City of Riverside City of
Corona and the Inland Empire Utilities Agency would be sufficient to support6245 acres of
riparian habitat downstream of the Riverside Narrows as stated on Page 473 This clarification
should provide the assumptions and method of calculation for the analysis for the water
consumption needs of riparian vegetation including 1 the amount of water that percolates into
the underlying aquifer 2 the depth and volume of the underlying aquifer 3 the amount of water
that is being used by existing vegetation and 4 the amount of water that is removed due to
evaporation In addition we recommend that you provide a rationale for the water consumption
values used for this analysis ie what is the basis for the 5 percent downward adjustment

We would also like a similar clarification of the assumptions and calculations used to indicate that
the riparian habitat that exists between the RIX Facility and the MWD pipeline would be
sustained on the proposed reduced discharges Vireos have been detected in the vicinity of the
MWD pipeline Although flood control activity likely limits the growth of riparian habitat in
some areas the Martha Mclean Anza Narrows Park immediately upstream of the MWD pipeline
supports more than 400 acres of riparian habitat that may be suitable for vireo

We suggest that you incorporate an adaptive management strategy and longterm monitoring
program for the area of the Santa Ana River between the RIX Facility and the MWD pipeline that
would include periodic assessments of the amount of riparian habitat depth of the underlying
aquifer depth of root systems for young and mature vegetation within the River and vegetation
surveys We also encourage you to work with other water use agencies within the Santa Ana
River watershed to implement a similar program downstream of the MWD pipeline
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We also request that an analysis ofeffects to federally and State listed species that exist within the
Santa Ana River floodplain be conducted prior to approval ofspecific Programrelated projects
that Include ground dishing activities These species include the gnateatcher DSF vireo
SBKR flycatcher and cuckoo Each ofthese species occupy habitats that are adjacent to or
within the Santa Ana River and may be affected by projects proposed within or adjacent to their
habitats

The Department is concerned that the cw nulativo effects analysis was not adequate On page 315
under Related Projects the PEIR refers to an application submitted by the Orange County Water
District to the State Water Resources Coutrol Board to obtain water rights to the flows ofall
water reaching Prado Basin The Department recommends referencing the four pending
applications forwater rights within the Santa AnaWatershed submitted to the State Water
Resources Control Board by the Chino BastinWes San Batumimo Municipala
District and Western Municipal Water District San Bernardino Valley Water Conservation
District and the city ofRiverside The Department recommends the revised PBIR discuss
potential cumulative impacts to biological resources that may result from the reduction ofwater by
all reasonably foreseeable actions in the Santa Ana River including the current water right
applications The Department believes a significant reduction inwater in the Santa Ana River will
likely have a devastating effect upon existing populations of sensitive fish species

The Wildfire Agencies are also concerned that the cumulative effect ofadditional water
withdrawals will substantially decrease habitat that supports the sucker vireo and flycatcher The
Wildlife Agencies recommend that any proposed projects that will be using a portion ofthe RIX
Facility water currently being discharged be considered in the cumulative effects analysis be
included in a revised PHIL

We encourage your agency to work with other water use agencies within the Santa Ana River
watershed to assist in maintaining and restoring habitat for federally and State listed and sensitive
species We look forward to continuing our work with your agency and are available to assist you
in addressing project effects to federally and State listed and sensitivespecies and their habitats If
you have any questions or comments regarding this letter please contact Lucy Caskey Service at
760 4319440 extension 249 or Leslie MacNair Department at 949 4581754

Sincerely

1
Karen Goebel Leslie MacNair
Assistant Field Supervisor StaffEnvironmental Scientist
U S FisbandWildlife Service Habitat Conservation Planning Region 6

California Department offish and Game

cc Regional Water Quality Control Board Santa Ana Region
State Clearinghouse Sacramento
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EXECUTIVE SUMMARY 
 
The City of San Bernardino Municipal Water Department (SBMWD) is evaluating the feasibility 
of the Clean Water Factory (CWF) Project. This Summary Report (Report) provides the basis for 
overall evaluation of the CWF recycled/advanced water conveyance system engineering 
analysis including conveyance facility requirements and potential recycled water customers.  
The data herein will be used in the development of the CWF Project Environmental Impact 
Report (EIR)/Environmental Impact Statement (EIS). 
 
This summary gives a brief overview of the information presented in the Report. 
 

 Background Information (Section 1).  This section describes the findings and 
conclusions of a Recycled Water Planning Investigation Report (Recycled Water Report) 
prepared for SBMWD in 2010 and the applicability to the currently defined CWF Project.  
Also provided are brief descriptions of the Bunker Hill Groundwater Basin, a discussion 
of the on-going environmental documentation, definition of conveyance system 
terminology, and a list of abbreviations and acronyms used in this Report.  
 

 Existing Facilities (Section 2).  This section describes the major existing facilities within 
the area impacted by the proposed CWF Project: the San Bernardino Water Reclamation 
Plant (SBWRP), the Rapid Injection and Extraction Facility (RIX), and the Waterman 
Basins/East Twin Creek Spreading Grounds collectively known as the Recharge Basins. 
 

 Proposed Facilities (Section 3).  Six Conveyance Scenarios were developed to analyze 
possible configurations of conveyance facilities for the CWF Project.  This section gives a 
brief description of each scenario, including pipelines, pump stations, storage reservoirs, 
and associated facilities required.  A schematic is developed for each scenario. 
 

 Potential Direct Use Customers and Recycled Water Demands (Section 4).  The 
Recycled Water Report identified 19 potential irrigation customers.  This section 
expands the list of potential direct use customers to 60 and calculates estimated recycled 
water demands.  Water demand factors are presented for each land use category:  golf 
courses, parks, schools, nursery, cemeteries, public use, and Caltrans.  Maps are 
developed indicating potential recycled water customers in proximity to potential CWF 
Project facilities. 
 

 Preliminary Facility Sizing (Section 5).  This section presents preliminary sizing for 
recycled water and advanced treated water facilities including transmission pipelines, 
pump stations, and storage reservoirs.  General criteria are described, followed by 
criteria for the six Conveyance Scenarios developed in Section 3. 
 

 Preliminary Hydraulic Analysis (Section 6).  This section presents a hydraulic analysis 
conducted to evaluate pressures, total head loss, and pumping requirements for the 
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various alignment options for the six Conveyance Scenarios.  Hydraulic profiles are 
presented using the criteria described in Section 5. 
 

 Facility Requirements (Section 7).  To assist the SBMWD in determining facility space 
and land acquisition requirements, this section develops typical site layouts for a 
reservoir site, a pump station site, and a site which combines both facilities. 
 

 Pipeline Alignment Analysis (Section 8).  This section presents a Conveyance Facility 
Corridor that provides a relatively direct route from the SBWRP to the Recharge Basins.  
Four preferred Alignment Options are developed using criteria described in Section 5.  
Evaluation criteria are developed and each alignment option is rated and ranked.  Cost 
estimates for the four Alignment Options are also presented.  
 

 Pump Station/Storage Reservoir Analysis (Section 9).  This section presents an analysis 
to evaluate seven potential Pump Station/Storage Reservoir Sites within the Conveyance 
Facility Corridor.  Typical site requirements are identified and layouts are presented for 
each potential site.  Facility power requirements are determined and connections to 
existing power lines are identified.  Results are presented from an evaluation of the 
preferred Pump Station/Storage Reservoir Sites considering evaluation factors and 
rating and ranking each site.  Cost estimates for the seven Pump Station/Storage 
Reservoir Site options are also presented. 
 

 Conveyance System Scenarios (Section 10). The overall analysis of six potential 
Conveyance Scenarios with various configurations of pipelines and Pump 
Station/Storage Reservoir Sites within a Conveyance Facility Corridor between the 
SBWRP and the Recharge Basins is presented.  Results are presented from an evaluation 
of the Conveyance Scenarios considering evaluation factors and rating and ranking each 
scenario.  Cost estimates for the six Conveyance Scenarios are presented including cost 
per acre-foot. 
 

 Conclusion (Section 11).   Conclusions are presented for the comprehensive feasibility-
level analysis of conveyance facilities associated with the CWF Project that will be used 
in the development of the project’s EIR/EIS.   
 

 Appendix A through F.  Supporting information is presented on Potential Direct Use 
Areas, Conveyance Scenario Pipeline Lengths, Preliminary Hydraulic Analysis, Pump 
Station and Storage Reservoir Information, Cost Estimates, Distribution Pipelines, and 
Pipeline Separation Standards. 
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1.0 BACKGROUND INFORMATION 
 
This section summarizes the findings and conclusions of the 2010 Recycled Water Report and 
the applicability to the currently defined CWF Project.  This section also describes the location 
and water quality objectives of the Bunker Hill Groundwater Basin (Bunker Hill Basin), 
discusses environmental documentation, defines conveyance system terminology, and lists 
abbreviations and acronyms used herein.      
 
1.1 PLANNING INVESTIGATION REPORT (WILDERMUTH) 
 
In November 2010, a Recycled Water Planning Investigation Report (Recycled Water Report) 
was prepared by Wildermuth Environmental, Inc. (Wildermuth) for the SBMWD.  This 
document was prepared to determine the feasibility of using recycled and advanced treated 
water to augment SBMWD’s water supply.  The overall location of the CWF and related 
facilities developed in the Recycled Water Report are shown on Figure 1-1 and the San 
Bernardino Basin Area is shown on Figure 1-2.      
 

The SBMWD’s water supply is entirely from the Bunker Hill Basin.  Water availability has been 
affected by the extended drought in California, water supply constraints from State Water 
Project (SWP) facilities that are used by the San Bernardino Valley Municipal Water District 
(Valley District) to recharge the Bunker Hill Basin, and groundwater supply use.  The SBMWD 
is required to reduce per capita water demands to be in compliance with Senate Bill SBX-7 (10 
percent reduction in per capita water demands by 2015 and 20 percent by 2020).  The SBMWD is 
developing solutions to meet its future water needs, including using recycled water for delivery 
to recycled water customers and recharging the Bunker Hill Basin with recycled and/or 
advanced treated water.    
 

Addition of tertiary and advanced treatment processes at the SBMWD’s existing San Bernardino 
Water Reclamation Plant (SBWRP) was evaluated to provide additional recycled water and/or 
advanced treated water.1  The SBWRP currently treats 22 million gallons per day (mgd) to 
secondary treatment standards, which are conveyed via a pipeline to the Rapid Infiltration and 
Extraction (RIX) Facility for tertiary treatment and discharge to the Santa Ana River.  The 
SBWRP has a rated capacity of 33 mgd with projected treatment demands of up to 35 mgd by 
the year 2030 requiring some expansion.  Secondary treated water at the SBWRP could be 
treated to the tertiary level using conventional filtration and disinfection processes, including 
chlorination or ultraviolet (UV), and then delivered to potential recycled water customers for 

                                                   
1 The terms recycled water and advanced treated water are used in this Summary Report.  Recycled or tertiary treated 
water refers to water treated to Title 22 standards for use in non-potable application such as irrigation and industrial 
uses,  Recycled or tertiary water is also known as disinfected secondary-2.2 recycled water or Non-Potable Reuse 
(NPR) water or direct use water.  Advanced treated water refers to water treated using advanced treatment processes 
including MBR, MF, UF, NF, RO, AOP, and/or other treatment technology to produce nearly pure water meeting 
California Department of Public Health standards.  Advanced water is also known as Indirect Potable Reuse (IPR) 
water that utilizes a natural environmental barrier (i.e. groundwater basin) prior to use as a drinking water source. 
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irrigation and uses at the SBWRP.  Advanced treatment processes could include various 
combinations of methods, including Membrane Bioreactor (MBR), Micro 
Filtration/Ultrafiltration (MF/UF), Nano Filtration (NF), Reverse Osmosis (RO), and Advanced 
Oxidation Process (AOP).  The treated water could then be delivered to recycled water 
customers and/or for groundwater recharge.  Groundwater recharge is proposed at the existing 
Recharge Basins, which are owned and operated by the San Bernardino County Flood Control 
District (SBCFCD).   
 

The Recycled Water Report indicated that previous studies have shown that recycled water 
distribution throughout the SBMWD’s service area is not economically feasible.  However, 
recycled water service could be delivered economically near the SBWRP and along a defined 
pipeline corridor to nearby potential recycled water customers.  The SBMWD had already 
identified recycled water customers with up to 800 acre-feet per year (0.71 mgd) Average Day 
Demand (ADD) near the SBWRP and planned to provide recycled water service as part of their 
Master Plan.  The Recycled Water Report identified up to 2.1 mgd (ADD) near the SBWRP and 
up to 0.7 mgd (ADD) of recycled water demand along a defined pipeline corridor.  An 
additional 1.3 mgd (ADD) of recycled water demand along the defined pipeline corridor was 
defined as part of this engineering study (total of 2.0 mgd to northern customers).      
 

Advanced treated water could be utilized to deliver water to recycled water customers and/or 
for groundwater recharge.  The Recycled Water Report identified up to 18.2 mgd of advanced 
water treatment at the SBWRP with 14.2 mgd of product water (considering 92 percent recovery 
through MF and 85 percent recovery through RO) for groundwater recharge at the existing 
Recharge Basins.  The capacity is limited by production of concentrated brine from the 
advanced water treatment process (RO or NF) at approximately 15 percent (or 2.5 mgd) which 
is conveyed by the Inland Empire Brine Line (IEBL) connection at the SBWRP.  The SBMWD has 
a contractual discharge capacity of 2.5 mgd in the IEBL.  Improved recovery of product water 
by different treatment processes could reduce the concentrated brine and/or increase product 
water available for recharge. 
 

Current California Department of Public Health (CDPH) draft Groundwater Replenishment 
Reuse regulations (November 21, 2011) allow surface application of advanced treated water for 
groundwater replenishment without defined dilution.  Prior draft regulations required 50 
percent advanced treated water to 50 percent dilution water, but operating facilities have 
increased up to 75 percent advanced treated water or higher.  These new regulations allow for 
the potential ultimate groundwater recharge of 14.2 mgd of advanced treated water at the 
existing Recharge Basins without dilution. 
 

Current CDPH draft Groundwater Replenishment Reuse regulations (November 21, 2011) also 
allow surface application of tertiary treated water for groundwater replenishment with 
substantial dilution (20 percent tertiary to 80 percent dilution water), which increase the 
potential tertiary water use by up to 5 mgd for recharge at the existing Recharge Basins. A 
summary of the key parameters is provided in Table 1-1. 
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Table 1-1 

Key Parameters 
 

Facility Description Criteria 

SBWRP Existing Rated Capacity 33 mgd 

 
Current Treatment Secondary 

 Current Operation 22 mgd 

IEBL Existing Contractual Discharge 
Capacity (SBMWD) 

2.5 mgd 

RIX Existing Rated Capacity 40 mgd 

 Current Treatment Tertiary 

 Current Operation 36 mgd 

Recycled 
Customers Northern (ADD) 2.0 mgd 

 At SBWRP and Southern (ADD) 2.1 mgd 

Advanced 
Treatment* Secondary Effluent 18.2 mgd 

 Microfiltration (92% recovery) 16.7 mgd 

 Reverse Osmosis (85% recovery) 14.2 mgd 

 Brine Waste (to IEBL) 2.5 mgd 

 Advanced Treated Water 14.2 mgd 

Recharge Recycled Water/Diluent Water 20%/80% 

 Advanced Water/Diluent Water 
Per CDPH 

Prior Standard 50%/50% 
Potential 100%/0% 

* Criteria for MF/RO/AOP Advanced Treatment. Other treatment scenarios are being 
evaluated. 

 
1.2 BUNKER HILL GROUNDWATER BASIN 

 
The Bunker Hill Basin is comprised of the Bunker Hill-A and Bunker Hill-B Management Zones 
as defined by the Regional Water Quality Control Board (RWQCB).  Figure 1-3 shows the 
location and water quality objectives of the basins in proximity to the CWF Project as developed 
by the Recycled Water Report. Water quality objectives set by the Santa Ana RWQCB are listed 
below:  
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 Bunker Hill-A Management Zone – location of recycled water northern customers.  
Basin objectives for total dissolved solids (TDS) = 310 milligrams per liter (mg/L); Nitrate 
= 2.7 mg/L (basin has no assimilative capacity, existing TDS = 330 mg/L; Nitrate = 4.0 
mg/L). 

 
 Bunker Hill-B Management Zone – location of recycled water customers near SBWRP.  

Basin objectives for TDS = 330 mg/L; Nitrate = 7.3 mg/L (basin has assimilative capacity, 
existing TDS = 280 mg/L; Nitrate = 5.4 mg/L).  

 
The CWF Project proposes tertiary and/or advanced treated water delivery to recycled water 
customers and groundwater recharge.  The water quality objectives of the Bunker Hill-A 
Management Zone could limit the overall recycled water/advanced treated water use.  An 
evaluation was included in the Recycled Water Report that demonstrated water quality 
objectives would be met with the flow rates proposed in the Recycled Water Report.  The basin 
objectives were re-evaluated with the proposed flow rates presented in this Summary Report 
based on the new draft CDPH regulations.  The addition of 2 mgd of recycled water for direct 
use customers and 5 mgd of recycled water for groundwater recharge combined with advanced 
treated water and State Project Water (SPW) dilution met the water quality objectives 
(Combined water TDS = 233 mg/L; Nitrate = 2.45).  Storm water was not considered for dilution 
to meet the basin objectives since it is not new water.  The dilution water low TDS and nitrate 
blends with the recycled water with higher TDS and nitrate to meet the basin objectives. 
 
The water quality objectives of the Bunker Hill-B Management Zone using 2.1 mgd (ADD) are 
expected to be met considering the assimilative capacity of the basin.  The assimilative capacity 
is the ability of the basin to receive groundwater recharge with water constituent (TDS and 
nitrate) amounts greater than the specified basin objective because the current constituent 
amounts in the basin are currently below the basin objectives.  For the Bunker Hill-B 
Management Zone, it is expected that with the addition of the 2.1 mgd for direct use customers, 
the basin objectives will still be met.  The Santa Ana River RWQCB may permit groundwater 
recharge at concentrations higher than the basin objectives if assimilative capacity exists.  
 
1.3 ENVIRONMENTAL IMPACT REPORT/ENVIRONMENTAL IMPACT 

STUDY 
 
RBF Consulting (RBF) is preparing an environmental document for the CWF Project.  The 
document addresses potential environmental impacts represented by the project in accordance 
with Federal and State law.  RBF’s approach to the document is to combine the expertise of 
planning disciplines with engineering review to establish the best viable alternatives and to 
eliminate elements of the project that are technically infeasible.  The approach also uses prior 
studies and technical reports as much as practicable to present a comprehensive, cost effective 
analysis. 
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Because a Federal nexus has been identified, RBF is preparing a combined National 
Environmental Policy Act (NEPA)/California Environmental Quality Act (CEQA) document for 
the CWF Project.  The combined EIR/EIS will address potential impacts that may result from 
implementation of the CWF Project.  Critical elements include analysis pertaining to redirection 
of some, or all, of the current discharge to the Santa Ana River, new conveyance and treatment 
systems, and the effects represented by adding substantial amounts of recycled water and 
advanced treated water to the upper groundwater basins.  All reasonable alternatives to the 
project will be analyzed pursuant to NEPA requirements. 
 
The environmental document is expected to be completed in the summer of 2013.  
 
To provide sufficient detail on the required conveyance system for the CWF Project EIR/EIS, 
RBF in association with Black & Veatch is preparing supplemental information on the 
Conveyance System.  This Report identifies conveyance system facility requirements and 
potential recycled water customers. 
 
1.4 CONVEYANCE SYSTEM TERMINOLOGY 
 
Certain terminology, defined below, is used throughout this Report.  These terms were selected 
to facilitate the presentation of the project description. 
 
Conveyance System – The portion of the CWF Project that includes the facilities required to 
transport treated water from the SBWRP to the Recharge Basins.   
 
Conveyance Facility – An individual facility, such as a pump station, transmission pipeline or 
storage reservoir.  The Conveyance Facilities, in aggregate, make up the Conveyance System. 
 
Conveyance Facility Corridor – A general term used to describe the study area between the 
SBWRP and the Recharge Basins in which conveyance facilities will potentially be located. 
 
Conveyance Scenarios – Several configurations (referred to as scenarios) are possible for the 
Conveyance System.   These depend on the use of single or dual transmission pipelines, single-
lift or two-lift pumping, or the remote location for the advanced water treatment facilities.  Six 
Conveyance Scenarios are identified and analyzed in this Report. 
 
Alignment Options – Within the Conveyance Facility Corridor, there are numerous potential 
alignments in which to locate transmission pipelines.  Four specific Alignment Options are 
presented in this Report.  Conveyance Scenarios and Alignment Options are independent of 
each other, i.e., any of the four Alignment Options can be applied to any of the six Conveyance 
Scenarios. 
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Site Options – Within the Conveyance Facility Corridor, there are numerous potential locations 
for siting intermediate pump stations and storage facilities.  Similar to Alignment Options, 
specific Site Options can be applied to different Conveyance Scenarios. 
 
1.5 ABBREVIATIONS AND ACRONYMS 
 
The following abbreviations and acronyms are used in this Report. 
 
AACEI   Association for the Advancement of Cost Engineering  

International 
ABND   abandoned 
ADD   average day demand 
AFY   acre-feet per year 
ALT   alternative 
amsl   above mean sea level 
AOP   advanced oxidation processes 
avg   average 
AW   advanced water 
AWWA  American Water Works Association 
BNSF   Burlington Northern Santa Fe Railway Company 
Caltrans  California Department of Transportation 
CCI   Construction Cost Index 
CDPH   California Department of Public Health 
CEQA   California Environmental Quality Act 
City   City of San Bernardino 
CL, ℄   centerline 
CMU   concrete masonry unit 
CONC   concrete 
CWF   Clean Water Factory 
DW   domestic water 
dwg   drawing 
E   east 
E/O   east of 
EIR   Environmental Impact Report 
EIS   Environmental Impact Statement 
ELEC   electrical 
ENR   Engineering News Record 
EX   existing 
FO   fiber optic 
fps   feet per second 
G   gas 
gpm   gallons per minute 
HDPE   high-density polyethylene 
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HP   high pressure 
HWY   highway 
IEBL   Inland Empire Brine Line 
INV   invert 
IPR   indirect potable reuse 
L   long 
LF   linear foot/feet 
LN   lane 
max   maximum 
MBR   membrane bioreactor 
MDD   maximum day demand 
MF/UF   microfiltration/ultrafiltration 
mg/L   milligrams per liter 
mgd   million gallons per day 
min   minimum 
MMD   maximum month demand 
N   north 
N/O   north of 
NEPA   National Environmental Policy Act 
NF   nanofiltration 
NPR   non-potable reuse 
O&M   operation and maintenance 
PHD   peak hour demand 
PRV   pressure regulating valve 
psi   pounds per square inch 
R/R   railroad 
R/W, RW, ROW right-of-way 
RCP   reinforced concrete pipe 
RD   road 
Recharge Basins Waterman Basins and East Twin Creek Spreading Grounds 
RIX   Rapid Infiltration and Extraction 
RO   reverse osmosis 
RW   recycled water 
RWQCB  Regional Water Quality Control Board 
S   south 
S/O   south of 
SANBAG  San Bernardino Association of Governments 
SBCFCD  San Bernardino County Flood Control District 
SBMWD  City of San Bernardino Municipal Water Department 
SBWRP  San Bernardino Water Reclamation Plant 
SCE   Southern California Edison 
SD   storm drain 
SPW   State Project Water 
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SS   sanitary sewer 
ST   street 
SWP   State Water Project 
TDH   total dynamic head 
TDS   Total Dissolved Solids 
TELE   telephone 
UV   ultraviolet 
Valley District  San Bernardino Valley Municipal Water District 
VFD   variable frequency drive 
W   west 
W/O   west of 
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2.0 EXISTING FACILITIES 
 
The primary existing facilities within the area impacted by the proposed CWF Project include 
the SBWRP, the RIX facility, and the Recharge Basins.  The SBMWD does not currently have 
recycled water infrastructure.  
 
2.1 SAN BERNARDINO WATER RECLAMATION PLANT 
 
The SBWRP is located in the southern part of SBMWD’s service area at 399 Chandler Place, San 
Bernardino, California.  The SBWRP currently treats 22 mgd to secondary treatment standards 
using a treatment train that includes headworks, primary clarifiers, aeration systems with 
nitrogen removal capabilities, and secondary clarifiers.  The secondary treated water is 
conveyed via a pipeline to the RIX Facility for tertiary treatment and discharge to the Santa Ana 
River.  The SBWRP has a rated capacity of 33 mgd with projected treatment demands of 28 mgd 
by 2015, 31 mgd by 2020, and up to 35 mgd by 2030.  The SBWRP will be expanded or upgraded 
to meet projected 2030 demands. 
 
2.2 RAPID INJECTION AND EXTRACTION (RIX) FACILITY 

 
The RIX tertiary treatment facility is located approximately four miles southwest of the SBWRP 
along the Santa River (see Figure 1-1).  The SBMWD and City of Colton are members of a Joint 
Powers Agency that owns and operates the RIX facility.  The RIX facility currently treats 
approximately 5 mgd of secondary-treated effluent from the City of Colton and 22 mgd from 
the SBWRP to the tertiary level for disposal to the Santa Ana River.  Secondary effluent is 
applied to percolation ponds and a sand filter.  Following filtration by the local soils, filtered 
effluent is extracted and combined with effluent from the sand filter, then disinfected with 
ultraviolet light and discharged to the Santa Ana River.  The RIX tertiary treatment facility is 
permitted to treat 40 mgd of secondary treated effluent and discharge up to 64 mgd of tertiary 
treated recycled water. It currently receives approximately 27 mgd of secondary effluent, and 
currently discharges approximately 36 mgd to the Santa Ana River.  The SBMWD has submitted 
a Petition for Change to the State Water Resources Control Board to reduce the discharge at the 
RIX facility to 11.9 mgd.  As part of the CWF project, secondary effluent from the SBWRP to the 
RIX facility would be reduced to approximately 4 to 7 mgd.  The balance of the secondary 
effluent from the SBWRP would be treated to a tertiary or advanced level and utilized for 
recycled water customers or groundwater recharge as part of the CWF project. 
 
2.3 WATERMAN BASINS/EAST TWIN CREEK SPREADING GROUNDS 
 
The Waterman Basins and East Twin Creek Spreading Grounds (collectively known as the 
Recharge Basins) will be used as the groundwater recharge facilities for the CWF Project.  Total 
recharge that could be used as dilution water as required by CDPH Replenishment Recharge 
Reuse regulations is estimated at 22,700 acre-feet per year (20.2 mgd) as indicated below.  
Dilution water is also utilized to meet the Bunker Hill-A Basin water quality objectives.   
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 Waterman Basins – these basins capture storm water runoff and are a current recharge 

location for the Valley District.  Estimated 10-year average storm water runoff is 2,100 
acre-feet per year (1.9 mgd).  Estimated Valley District recharge with State Project Water 
(SPW) is 10,700 acre-feet per year (9.5 mgd).  The total recharge for the Waterman Basins 
that could be used as dilution water is 12,800 acre-feet per year (11.4 mgd). 

 
 East Twin Creek Spreading Grounds – these spreading grounds capture storm water 

runoff, and serve as an overflow for the Waterman Basins.  The Spreading Grounds do 
not currently have a turnout for Valley District recharge using State Project Water, but a 
turnout is planned.  Estimated 10-year average storm water runoff is 3,900 acre-feet per 
year (3.5 mgd).  Estimated Valley District recharge with State Project Water is 6,000 acre-
feet per year (5.3 mgd).  The total recharge for the East Twin Creek Spreading Grounds 
that could be used as dilution water is 9,900 acre-feet per year (8.8 mgd). 

 
The Recharge Basins are owned and operated by the San Bernardino County Flood Control 
District.  These basins will continue to function as flood control facilities.  Recycled water and 
advanced treated water used for groundwater recharge may be limited prior to and during 
storm events.  Groundwater recharge flows may need to be diverted at the SBWRP to the RIX 
facility and Santa Ana River during storm events. During large storm events where the flow in 
the Santa Ana River is greater than a 20 to 1 ratio as compared to the SBWRP discharge rate, the 
RWQCB allows discharge at the SBWRP of secondary effluent to the Santa Ana River without 
tertiary and/or advanced treatment.  
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3.0 PROPOSED FACILITIES 
 
Six Conveyance Scenarios were developed to analyze possible configurations of conveyance 
facilities for the CWF Project.  Configurations included:  
 

 A single pipeline that would deliver advanced treated water to both recycled water 
customers and the Recharge Basins; 

 Dual pipelines with one recycled water pipeline to customers and one advanced water 
pipeline to the Recharge Basins; 

 A single pipeline that would deliver recycled water to both recycled water customers 
and to an advanced water treatment plant located at the Recharge Basins.  

 
Pump stations and storage tanks were located to optimize system hydraulics and flexibility for 
delivery of recycled water and advanced treated water flow.  Design criteria and sizing of 
facilities are described in Section 5.  
 
Facilities will be required at the Waterman Basins and East Twin Creek Spreading Grounds to 
discharge recycled water and advanced treated water for infiltration into the Recharge Basins.  
Turnouts with isolation valves, meters, and concrete discharge structures would be installed at 
various locations along the edge of the Spreading Basins.  Monitoring wells will also be 
required at various points within and adjacent to the Recharge Basins to monitor the flow of 
recycled water and advanced treated water within the groundwater basin.  
 
The six Conveyance Scenarios are described below and evaluated in detail in the following 
sections of this report. 
 
3.1 CONVEYANCE SCENARIOS 
 
Descriptions of six Conveyance Scenarios are provided below and summarized in Table 3-1. 
The Conveyance Scenarios are also depicted in Figures 3-1 through 3-6.  Facilities have been 
assigned designation numbers with the first number representing the Conveyance Scenario 
number and second number representing the facility number (i.e. Storage Tank 1-1 is 
Conveyance Scenario 1 and Tank 1 within this scenario).  
 
Conveyance Scenario 1 – This scenario utilizes a single conveyance system to deliver advanced 
treated water to both direct use northern customers and the Recharge Basins, and a separate 
recycled water system to serve direct use customers near the SBWRP.  A recycled water storage 
tank (Storage Tank 1-1) and pump station (Pump Station 1-1) would be located at the SBWRP to 
serve direct use customers near the SBWRP.  An advanced water storage tank (Storage Tank 1-
2) and pump station (Pump Station 1-2) would be located at the SBWRP and would convey 
water in Pipeline 1-1 to both direct use northern customers and the Recharge Basins.  An 
advanced water storage tank (Storage Tank 1-3) at an intermediate location would serve a 
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portion of direct use northern customers.  Brine would be discharged to the IEBL at the SBWRP.  
Secondary treated effluent would be conveyed through an existing pipeline to the RIX facility. 
 
Conveyance Scenario 2 – This scenario utilizes a single conveyance system with two lifts to 
deliver advanced treated water to both direct use northern customers and the Recharge Basins, 
and a separate recycled water system to serve direct use customers near the SBWRP.  A recycled 
water storage tank (Storage Tank 2-1) and pump station (Pump Station 2-1) would be located at 
the SBWRP to serve direct use customers near the SBWRP.  An advanced water storage tank 
(Storage Tank 2-2) and pump station (Pump Station 2-2) would be located at the SBWRP and 
would convey water in Pipeline 2-1 to both direct use northern customers and an intermediate 
storage tank (Storage Tank 2-3).  Advanced water would be conveyed in a second lift by an 
intermediate pump station (Pump Station 2-3) through Pipeline 2-2 to a portion of direct use 
northern customers and to the Recharge Basins.  Brine would be discharge to the IEBL at the 
SBWRP.  Secondary treated effluent would be conveyed through an existing pipeline to the RIX 
facility. 
 
Conveyance Scenario 3 – This scenario utilizes dual conveyance systems with one recycled 
water pipeline serving direct use northern customers and one advanced water pipeline to the 
Recharge Basins, and a separate recycled water system to serve direct use customers near the 
SBWRP.  A recycled water storage tank (Storage Tank 3-1) and pump station (Pump Station 3-1) 
would be located at the SBWRP to serve direct use customers near the SBWRP and direct use 
northern customers in Pipeline 3-1.  A recycled water storage tank (Storage Tank 3-3) at a 
northern location would serve direct use northern customers.  Recycled water would be 
conveyed in a second lift by a northern pump station (Pump Station 3-3) through Pipeline 3-2 to 
the Recharge Basins.  An advanced water storage tank (Storage Tank 3-2) and pump station 
(Pump Station 3-2) would be located at the SBWRP and would convey water in Pipeline 3-3 to 
the Recharge Basins.  Brine would be discharged to the IEBL at the SBWRP.  Secondary treated 
effluent would be conveyed through an existing pipeline to the RIX facility. 
 
Conveyance Scenario 4 – This scenario utilizes dual conveyance systems with one recycled 
water pipeline serving direct use northern customers and one advanced water pipeline with 
two lifts to the Recharge Basins, and a separate recycled water system to serve direct use 
customers near the SBWRP.  A recycled water storage tank (Storage Tank 4-1) and pump station 
(Pump Station 4-1) would be located at the SBWRP to serve direct use customers near the 
SBWRP and direct use northern customers in Pipeline 4-1.  A recycled water storage tank 
(Storage Tank 4-3) at a northern location would serve direct use northern customers.  Recycled 
water would be conveyed in a second lift by a northern pump station (Pump Station 4-3) 
through Pipeline 4-2 to the Recharge Basins.  An advanced water storage tank (Storage Tank 4-
2) and pump station (Pump Station 4-2) would be located at the SBWRP and would convey 
water in Pipeline 4-3 to an intermediate storage tank (Storage Tank 4-4).  Advanced water 
would be conveyed in a second lift by an intermediate pump station (Pump Station 4-4) through 
Pipeline 4-4 to the Recharge Basins.  Brine would be discharged to the IEBL at the SBWRP.  
Secondary treated effluent would be conveyed through an existing pipeline to the RIX facility. 
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Conveyance Scenario 5 – This scenario utilizes a single conveyance system that would deliver 
recycled water to both direct use northern customers and to an advanced water treatment plant 
located at the Recharge Basins.  A recycled water storage tank (Storage Tank 5-1) and pump 
station (Pump Station 5-1) would be located at the SBWRP to serve direct use customers near 
the SBWRP; and direct use northern customers, Recharge Basins, and an advanced treatment 
plant all through Pipeline 5-1.  A recycled water storage tank (Storage Tank 5-2) at an 
intermediate location would serve a portion of direct use northern customers.  A separate 
pipeline (Pipeline 5-2) would convey brine from an advanced treatment plant at the Recharge 
Basins to the SBWRP for discharge to the IEBL.  Secondary treated effluent would be conveyed 
through an existing pipeline to the RIX facility. 
 
Conveyance Scenario 6 – This scenario utilizes a single conveyance system with two lifts that 
would deliver recycled water to both direct use northern customers and to an advanced water 
treatment plant located at the Recharge Basins.  A recycled water storage tank (Storage Tank 6-
1) and pump station (Pump Station 6-1) would be located at the SBWRP to serve direct use 
customers near the SBWRP; and a portion of direct use northern customers through Pipeline 6-
1.  A recycled water storage tank (Storage Tank 6-2) at an intermediate location would serve a 
portion of direct use northern customers.  Recycled water would be conveyed in a second lift by 
an intermediate pump station (Pump Station 6-2) through Pipeline 6-2 to a portion of direct use 
northern customers, Recharge Basins, and an advanced treatment plant.  A separate pipeline 
(Pipeline 6-2) would convey brine from an advanced treatment plant at the Recharge Basins to 
the SBWRP for discharge to the IEBL.  Secondary treated effluent would be conveyed through 
an existing pipeline to the RIX facility. 
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Table 3-1 
Conveyance Scenarios 

 

Scenario 
No. 

Description Facilities 

1 

Single conveyance system to deliver 
advanced treated water to 
direct use northern customers 
and the Recharge Basins.  A 
separate recycled water system 
to serve direct use customers 
near SBWRP. 

 Recycle water storage tank and pump 
station at SBWRP 

 Advanced water storage tank and pump 
station at SBWRP 

 Advanced water storage tank at an 
intermediate location 

2 

Single conveyance system with two lifts 
to deliver advanced treated 
water to direct use northern 
customers and the Recharge 
Basins.  A separate recycled 
water system to serve direct 
use customers near the 
SBWRP. 

 Recycle water storage tank and pump 
station at SBWRP 

 Advanced water storage tank and pump 
station at SBWRP 

 Advanced water storage tank and pump 
station at an intermediate location 

3 

Dual conveyance systems with one 
recycled water pipeline serving 
direct use northern customers 
and one advanced water 
pipeline to the Recharge 
Basins.  A separate recycled 
water system to serve direct 
use customers near the 
SBWRP. 

 Recycle water storage tank and pump 
station at SBWRP 

 Recycled water storage tank and pump 
station at a northern location 

 Advanced water storage tank and pump 
station at SBWRP 

 

4 

Dual conveyance systems with one 
recycled water pipeline serving direct 
use northern customers and one 
advanced water pipeline with two lifts 
to the Recharge Basins. A separate 
recycled water system to serve direct 
use customers near the SBWRP. 

 Recycle water storage tank and pump 
station at SBWRP 

 Recycled water storage tank and pump 
station at a northern location 

 Advanced water storage tank and pump 
station at SBWRP 

 Advanced water storage tank and pump 
station at an intermediate location 

5 

Single conveyance system to deliver 
recycled water to both direct use 
northern customers and to an advanced 
water treatment plant located at the 
Recharge Basins. 

 Recycle water storage tank and pump 
station at SBWRP 

 Recycled water storage tank at an 
intermediate location 

 Advanced treatment plant at Recharge 
Basins 

 Brine pipeline from Recharge Basins to 
SBWRP 

6 

Single conveyance system with two lifts 
to deliver recycled water to both direct 
use northern customers and to an 
advanced water treatment plant located 
at the Recharge Basins. 

 Recycle water storage tank and pump 
station at SBWRP 

 Recycled water storage tank and pump 
station at an intermediate location 

 Advanced treatment plant at Recharge 
Basins 

 Brine pipeline from Recharge Basins to 
SBWRP 
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4.0 POTENTIAL DIRECT USE CUSTOMERS AND RECYCLED 
WATER DEMANDS 

 
The CWF Project will reduce SBMWD’s per capita water usage in order to comply with SBX-7, 
although many additional benefits will be realized including, but not limited to, increasing 
water supply reliability. This will be accomplished in part by converting existing potable water 
customers, either partially or entirely, to recycled water (direct use). Some typical uses for 
recycled water include irrigation, cleaning, industrial cooling, industrial processes, fire flow, 
refilling of lakes, and other various uses. As previously mentioned, the Recycled Water Report 
indicated that conventional direct recycled water distribution throughout the entire SBMWD 
service area is not economically feasible; however, there are several specific candidates for 
recycled water conversion along the recycled water conveyance alignments that may be a viable 
option for cost-effectively reducing per capita potable water usage. This philosophy was 
maintained when identifying and evaluating potential direct use customers as part of this 
analysis as described in the following sections.  
 
4.1 DIRECT USE CUSTOMERS 
 
Identifying potential direct use customers began with examining the areas that were previously 
identified in the Recycled Water Report. Potential direct use customers in the Recycled Water 
Report were limited to the San Bernardino Public Golf Course; existing irrigation customers 
along the East Twin Creek flood control channel, including parks, schools, and golf courses; and 
on-site use at the SBWRP. A total of 19 irrigation customers were identified, with a total average 
day demand of approximately 2.8 mgd (2.1 mgd at the SBWRP and to the south and 0.7 mgd to 
the north). As part of this analysis, these areas were confirmed to be viable candidates for 
recycled water usage, and remain included in the list of potential direct use customers.  
 
In addition to the previously identified areas, additional potential direct use customers were 
identified within the area proximate to the proposed conveyance pipeline alignments, generally 
defined as bound by I-215 Freeway to the west, the I-10 Freeway to the south, Del Rosa Drive to 
the east, and the Recharge Basins at the north end of the SBMWD service area totaling 
approximately 1.3 mgd. Presumed large users just outside of this area were also identified; 
however, these potential customers have been excluded from the demand calculations since 
their distances from the proposed conveyance pipelines may make these cost-prohibitive 
options. These large users are as follows: 
 

 Montecito Memorial Park and Mortuary 
 Loma Linda University 
 Loma Linda Community Park 
 Rancon Lake 
 San Bernardino International Airport 
 San Bernardino Soccer Complex 
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For potential customer selection, emphasis was placed on those areas presumed to have the 
highest irrigation demands, which would include golf courses, parks, schools, cemeteries, and 
nurseries. As of result of further investigation, a total of 60 potential customers were identified 
corresponding to a total gross area of approximately 961 acres  
 
A comprehensive list of potential direct use customers is provided in Table A-1 in Appendix A. 
Their areas and proximity to the conveyance pipeline Alignment Options are shown in Figures 
4-1 through 4-5.  Conveyance pipeline segments and alignments are described further in Section 
6. 
 
4.2 RECYCLED WATER CRITERIA AND DEMANDS 
 
In order to evaluate recycled water facility sizing and effectiveness of serving potential direct 
use customers, estimated water demands were calculated using gross parcel areas and water 
demand factors. Water demand factors were calculated according to land use category based on 
historic water demand data for the previously identified areas provided in the Recycled Water 
Report. A summary of this data is shown in Table 4-1 (see Appendix A for more detailed 
information). It should be noted that the SBWRP, the San Bernardino Public Golf Course, and 
irrigated areas along the I-215 Freeway currently receive groundwater from a well located at the 
SBWRP. There are also groundwater wells located at Wildwood Park and the Arrowhead 
Country Club. Usage of these groundwater wells may understate the actual amount of recycled 
water that would ultimately be needed. 
 

Table 4-1 
Existing Irrigation Water Demand 

 

Irrigation Customers [1] 

Total 
(AFY) 

[1] 

Approx 
Gross Area 

(ac) [1] 

Calculated 
Demand Factor 

(AFY/ac) 
San Bernardino Water Reclamation Plant 1998 49 [2] 40.51 
San Bernardino Public Golf Course 209.1 93 2.25 
CalTrans (I-215) 100.2 15 [2] 6.89 
Arrowhead Country Club 247.2 110 2.25 
Mill Community Park 25.3 14 1.81 
Meadowbrook Recreational Park 25.4 14 1.81 
Meadowbrook Park 12.6 7 1.80 
Secombe Lake State Recreational Area 56 31 1.81 
Perris Hill Park 57.7 32 1.80 
Horine Park 10.2 6 1.70 
Wildwood Park 43.6 24 1.82 
Palm Field 8.9 5 1.78 
Community Gardens  27 15 1.80 
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Table 4-1 (continued) 
Existing Irrigation Water Demand 

 

Irrigation Customers [1] 

Total 
(AFY) 

[1] 

Approx 
Gross Area 

(ac) [1] 

Calculated 
Demand Factor 

(AFY/ac) 
Pioneer Memorial Cemetery 36.7 20 1.84 
Mountain View Cemetery 104.6 58 1.80 
Golden Valley Middle School 16.44 16 [2] 1.02 
Parkside Elementary 16.44 5 [2] 3.00 
Wilson Elementary 16.44 6 [2] 2.78 
Sierra High School 81.23 14 [2] 5.89 

Totals 3093 534 - 
[1] Source:  SBMWD Recycled Water Planning Investigation Report, Appendix B, (Wildermuth, 
November 2010), except as noted. 
[2] Gross area based on County of San Bernardino GIS data. 

 
The demand factors for similar land use categories were averaged to establish demand factors 
for golf courses, parks, schools, nurseries, cemeteries, and public use areas (e.g., libraries, 
governmental buildings, etc.). Where available, demand factors based on historic water use for 
customers identified in the Recycled Water Report were utilized. For any additional potential 
customers, the demand factors were increased to form more conservative planning factors to 
allow for some variability for future demands. These water demand factors are listed in Table 4-
2.  
 

Table 4-2 
Water Demand Factors 

 

Land Use Category 

Avg Demand 
Factor 

(Historic) 
(AFY/ac) 

Planning 
Demand Factor 

(AFY/ac) [1] 
Golf Courses (GC) 2.25 2.5 
Parks (PK) 1.79 2.0 
Schools (SC) 2.78 4.0 
Nursery (N) 1.80 2.0 
Cemeteries (C) 1.82 2.0 

Public Use (PB) [2] - 3.0 

Caltrans (CT) [3] - 2.0 
[1]:  Note: Planning factor corresponds to gross area. 
[2]:  Planning factor for Public Use category is based upon a 75 percent irrigated 

ratio as compared to Schools. 
[3]:  Planning factor for Caltrans category is based upon the Parks land use 

category applied to the irrigated portion of Caltrans land use. 
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Water demand peaking factors were also established to account for the variations in demands 
that typically occur seasonally, daily, and hourly. Four pertinent demand conditions were 
considered, including average day demand (ADD), maximum month demand (MMD), 
maximum day demand (MDD), and peak hour demand (PHD) during a maximum day. 
Maximum month demand represents the month with the highest amount of water usage, 
typically occurring in the hottest month of the year during summer. This factor was calculated 
as 1.3 times the average day demand from the Recycled Water Report. Similarly, maximum day 
demand represents the single day of the year with the highest amount of water usage. Although 
the Recycled Water Report concluded that the maximum day factor was equivalent to the 
maximum month factor of 1.3 times the average day demand based on the premise that 
irrigation schedules are usually varied on a seasonal basis rather than a daily basis, this factor 
was increased to a more conservative value of 2.0 to allow for some variation in demand 
throughout the month. The peak hour demand factor was calculated as 3.0 times the maximum 
day demand based on an 8-hour irrigation window per 24-hours, since irrigation typically 
occurs during a limited period during the late night hours and early morning hours. A 
summary of the water demand peaking factors is provided in Table 4-3.  
 

Table 4-3 
Water Demand Peaking Factors 

 

Demand Condition Peaking Factor 
Average Day Demand (ADD) - 
Maximum Month Demand (MMD) 1.3 x ADD 
Maximum Day Demand (MDD) 2.0 x ADD 
Peak Hour Demand (PHD) 3.0 X MDD 

 
A detailed summary of potential direct use customers, land use categories, gross areas, and 
estimated demands is provided in Table A-1 in Appendix A. It should be noted that this 
analysis does not take into consideration potential future changes in land use or future projects 
that may need or want recycled water service.  

 
For development of pipeline, pump station, and storage tank capacity, the direct use demands 
were evaluated and are summarized in Table 4-4.  Direct use customers were split into two 
groups: (1) northern users, and (2) users at the SBWRP and southern users.  The groups will 
have separate pipeline, pump station and storage tank facilities for service due to their location. 
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Table 4-4 
Water Demands 

 

Direct Users Demand Condition Demand 

Northern Average Day Demand (ADD) 2.0 mgd (2,219 AF/yr) 

 Maximum Month Demand (MMD) 2.6 mgd (2,884 AF/yr) 

 
Maximum Day Demand (MDD) 4.0 mgd (4,437 AF/yr) 

 Peak Hour Demand (PHD) 12.0 mgd (13,311 AF/yr) 

At SBWRP 
and Southern Average Day Demand (ADD) 2.1 mgd (2,307 AF/yr) 

 Maximum Month Demand (MMD) 2.7 mgd (2,999 AF/yr) 

 Maximum Day Demand (MDD) 4.2 mgd (4,614 AF/yr) 

 Peak Hour Demand (PHD) 12.6 mgd (13,842 AF/yr) 
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July 2012 5-1 Summary Report 

5.0 PRELIMINARY FACILITY SIZING 
 
Preliminary facility sizing was developed for recycled water and advanced treated water 
facilities.  Primary facilities included transmission pipelines, pump stations, and storage 
reservoirs.  Design criteria were developed for each type of facility and is listed in Table 5-1. 
 

Table 5-1 
Design Criteria 

 

Facility Description Criteria 

Pipelines Capacity, Transmission 
Maximum Day Demand (MDD) 
Consider Average Day Demand for Recharge 
alternating with MDD for Recycled Water 

 Capacity, Distribution Peak Hour Demand for Recycled Water 

 Velocity 6 feet per second (fps) 

 Roughness Hazen-Williams C=130 (Pipe Dia. ≥ 14”) 
Hazen-Williams C=120 (Pipe Dia. ≤ 12”) 

 
Pressure, pipe 150 psi (to match valve/pipe classes) 

250 psi (to match valve/pipe classes) 

 Pressure, pipe class Minimum Thickness Class 50 for Ductile Iron 
Pipe 

 Pressure, design Design Pressure = Operating + Surge 

 Material, < 48 inch Dia. 
Ductile Iron Pipe with cement mortar lining 
and seal coat per AWWA C-104 
Bituminous coating per AWWA C-151 

 
Alternative Materials,    
< 48 inch Dia. 

Steel Pipe per AWWA C-200 with cement 
mortar lining and coating. 
PVC Pipe per AWWA C900/C905 
HDPE Pipe per AWWA C906 

 Material, ≥ 48 inch Dia. 
Steel Pipe per AWWA C-200 with cement 
mortar lining and coating 

 Easements 25-foot minimum width 

 Depth of Cover 

3 feet in street 
3 feet if established grade, Pipe Dia. ≤ 12” 
3.5 feet if established grade, Pipe Dia. > 12” 
5 feet for open areas (no established grade) 
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Table 5-1 (continued) 

Design Criteria 
 

Facility Description Criteria 

Pump Stations Capacity 

Maximum Day Demand (MDD). 
Consider Average Day Demand for Recharge 
alternating with MDD for Recycled Water. 
Peak Hour Demand (PHD) for closed loop. 

 Number of Pumps For Capacity + one spare 

 Backup Power 
Provide access for hookup of portable 
emergency generator.  Quick connection per 
SBMWD Dwg. W11.9, W11.10, W11.11. 

 Operation 

Simple operation desired. 
Consider Variable Frequency Drives (VFDs) 
for flexibility/optimization of capital and 
O&M costs 

 Architecture Blend in with neighborhood 

 Access Accommodate 30-foot long vehicles 

Storage Tanks Volume 

Tank: Maximum Day Demand for Recycled 
Water 
Forebay: 20 minutes Average Day Demand for 
Advanced Water 

 Type Round, pre-stressed concrete (above ground) 

 Alternative Types 
Round, steel (above ground) 
Rectangular, cast-in-place (above or below 
ground) 

 Operation 
Allow for shutdowns for inspection every 3 to 
5 years 

 Access Accommodate 30-foot long vehicles 

 
Preliminary facility sizing was based on the SBWRP capacity of 33 mgd, advanced water 
treatment and conveyance sizing, recycled water treatment and conveyance sizing, brine 
disposal IEBL capacity of 2.5 mgd, and secondary treated flows to the RIX facility. 
 
5.1 ADVANCED TREATED WATER CONVEYANCE FACILITIES OVERVIEW 
 
Advanced treated water conveyance facilities include pipelines, pump stations, and storage 
tanks to provide advanced treated water to direct use northern customers and/or Recharge 
Basins.  The various advanced water Conveyance Scenarios provide for either a single 
combined conveyance pipeline that would serve both direct use northern customers and 
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Recharge Basins, or a dual conveyance pipelines where one pipeline would be dedicated to 
providing advanced treated water to Recharge Basins and one pipeline would be dedicated to 
providing conventional recycled water to Recharge Basins and direct use customers for 
irrigation.  In either case, the maximum capacity of the advanced water pipeline would be sized 
for 14.2 mgd (limited by IEBL capacity for brine disposal from advanced treatment).  Pump 
stations are sized for pumping flow to the Recharge Basins in one lift, or to an intermediate 
storage tank then to the Recharge Basins in two lifts using a second pump station located near 
the intermediate storage tank.  The maximum pump discharge pressures are approximately 250 
psi for the one lift configuration, and 150 psi for the two lift configuration.  Storage tanks are 
sized for direct use Maximum Day Demand (MDD) if recycled water customers are served 
using advanced treated water.  For advanced water to Recharge Basins only conveyance 
scenario, storage tanks are sized as pump station forebays only.  Where disposal of brine is 
required from an advanced treatment plant located at the Recharge Basins, the brine pipeline 
would be a gravity pipeline sized for 2.5 mgd. 
 
5.2 RECYCLED WATER CONVEYANCE FACILITIES OVERVIEW 
 
Recycled water conveyance facilities include pipelines, pump stations, and storage tanks to 
provide recycled water to direct use northern customers and/or Recharge Basins.  The various 
conventional recycled water Conveyance Scenarios provide for either a single recycled water 
conveyance pipeline that would serve both direct use northern customers and Recharge Basins, 
or a single recycled water conveyance pipeline that would serve direct use northern customers, 
Recharge Basins, and an advanced treatment plant located at the Recharge Basins.  The 
maximum capacity of the conventional recycled water pipeline segments are 7.0 mgd for 
combined direct use northern customers and groundwater recharge (limited by direct use 
customers and dilution in Recharge Basins); 5.0 mgd for groundwater recharge; and 25.2 mgd 
for combined to direct use northern customers, groundwater recharge, and advanced treatment.  
Pump stations are sized for pumping flow to the Recharge Basins in one lift, or to an 
intermediate storage tank then to the Recharge Basins in two lifts using a second pump station 
located near the intermediate storage tank.  The maximum pump discharge pressures are 
approximately 250 psi for the one lift configuration, and 150 psi for the two lift configuration.  
Storage tanks are sized for direct use MDD for the appropriate segment of direct use demand. 
 
5.3 CONVEYANCE SCENARIOS FACILITY SIZING 
 
The following section summarizes the preliminary facility sizing for transmission pipelines, 
pump stations, and storage reservoirs under each conveyance scenario identified in Section 3 
and are shown on Figures 5-1 through 5-6.  It should be noted that a range of lengths are shown 
for each pipeline.  This is because the actual length of each pipeline will depend on the final 
alignment selected for each.  The potential alignments for the transmission mains are discussed 
in detail in Section 6, and summarized on Table A-2 in Appendix A 
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5.3.1 Conveyance Scenario 1 
 

 Pipeline 1-1: Advanced water pipeline from SBWRP to Recharge Basins with capacity for 
combined direct reuse northern customers and groundwater recharge. 

 - Capacity: 14.2 mgd [2.0 mgd (Direct Use, ADD) + 12.2 mgd (Basins)] 
 - Velocity:   6 fps  
 - Diameter:  30 inch  
 - Length: 38,460 to 42,900 feet 
 - Material: AWWA C104 Ductile Iron Pipe 
 - Pressure: 15 to 250 psi  

 Pump Station 1-1: Recycled water pump station at SBWRP for transmission to direct 
reuse customers near SBWRP. 
- Capacity:  12.6 mgd (8,750 gpm) PHD  
- Pressure:  80 psi 
- Pumps: 3 pumps (2 operating + 1 spare), 4,400 gpm each, 250 HP each   

 Pump Station 1-2: Advanced water pump station at SBWRP for transmission to 
combined direct reuse northern customers and groundwater recharge, and an 
intermediate storage tank (Storage Tank 1-3). 
- Capacity:  14.2 mgd (9,860 gpm) 
- Pressure:  250 psi 
- Pumps: 4 pumps (3 operating + 1 spare), 3,300 gpm each, 600 HP each  

 Storage Tank 1-1: Recycled water storage tank at SBWRP with capacity for direct reuse 
customers near SBWRP. 
- Capacity:  4.2 million gallons (MDD) 

 Storage Tank 1-2: Advanced water storage tank at SBWRP with capacity for a portion of 
direct reuse northern customers. 
- Capacity:  3.2 million gallons (MDD) 

 Storage Tank 1-3: Advanced water storage tank at intermediate location with capacity 
for a portion of direct reuse northern customers. 

 - Capacity:  0.8 million gallons (MDD) 

5.3.2 Conveyance Scenario 2  
 

 Pipeline 2-1: Advanced water pipeline from SBWRP to Storage Tank 2-3 with capacity 
for direct reuse northern customers and groundwater recharge. 

 - Capacity: 14.2 mgd [2.0 mgd (Direct Use, ADD) + 12.2 mgd (Basins)] 
 - Velocity:  6 fps  
 - Diameter:  30 inch  
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 - Length:  24,500 to 28,200 feet 
 - Material:  AWWA C104 Ductile Iron Pipe 

- Pressure: 30 to 100 psi 

 Pipeline 2-2: Advanced water pipeline from Storage Tank 2-3 to Recharge Basins with 
capacity for a portion of direct reuse northern customers and groundwater recharge.  

 - Capacity: 14.2 mgd [2.0 mgd (Direct Use, ADD) + 12.2 mgd (Basins)] 
 - Velocity:   6 fps  
 - Diameter:  30 inch 
 - Length:  13,900 to 16,600 feet 
 - Material: AWWA C104 Ductile Iron Pipe 

- Pressure: 15 to 150 psi 

 Pump Station 2-1: Recycled water pump station at SBWRP for transmission to direct 
reuse customers near SBWRP. 

 - Capacity:  12.6 mgd (8,750 gpm) PHD  
 - Pressure:  80 psi 

- Pumps: 3 pumps (2 operating + 1 spare), 4,400 gpm each, 250 HP each   

 Pump Station 2-2: Advanced water pump station at SBWRP for transmission to 
combined direct reuse northern customers and groundwater recharge and an 
intermediate tank (Storage Tank 2-3). 

 - Capacity:  14.2 mgd (9,860 gpm) 
 - TDH:  100 psi 

- Pumps: 4 pumps (3 operating + 1 spare), 3,300 gpm each, 250 HP each 

 Pump Station 2-3: Advanced water pump station at an intermediate location for 
transmission to a portion of direct reuse northern customers and groundwater recharge. 

 - Capacity:  14.2 mgd (9,860 gpm) 
 - Pressure:  150 psi 

- Pumps: 4 pumps (3 operating + 1 spare), 3,300 gpm each, 400 HP each 

 Storage Tank 2-1: Recycled water storage tank at SBWRP with capacity for direct reuse 
customers near SBWRP.  
- Capacity:  4.2 million gallons (MDD) 

 Storage Tank 2-2: Advanced water storage tank at SBWRP with capacity for a portion of 
direct reuse northern customers. 
- Capacity:  1.6 million gallons (MDD) 

 Storage Tank 2-3: Advanced water storage tank at an intermediate location with capacity 
for a portion of direct reuse northern customers. 
- Capacity:  2.4 million gallons (MDD) 
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5.3.3 Conveyance Scenario 3 
 

 Pipeline 3-1: Recycled water pipeline from SBWRP to Storage Tank 3-3 with capacity for 
direct reuse and groundwater recharge. 

 - Capacity: 7.0 mgd [2.0 mgd (Direct Use, ADD) + 5.0 mgd (Basins)] 
 - Velocity:  6 fps  
 - Diameter:  20 inch  
 - Length: 35,200 to 38,800 feet 
 - Material: AWWA C104 Ductile Iron Pipe 
 - Pressure: 30 to 250 psi 

 Pipeline 3-2: Recycled water pipeline from Storage Tank 3-3 to Recharge Basins with 
capacity for groundwater recharge.   

 - Capacity: 5.0 mgd (Basins) 
 - Velocity:  6 fps  
 - Diameter:  16 inch  
 - Length: 3,300 to 6,000 feet 
 - Material: AWWA C104 Ductile Iron Pipe 
 - Pressure: 15 to 80 psi 

 Pipeline 3-3: Advanced water pipeline from SBWRP to Recharge Basins with capacity for 
groundwater recharge. 

 - Capacity: 14.2 mgd (Basins) 
 - Velocity:  6 fps  
 - Diameter:  30 inch  
 - Length: 38,460 to 42,900 feet 
 - Material: AWWA C104 Ductile Iron Pipe 
 - Pressure: 15 to 250 psi 

 Pump Station 3-1: Recycled water pump station at SBWRP with two sets of pumps – one 
set for transmission to direct reuse customers near SBWRP, and one set for transmission 
to combined direct reuse northern customers and groundwater recharge. 

 - Recycled Water Pumps (to SBWRP Direct Users): 
 - Capacity:  12.6 mgd (8,750 gpm) PHD 
 - Pressure:  80 psi 
 - Pumps: 3 pumps (2 operating + 1 spare), 4,400 gpm each, 250 HP each   

 - Recycled Water Pumps (to Northern Direct Users and Storage Tank 3-3): 
 - Capacity:  7.0 mgd (4,860 gpm)  
 - Pressure:  250 psi 
 - Pumps: 3 pumps (2 operating + 1 spare), 2,500 gpm each, 450 HP each 
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 Pump Station 3-2: Advanced water pump station at SBWRP for transmission to 
groundwater recharge. 

 - Capacity:  14.2 mgd (9,860 gpm) 
 - Pressure:  250 psi 
 - Pumps: 4 pumps (3 operating + 1 spare), 3,300 gpm each, 600 HP each 

 Pump Station 3-3: Recycled water pump station at an intermediate location for 
transmission to groundwater recharge. 

 - Capacity:  5.0 mgd (3,475 gpm)  
 - Pressure:  80 psi 
 - Pumps: 3 pumps (2 operating + 1 spare), 1,750 gpm each, 100 HP each 

 Storage Tank 3-1: Recycled water storage tank at SBWRP with capacity for direct reuse 
customers near SBWRP. 

 - Capacity:  4.3 million gallons [4.2 million gallons (MDD) + 0.1 million gallons  
  (pumping forebay)] 

 Storage Tank 3-2: Advanced water storage tank at SBWRP with capacity for use as a 
pumping forebay. 

 - Capacity:  0.2 million gallons 

 Storage Tank 3-3: Recycled water storage tank at a northern location with capacity for 
direct reuse northern customers. 

 - Capacity:  4.0 million gallons (MDD) 

5.3.4 Conveyance Scenario 4 
  

 Pipeline 4-1: Recycled water pipeline from SBWRP to Storage Tank 4-3 with capacity for 
direct reuse and groundwater recharge. 

 - Capacity: 7.0 mgd [2.0 mgd (Direct Use, ADD) + 5.0 mgd (Basins)] 
 - Velocity:  6 fps  
 - Diameter:  20 inch  
 - Length: 35,200 to 38,800 feet 
 - Material: AWWA C104 Ductile Iron Pipe 
 - Pressure: 30 to 250 psi 

 Pipeline 4-2: Recycled water pipeline from Storage Tank 4-3 to Recharge Basins with 
capacity for groundwater recharge. 

 - Capacity: 5.0 mgd (Basins) 
 - Velocity:  6 fps  
 - Diameter:  16 inch  
 - Length: 3,300 to 6,000 feet 
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 - Material: AWWA C104 Ductile Iron Pipe 
 - Pressure: 15 to 80 psi 

 Pipeline 4-3: Advanced water pipeline from SBWRP to Storage Tank 4-4 with capacity 
for groundwater recharge. 

 - Capacity: 14.2 mgd (Basins) 
 - Velocity:  6 fps  
 - Diameter:  30 inch  
 - Length: 24,500 to 28,200 feet 
 - Material: AWWA C104 Ductile Iron Pipe 
 - Pressure: 30 to 100 psi 

 Pipeline 4-4: Advanced water pipeline from Storage Tank 4-4 to Recharge Basins with 
capacity for groundwater recharge. 

 - Capacity: 14.2 mgd (Basins) 
 - Velocity:  6 fps  
 - Diameter:  30 inch  
 - Length: 13,900 to 16,600 feet 
 - Material: AWWA C104 Ductile Iron Pipe 
 - Pressure: 15 to 150 psi 

 Pump Station 4-1: Recycled water pump station at SBWRP with two sets of pumps – one 
set for transmission to direct reuse customers near SBWRP, and one set for transmission 
to combined direct reuse northern customers and groundwater recharge. 

 - Recycled Water Pumps (to SBWRP Direct Users): 
 - Capacity:  12.6 mgd (8,750 gpm) PHD 
 - Pressure:  80 psi 
 - Pumps: 3 pumps (2 operating + 1 spare), 4,400 gpm each, 250 HP each   

 - Recycled Water Pumps (to Northern Direct Users and Storage Tank 4-3): 
 - Capacity:  7.0 mgd (4,860 gpm)  
 - Pressure:  250 psi 
 - Pumps: 3 pumps (2 operating + 1 spare), 2,500 gpm each, 450 HP each 

 Pump Station 4-2: Advanced water pump station at SBWRP for transmission to 
groundwater recharge and intermediate tank (Storage Tank 4-4). 

 - Capacity:  14.2 mgd (9,860 gpm) 
 - Pressure:  100 psi 
 - Pumps: 4 pumps (3 operating + 1 spare), 3,300 gpm each, 250 HP each 

 Pump Station 4-3: Recycled water pump station at an intermediate location for 
transmission to groundwater recharge. 

 - Capacity:  5.0 mgd (3,475 gpm)  
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 - Pressure:  80 psi 
 - Pumps: 3 pumps (2 operating + 1 spare), 1,750 gpm each, 100 HP each 

 Pump Station 4-4: Advanced water pump station at an intermediate location for 
transmission to groundwater recharge 

 - Capacity:  14.2 mgd (9,860 gpm)  
 - Pressure:  150 psi 
 - Pumps: 4 pumps (3 operating + 1 spare), 3,300 gpm each, 400 HP each 

 Storage Tank 4-1: Recycled water storage tank at SBWRP with capacity for direct reuse 
customers near SBWRP. 

 - Capacity:  4.3 million gallons [4.2 million gallons (MDD) + 0.1 million gallons  
  (pumping forebay)] 

 Storage Tank 4-2: Advanced water storage tank at SBWRP with capacity for use as a 
pumping forebay. 

 - Capacity:  0.2 million gallons 

 Storage Tank 4-3: Recycled water storage tank at a northern location with capacity for 
direct reuse northern customers. 

 - Capacity:  4.0 million gallons (MDD) 

 Storage Tank 4-4: Advanced water storage tank at an intermediate location for use as a 
pumping forebay and intermediate storage for groundwater recharge. 

 - Capacity:  0.2 million gallons 
 
5.3.5 Conveyance Scenario 5 
 

 Pipeline 5-1: Recycled water pipeline from SBWRP to Advanced Treatment at Recharge 
Basins with capacity for combined direct reuse northern customers and treatment for 
groundwater recharge. 

 - Capacity: 25.2 mgd [2.0 mgd (Direct Use, ADD) + 5.0 mgd (Basins) + 18.2 mgd 
(Advanced Treatment Plant)] 

 - Velocity:  6 fps  
 - Diameter:  36 inch  
 - Length: 38,460 to 42,900 feet 
 - Material: AWWA C104 Ductile Iron Pipe 
 - Pressure: 15 to 250 psi  

 Pipeline 5-2: Brine pipeline from Advanced Treatment at Recharge Basins to SBWRP 
(IEBL Pipeline) with capacity for waste brine.    

 - Capacity: 2.5 mgd (Brine) 
 - Velocity:  6 fps  
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 - Diameter:  12 inch   
 - Length: 38,460 to 42,900 feet 
 - Material: AWWA C104 Ductile Iron Pipe 
 - Pressure: 5 to 15 psi (Gravity line) 

 Pump Station 5-1: Recycled water pump station at SBWRP with two sets of pumps – one 
set for transmission to direct reuse customers near SBWRP, and one set for transmission 
to combined direct reuse northern customers and advanced water treatment at Recharge 
Basins. 

 - Recycled Water Pumps (to SBWRP Direct Users): 
 - Capacity:  12.6 mgd (8,750 gpm) PHD 
 - Pressure:  80 psi 
 - Pumps: 3 pumps (2 operating + 1 spare), 4,400 gpm each, 250 HP each   

 - Recycled Water Pumps (to Northern Direct Users, Advanced Treatment at Recharge 
Basins, and Storage Tank 5-2): 

 - Capacity:  25.2 mgd (17,500 gpm)  
 - Pressure:  250 psi 
 - Pumps: 4 pumps (3 operating + 1 spare), 5,830 gpm each, 1,000 HP each 

 Storage Tank 5-1: Recycled water storage tank at SBWRP with capacity for direct reuse 
customers near SBWRP and a portion of direct reuse northern customers. 

 - Capacity:  7.4 million gallons [4.2 million gallons (MDD) + 3.2 million gallons 
(MDD)] 

 Storage Tank 5-2: Recycled water storage tank at intermediate location with capacity for 
a portion of direct reuse northern customers. 

 - Capacity:  0.8 million gallons (MDD) 
 
5.3.6 Conveyance Scenario 6  
 

 Pipeline 6-1: Recycled water pipeline from SBWRP to Storage Tank 6-2 with capacity for 
combined direct reuse northern customers and treatment for groundwater recharge.   

 - Capacity: 25.2 mgd [2.0 mgd (Direct Use, ADD) + 5.0 mgd (Basins) + 18.2 mgd 
(Advanced Treatment Plant)] 

 - Velocity:  6 fps  
 - Diameter:  36 inch  
 - Length: 24,500 to 28,200 feet 
 - Material: AWWA C104 Ductile Iron Pipe 
 - Pressure: 30 to 100 psi 
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 Pipeline 6-2: Recycled water pipeline from Storage Tank 6-2 to Advanced Treatment at 
Recharge Basins with capacity for combined direct reuse northern customers and 
treatment for groundwater recharge 

 - Capacity: 25.2 mgd [2.0 mgd (Direct Use, ADD) + 5.0 mgd (Basins) + 18.2 mgd 
(Advanced Treatment Plant)] 

 - Velocity:  6 fps  
 - Diameter:  36 inch  
 - Length: 13,900 to 16,600 feet 
 - Material: AWWA C104 Ductile Iron Pipe 
 - Pressure: 15 to 150 psi 

 Pipeline 6-3: Brine pipeline from Advanced Treatment at Recharge Basins to SBWRP 
(IEBL Pipeline) with capacity for waste brine 

 - Capacity: 2.5 mgd (Brine) 
 - Velocity:  6 fps  
 - Diameter:  12 inch   
 - Length: 38,460 to 42,900 feet 
 - Material: AWWA C104 Ductile Iron Pipe 
 - Pressure: 5 to 15 psi (Gravity line) 

 Pump Station 6-1: Recycled water pump station at SBWRP with two sets of pumps – one 
set for transmission to direct recycled water reuse customers near SBWRP and one set 
for transmission to combined direct water reuse northern customers and advanced 
water treatment at Recharge Basins and intermediate tank (Storage Tank 6-2). 
- Recycled Water Pumps (to SBWRP Direct Users): 

- Capacity:  12.6 mgd (8,750 gpm) PHD 
- Pressure:  80 psi 
- Pumps: 3 pumps (2 operating + 1 spare), 4,400 gpm each, 250 HP each   

- Recycled Water Pumps (to Northern Direct Users, Advanced Treatment at Recharge 
Basins, and Storage Tank 6-2): 
- Capacity:  25.2 mgd (17,500 gpm) 
- Pressure:  100 psi  

 - Pumps: 4 pumps (3 operating + 1 spare), 5,830 gpm each, 450 HP each 

 Pump Station 6-2: Recycled water pump station at an intermediate location for 
transmission to a portion of direct reuse northern customers and advanced water 
treatment at Recharge Basins. 

 - Capacity:  25.2 mgd (17,500 gpm) 
 - Pressure:  150 psi 
 - Pumps: 4 pumps (3 operating + 1 spare), 5,830 gpm each, 600 HP each 
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 Storage Tank 6-1: Recycled water storage tank at SBWRP with capacity for direct reuse 
customers near SBWRP and a portion of direct reuse northern customers.  

 - Capacity:  5.8 million gallons [4.2 million gallons (MDD) + 1.6 million gallons 
(MDD)] 

 Storage Tank 6-2: Recycled water storage tank at an intermediate location with capacity 
for a portion of direct reuse northern customers. 

 - Capacity:  2.4 million gallons (MDD) 
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6.0 PRELIMINARY HYDRAULIC ANALYSIS 
 
A preliminary hydraulic analysis was conducted utilizing the preliminary facility sizing criteria 
described in Section 5 for pipelines, pump stations, and storage tanks for each conveyance 
scenario.  The hydraulic analysis calculations are included in Appendix B.  The preliminary 
hydraulic analysis was conducted for the six Conveyance Scenarios and three Alignment 
Options.  A Hazen-Williams coefficient of C=130 was utilized for pipelines with a diameter 
greater than 12-inches and a C=120 for pipelines with a diameter of 12-inches or less.  The 
calculated total head loss (friction and minor losses) for delivery from the SBWRP to the 
spreading basins varied from approximately 90 to 100 feet.  Hydraulic profiles for Conveyance 
Scenarios 1-6 are shown on Figures 6-1 to 6-9. 
 
6.1 ADVANCED TREATED WATER CONVEYANCE FACILITIES 
 
Conveyance Scenarios 1 through 4 include advanced treated water facilities.  Operations for 
each conveyance scenario for advanced treated water were considered to develop the hydraulic 
analysis and are described below. 
 
Conveyance Scenario 1 – Advanced treated water will be produced at the SBWRP with brine 
concentrate discharged to the IEBL and product water delivered to a finished water storage 
tank on site (Storage Tank 1-2).  The finished water storage tank was sized for distribution of 
MDD to direct use northern customers.  Peak hour direct use demands can be met with the 
storage volume.  Seasonal direct use demands will fluctuate and can be addressed by adjusting 
flows to Recharge Basins.  The pump station (Pump Station 1-2) will be located on site and will 
use Storage Tank 1-2 as the forebay and will pump to direct use northern customers, Storage 
Tank 1-3, and to the Recharge Basins.  The delivery to multiple locations allows flexibility to 
serve varying direct use demands and overall annual input to the Recharge Basins.  Pressure to 
Storage Tank 1-3 will be reduced with a pressure regulating valve (PRV).  Storage Tank 1-3 will 
serve a selected group of direct users in an intermediate location along the alignment.     
 
Conveyance Scenario 2 – Advanced treated water will be produced at the SBWRP with brine 
concentrate discharged to the IEBL and product water delivered to a finished water storage 
tank on site (Storage Tank 2-2).  The finished water storage tank was sized for distribution of 
MDD to a portion of direct use northern customers.  Peak hour direct use demands can be met 
with the storage volume.  The pump station (Pump Station 2-2) will be located on site and will 
use Storage Tank 2-2 as the forebay and will pump to a portion direct use northern customers 
and Storage Tank 2-3.  Storage Tank 2-3 will be located at an intermediate location along the 
alignment and will serve a selected group of direct users.  Pump Station 2-3 will be located at 
the same intermediate location and will use Storage Tank 2-3 as a forebay and will pump to a 
portion of direct use northern customers and to the Recharge Basins.  Seasonal direct use 
demands will fluctuate and can be addressed by adjusting overall flows to the Recharge Basins. 
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Conveyance Scenario 3 – Advanced treated water will be produced at the SBWRP with brine 
concentrate discharged to the IEBL and product water delivered to a finished water storage 
tank on site (Storage Tank 3-2).  The finished water storage tank was sized as a forebay only for 
Pump Station 3-2.  The pump station (Pump Station 3-2) will be located on site and will use 
Storage Tank 3-2 as the forebay and will pump to the Recharge Basins.  
 
Conveyance Scenario 4 – Advanced treated water will be produced at the SBWRP with brine 
concentrate discharged to the IEBL and product water delivered to a finished water storage 
tank on site (Storage Tank 4-2).  The finished water storage tank was sized as a forebay only for 
Pump Station 4-2.  The pump station (Pump Station 4-2) will be located on site and will use 
Storage Tank 4-2 as the forebay and will pump to Storage Tank 4-4.  Storage Tank 4-4 will be 
located at an intermediate location along the alignment and will allow two head lifts of 
advanced treated water to reduce pipeline pressures.  Pump Station 4-4 will be located at the 
same intermediate location and will use Storage Tank 4-4 as a forebay and will pump to the 
Recharge Basins. 
 
6.2 RECYCLED WATER CONVEYANCE FACILITIES 
 
Conveyance Scenarios 1 through 6 include recycled water facilities.  Operations for each 
conveyance scenario were considered for recycled water to develop the hydraulic analysis and 
are described below. 
 
Conveyance Scenarios 1 and 2 – Recycled water will be produced at the SBWRP with product 
water delivered to a finished water storage tank on site (Storage Tank 1-1 or 2-1).  The finished 
water storage tank was sized for distribution of MDD to direct use customers near the SBWRP.  
Peak hour direct use demands can be met with varying pumping rate.  Seasonal direct use 
demands will fluctuate and can be addressed by varying the tertiary water produced at the 
treatment plant, releasing excess tertiary water to the RIX facility and Santa Ana River, or 
providing a large seasonal storage tank.  The pump station (Pump Station 1-1 or 2-1) will be 
located on site and will use the finished water storage tank as the forebay and will pump to 
direct use customers near the SBWRP. 
 
Conveyance Scenario 3 and 4 – Recycled water will be produced at the SBWRP with product 
water delivered to a finished water storage tank on site (Storage Tank 3-1 or 4-1).  The finished 
water storage tank was sized for distribution of MDD to direct use customers near the SBWRP 
and as a forebay for pumping to northern direct use customers.  Peak hour direct use demands 
can be met with varying pumping rate.  The pump station (Pump Station 3-1 or 4-1) will be 
located on site and will use the finished water storage tank as the forebay and one set of pumps 
will pump to direct use customers near the SBWRP, and another set of pumps will pump to 
direct use northern customers and a northern storage tank (Storage Tank 3-3 or 4-3).  Peak hour 
direct use northern customer demands will be met with Storage Tank 3-3 or 4-3.  Storage Tank 
3-3 or 4-3 will be located at a northern location along the alignment and will serve direct use 
northern customers.  Pump Station 3-3 or 4-3 will be located at the same northern location and 
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will use northern storage tank (Storage Tank 3-3 or 4-3) as a forebay and will pump to the 
Recharge Basins.  Seasonal direct use demands will fluctuate and can be addressed by adjusting 
overall flows to the Recharge Basins. 
 
Conveyance Scenario 5 – Recycled water will be produced at the SBWRP with product water 
delivered to a finished water storage tank on site (Storage Tank 5-1).  The finished water storage 
tank was sized for distribution of MDD to direct use customers near the SBWRP.  Peak hour 
direct use demands can be met with varying pumping rate.  The pump station (Pump Station 5-
1) will be located on site and will use the finished water storage tank as the forebay and one set 
of pumps will pump to direct use customers near the SBWRP, and another set of pumps will 
pump to direct use northern customers, Storage Tank 5-2, the Recharge Basins, and to advanced 
treatment at the Recharge Basins.  The delivery to multiple locations allows flexibility to serve 
varying direct use demands and overall annual input to the Recharge Basins.  Pressure to 
Storage Tank 5-2 will be reduced with a pressure regulating valve (PRV).  Storage Tank 5-2 will 
serve a selected group of direct users in an intermediate location along the alignment.  Seasonal 
direct use demands will fluctuate and can be addressed by adjusting overall flows to the 
Recharge Basins.  A pipeline will be required to convey brine from the advanced treatment at 
the Recharge Basins to the SBWRP and IEBL.   
 
Conveyance Scenario 6 – Recycled water will be produced at the SBWRP with product water 
delivered to a finished water storage tank on site (Storage Tank 6-1).  The finished water storage 
tank was sized for distribution of MDD to direct use customers near the SBWRP.  Peak hour 
direct use demands can be met with varying pumping rate.  The pump station (Pump Station 6-
1) will be located on site and will use the finished water storage tank as the forebay and one set 
of pumps will pump to direct use customers near the SBWRP, and another set of pumps will 
pump to direct use northern customers and Storage Tank 6-2.  Storage Tank 6-2 will serve a 
selected group of direct users in an intermediate location along the alignment.  Pump Station 6-
2 will be located at the same intermediate location and will use Storage Tank 6-2 as a forebay 
and will pump to a portion of direct use northern customers, to the Recharge Basins, and to 
advanced treatment at the Recharge Basins.  Seasonal direct use demands will fluctuate and can 
be addressed by adjusting overall flows to the Recharge Basins.  A pipeline will be required to 
convey brine from the advanced treatment at the Recharge Basins to the SBWRP and IEBL. 
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7.0 FACILITY REQUIREMENTS 
 
As discussed in the preceding sections, there will be pumping facilities located at the SBWRP 
and, depending on the conveyance scenario that is selected, there may be intermediate pump 
station and reservoir sites between the SBWRP and the Recharge Basins.  To assist the SBMWD 
in determining the facility space and land acquisition requirements, we have developed typical 
site layouts for a reservoir site, a pumping station site, and a site which combines both facilities. 
 
7.1 TYPICAL STORAGE RESERVOIR SITE 
 
It is assumed that an individual storage reservoir site would include one circular reservoir 
constructed of either welded steel or prestressed concrete.  In order to determine typical site 
requirements, we have assumed the following: 

 
 Minimum 25-foot clear drivable access around entire reservoir. 
 One side of reservoir to have 45-foot clear space to ensure space for yard piping, valve 

vaults, electrical equipment and vehicle access.  
 Landscaping buffer 10 feet wide on all sides. 
 30-foot-wide driveway access and 20-foot wide gate. 
 Fencing on property lines and right-of-way line. 

 
The minimum amount of land required will be dependent on the size of storage reservoir, as 
shown on Figure 7-1.  For example, a 100-foot diameter reservoir will require a parcel with 
minimum dimensions of 170 feet x 190 feet, or approximately 0.75 acres. 
 
7.2 TYPICAL PUMPING STATION SITE 
 
It is assumed that an individual pumping station site would include a simple rectangular 
building of concrete masonry unit (CMU) block construction.  It is anticipated that the building 
will house pumps and electrical equipment.  In order to determine typical site requirements, we 
have assumed the following: 

 
 Minimum 25-foot clear drivable access around entire building. 
 50-foot clear space from the building on two sides to ensure space for yard piping, valve 

vaults, flow meter, surge tank, electrical equipment, and space provisions for connecting 
a portable backup generator. 

 Landscaping buffer 10 feet wide on all sides. 
 30-foot-wide driveway access and 20-foot wide gate. 
 Fencing on property lines and right-of-way line. 
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The minimum amount of land required will be dependent on the size of the building, as shown 
on Figure 7-1.  For example, a 20 foot x 40 foot building will require a parcel with minimum 
dimensions of 115 feet x 135 feet, or approximately 0.36 acres. 
 
7.3 TYPICAL COMBINED STORAGE RESERVOIR/PUMPING STATION SITE 
 
Two optional configurations have been developed for a site that combines a storage reservoir 
and pump station.  It is assumed that the site would accommodate one circular reservoir 
constructed of either welded steel or prestressed concrete, and one rectangular CMU block 
pump building.  The difference between the options is the orientation of the pump building as 
shown on Figure 7-2.  In order to determine typical site requirements, we have assumed the 
following: 

 
Option A 

 Minimum 25-foot clear drivable access around entire reservoir and building footprints. 
 A minimum of 40 feet clear between the reservoir and pump building. 
 A 50-foot clear area immediately in front of the access driveway to ensure space for yard 

piping, valve vaults, flow meter, surge tank, electrical equipment, and space provisions 
for connecting a portable backup generator. 

 Landscaping buffer 10 feet wide on all sides. 
 30-foot-wide driveway access and 20-foot wide gate. 
 Fencing on property lines and right-of-way line. 

 
The minimum amount of land required will be dependent on the sizes of the reservoir and 
building, as shown on Figure 7-2.  For example, a 100 foot diameter reservoir and a 20 foot x 40 
foot building will require a parcel with minimum dimensions of 170 feet x 250 feet, or 
approximately 0.98 acres. 

 
Option B 

 Minimum 25-foot clear drivable access around entire reservoir and building footprints. 
 A minimum of 40 feet clear between the reservoir and pump building. 
 A 50-foot clear area immediately in front of the access driveway to ensure space for yard 

piping, valve vaults, flow meter, surge tank, electrical equipment, and space provisions 
for connecting a portable backup generator. 

 Landscaping buffer 10 feet wide on all sides. 
 20-foot-wide driveway access centered between the reservoir and pump building. 
 Fencing on property lines and right-of-way line. 
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The minimum amount of land required will be dependent on the sizes of the reservoir and 
building, as shown on Figure 7-2.  For example, a 100 foot diameter reservoir and a 20 foot x 40 
foot building will require a parcel with minimum dimensions of 170 feet x 240 feet, or 
approximately 0.94 acres. 
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8.0 PIPELINE ALIGNMENT ANALYSIS 
 
8.1 OVERVIEW 
 
An alignment analysis was conducted to evaluate potential transmission pipeline alignments 
between the SBWRP and the Recharge Basins, located approximately seven miles north.  As 
part of this study, a Conveyance Facility Corridor was identified that provides a relatively 
direct route from the SBWRP to the Recharge Basins.  To develop general pipeline alignment 
options within the Corridor, a total of 27 segments were identified in public streets and along 
the San Bernardino County Flood Control District right-of-way (shown on Figures 4-1 to 4-5).   
 
The SBMWD then identified four preferred Alignment Options, which were analyzed in further 
detail and subsequently refined.  This analysis included identifying agency and regulatory 
requirements associated with the transmission pipeline facilities, reviewing existing record 
information, identifying existing utilities for each alignment, and developing cross-sections to 
depict critical crossings.  The refined Alignment Options are shown on Figures 8-1 and 8-2, and 
their lengths are summarized on Table A-2 in Appendix A.  An evaluation of the preferred 
Alignment Options, based on the evaluation factors and rating of each alignment, is presented 
in this Section. 
 
8.2 POTENTIAL CORRIDORS/SEGMENTS 
 
There are four preferred alignments for the various transmission pipeline segments.  For 
Conveyance Scenarios with two pipelines (Scenarios 3 through 6), Alignment Options are 
described below.  For Conveyance Scenarios with one combined pipeline (Scenarios 1 and 2), 
only one pipeline would be constructed in Alignment Option 1, 2, or 3. 
 

1. Alignment Option 1 - Two pipelines (recycled water and advanced water) in 
one trench along Twin Creek channel. 

2. Alignment Option 2 - Two pipelines (recycled water and advanced water) along 
public streets.  Streets include Arrowhead Avenue, Sierra Way, Crestview 
Avenue, and Valencia Avenue.   

3. Alignment Option 3 - Two pipelines (recycled and advanced) along public 
streets.  Streets include Arrowhead Avenue, Sierra Way, and Waterman 
Avenue.   

4. Alignment Option 4 - Consists of Alignment Option 1 for the advanced pipeline and 
Alignment Option 2 for recycled pipeline. 
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Additional distribution pipelines are required to deliver recycled water to direct reuse 
customers.  These distribution pipelines would connect to the transmission pipeline and each 
direct reuse customer.   
 
Pump station and storage tanks would be located within the Conveyance Facility Corridor near 
the pipeline alignment.  Conveyance Scenarios include pump stations and/or storage tanks at 
intermediate and/or northern locations.  Potential pump station/storage tank sites are discussed 
in Section 9. 
 
8.3 AGENCY REQUIREMENTS 
 
Agency requirements associated with the transmission and distribution pipelines primarily 
include SBMWD and SBCFCD requirements.  Pipeline design criteria for the SBMWD are 
discussed in Section 5.  Where the alignment crosses another agency’s facility, such as Caltrans 
or a railroad, these agencies also have specific requirements for construction of the pipeline. 
 

 SBMWD – The criteria for design and location of pipelines are defined in SBMWD’s 
Design Standards.  These standards indicate that pipelines should be located no closer 
than 3 feet horizontally from gas mains, should have a horizontal separation of 10 feet 
between potable and non-potable water lines, and should have a vertical separation of 
12 inches between potable and non-potable water lines. The SBMWD Water and Sewer 
Separation Standards are shown on SBMWD Drawing Number W6.14, included in 
Appendix F. 
 

 SBCFCD – The SBCFCD only allows installation of other agency pipelines within their 
right of way or property through a license agreement.  The location of pipelines should 
be as close to property lines and as far away from drainage features or flood control 
channels as possible.  It is advised that pipelines crossing a drainage feature consider 
sediment transport analysis to determine depth of cover.  For pipelines that cross a fixed 
flood control channel, the pipeline is typically mounted on a bridge, but is required to be 
above the 100-year flood design flow level of the channel with no obstructions. 
 

 Caltrans – Caltrans has very specific requirements for submittal of proposed pipeline 
crossings of its freeway right of way.  Requirements include: (1) the pipeline must cross 
perpendicular to the freeway right-of-way at no more than 15 degree skew from 
perpendicular, (2) the pipeline must be within a steel casing pipeline, and (3) the top of 
the steel casing pipeline must be at least 15 feet below any part of the freeway (freeway 
road base or bridge abutment).  The proposed CWF Project pipeline alignments cross 
Caltrans Highway 210.  Alignment Option 1 would cross Highway 210 near a bridge 
abutment of the Highway 210 crossing of East Twin Creek Channel and the pipeline 
would need to meet Caltrans guidelines for separation from bridge abutments.  
Alignment Option 2 would cross Highway 210 near the Valencia Avenue bridge and 
further coordination would be required to evaluate whether one or both pipelines could 



 

 
 
July 2012 8-3 Summary Report 

be installed within spare bridge cells designated for future pipelines.  Alignment Option 
3 would cross Highway 210 near the Waterman Avenue bridge and further coordination 
would be required to evaluate whether one or both pipelines could be installed within 
spare bridge cells designated for future pipelines. 
     

 Railroad – Each pipeline alignment option has one railroad crossing.  This railroad is 
currently owned by the San Bernardino Association of Governments (SANBAG) and 
operated by Burlington Northern Santa Fe Railway Company (BNSF).  It is utilized as a 
regional rail line for freight delivery (designated as Southern California Regional Rail - 
A).  There are specific requirements for submittal of proposed pipeline crossings of 
railroads.  Design of pipeline crossings of railroads are generally determined by the 
utility agency with review by the railroad, but typically require bore and jack crossings 
to minimize service interruption and compliance with standards of practice.     

 
8.4 REGULATORY REQUIREMENTS 
 
Regulatory requirements associated with the transmission and distribution pipeline primarily 
include the CDPH.  There are specific requirements for recycled water distribution and use. 
 

 CDPH – The location of the pipeline alignments require specific separation distances 
between recycled water pipelines and potable water pipelines (Title 22 California Code 
of Regulations, Water Main Installation, Section 64630 and Water Main Separation, 
Section 64572).  These requirements require that new potable water mains be installed at 
least 10 feet horizontally and 1 foot vertically above any parallel pipeline conveying 
recycled water and 4 feet horizontally and 1 foot vertically above any parallel pipeline 
conveying advanced treated water.  At crossings, new potable water mains shall be 
installed at least one foot above a recycled or advanced treated water pipeline with no 
joints within 8 feet.  These conditions can be applied for separation when installing new 
recycled or advanced treated water pipelines.  Alternative criteria are permitted for 
special situations that allow installation in closer proximity by utilizing special pipe 
material, using a continuous sleeve, or requiring no joints within a specified distance. 
The SBMWD has adopted these separation requirements as shown on SBMWD Drawing 
Number W6.14 in Appendix F.      

 
8.5 ALIGNMENT EVALUATION CRITERIA 
 
Critical evaluation factors relative to the construction and operation of the transmission pipeline 
alignments were developed to evaluate the advantages and disadvantages of each pipeline 
alignment option. Each factor was evaluated and rated using an established rating system.  
Pipeline Alignment Options with advantages were rated higher and those with disadvantages 
were rated lower.  Eleven critical evaluation factors were developed for the Alignment Options: 
right of way, agency coordination/permitting, community impacts/duration, traffic, utilities, 
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special crossings, constructability, land development, direct use customers, construction costs, 
and operations and maintenance (O&M) costs. 
 
8.5.1 Right of Way 
 
This criterion was used to evaluate the available right of way width for construction and 
maintenance of the various pipeline options.  For dual pipelines in the same trench or two 
separate pipe trenches, an estimated 25 feet right of way width would allow for shored 
construction with space for equipment adjacent to the trench (an additional 10 feet would allow 
for passing equipment).  Right of way width for short segments of pipeline could utilize a 
minimum right of way width of 20 feet.  In roadways, sufficient width is typically available 
with consideration of overall roadway width and potential lane closures.  Within the East Twin 
Creek Flood Control Channel, sufficient width was evaluated within the existing right of way.  
Alignment Options with wider available right of way width were rated higher than those with 
restricted right of way width. 
 
8.5.2 Agency Coordination/Permitting 
 
The location of pipeline alignment may require coordination with other agencies for right of 
way acquisition (i.e. a license agreement with the SBCFCD).  The location of the pipeline may 
require other special permitting such as crossing a highway or railroad.  Alignment Options 
without significant agency coordination and permitting requirement were rated higher than 
those with significant requirements. 
 
8.5.3 Direct Use Customers 
 
This criterion was used to evaluate the proximity for the Alignment Options to potential direct 
use customers.  Alignment Options located closer to direct use customers were rated higher 
than Alignment Options that would require additional distribution piping to direct use 
customers. 
 
8.5.4 Community Impacts/Duration 
 
This criterion was used to evaluate potential impacts to the community considering residential, 
commercial, parks, golf course, schools, churches, and other land uses in relation to the pipeline 
construction and maintenance.  The estimated duration of construction was considered for the 
impacts to community uses such as streets, parks, and businesses.  Alignment Options with 
fewer community impacts and shorter construction duration were rated higher than those with 
more community impacts or longer duration. 
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8.5.5 Traffic 
 
The potential impacts to traffic were evaluated considering average daily traffic counts for each 
street along a pipeline segment.  The traffic impacts at intersections were also considered for 
pipeline alignments.  Alignment Options with fewer traffic impacts were rated higher than 
those with more traffic impacts. 
 
8.5.6 Utilities 
 
A number of utilities were identified to exist in the Conveyance Facility Corridor including 
overhead utilities (power, phone, and cable), storm drains, water lines, sewer lines, 
underground electrical lines, petroleum fuel lines, high pressure gas lines, and buried 
communication lines. The utility information was obtained through utility research and 
investigation by contacting multiple agencies and visual observance. The number, location, size, 
and type of crossing or parallel utility impact the construction and maintenance of the proposed 
pipeline.  Most of the utility crossings were considered to be minor and not expected to result in 
difficult construction or relocation of the proposed pipeline alignment or utility. However, if 
significant or multiple parallel utilities would require a relocation of a utility or proposed 
pipeline alignment, the segment was assigned a lower rating. 
 
8.5.7 Special Crossings 
 
Special crossing were defined as pipeline crossings of major drainage facilities, storm water 
channels, wetlands, high pressure gas pipelines, petroleum pipelines, freeways, and railroads.  
These special crossings were identified for each pipeline segment and were evaluated for level 
of impact.  Tunneling or trenchless technology would be required for any major highway 
crossing, major storm drain crossing, or railroad crossing and in areas requiring deep 
excavations.  Alignment Options with fewer special crossings were rated higher than those with 
a greater number of special crossings. 
 
8.5.8 Constructability 
 
The overall constructability of the pipeline segment was evaluated considering access for 
equipment, staging areas, material storage, slope of construction, cross slopes, and work hour 
restrictions (i.e. schools, traffic, etc.).  Areas with limited space for construction access, 
equipment, and material storage would result in a more difficult working environment and 
could require specialty construction equipment and/or additional time to construct.  Such areas 
were rated less favorably. 
 
8.5.9 Land Condition 
 
This factor represents the type of use of land and developments on the land in the location of 
the pipeline segment.  Land conditions include open grade (dirt or grass surface), vegetated, 
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sensitive habitat, asphalt paved road, concrete road, and buildings/structures.  Each Alignment 
Option was evaluated based on the land condition with a higher rating for Alignment Options 
with open country and lower rating for impacts to roadways, buildings/structures, and 
sensitive habitat. 
 
8.5.10 Construction Costs 
 
The estimated construction cost of pipeline segments was evaluated.  Alignment Options were 
rated based on their relative estimated construction costs. 
 
8.5.11 Operation and Maintenance Costs 
 
The estimated O&M cost of pipeline segments was evaluated.  Alignment Options were rated 
based on their relative estimated construction costs. 
 
8.6 ALIGNMENT SEGMENT SCREENING 
 
A total of 27 pipeline segments were initially identified as possible alignment routes from the 
SBWRP to the Recharge Basins. Some pipeline segments were determined to have distinct 
disadvantages when compared to similar pipeline segments in the same vicinity.  Based on 
input from SBMWD and various stakeholders, four preferred Pipeline Alignment Options were 
identified for further consideration in the Report. 
 
8.7 ALIGNMENT DESCRIPTIONS 
 
8.7.1 Pipeline Alignment Option 1 
 
Pipeline Alignment Option 1 would consist of two pipelines (recycled water and advanced 
water) in one trench along Twin Creek channel (for Conveyance Scenarios 3 or 4).  For 
Conveyance Scenarios 5 or 6, the two pipelines would be a recycled water pipeline and a brine 
pipeline in one trench along Twin Creek channel.  For Conveyance Scenarios 1 or 2, this option 
would consist of one pipeline along Twin Creek channel (advanced water).  A brief summary of 
the estimated length and description by segment for Pipeline Alignment Option 1 is shown in 
Table 8-1. 
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Table 8-1 
Pipeline Alignment Option 1 

 

Segment 
No. 

Length 
(ft) Description 

1 1,400 Twin Creek Channel 

5 6,410 Twin Creek Channel, Twin Creek Channel Crossings, 
Street Crossings, Railroad Crossing 

10 11,320 Twin Creek Channel, Street Crossings 

18 5,600 Twin Creek Channel, Street Crossings, Perris Hill 
Park 

24 11,290 Twin Creek Channel, Street Crossings, Highway 210 
Crossing, East Twin Creek Spreading Grounds 

27 3,260 Waterman Basins 

TOTAL 39,280   

 
8.7.2 Pipeline Alignment Option 2 
 
Pipeline Alignment Option 2 would consist of two pipelines (recycled water and advanced 
water) along public streets including Arrowhead Avenue, Sierra Way, Crestview Avenue, and 
Valencia Avenue (for Conveyance Scenarios 3 or 4).  For Conveyance Scenarios 5 or 6, the two 
pipelines would be a recycled water pipeline and a brine pipeline.  For Conveyance Scenarios 1 
or 2, this option would consist of one pipeline (advanced water) along the same public streets.  
A brief summary of the estimated length and description by segment for Pipeline Alignment 
Option 2 is shown in Table 8-2. 

 
Table 8-2 

Pipeline Alignment Option 2 
 

Segment 
No. 

Length 
(ft) Description 

1 1,400 Twin Creek Channel 

2 950 West Orange Show Road 

4 7,710 Arrowhead Avenue, Railway Crossing 

8 1,370 West Rialto Avenue 

11 7,460 Sierra Way 

13 1,930 East Baseline Street 

14 1,590 East Baseline Street 
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Table 8-2 (continued) 
Pipeline Alignment Option 2 

 
Segment 

No. 
Length 

(ft) Description 

17 4,660 Crestview Avenue 

20 1,100 East 21st Street and Valencia Avenue 

23 10,580 Valencia Avenue, Bridge over Highway 210 

26 890 East 40th Street 

27 3,260 Waterman Basins 

TOTAL 42,900   
 

8.7.3 Pipeline Alignment Option 3 

Pipeline Alignment Option 3 would consist of two pipelines (recycled water and advanced 
water) along public streets including Arrowhead Avenue, Sierra Way, and Waterman Avenue 
(for Conveyance Scenarios 3 or 4).  For Conveyance Scenarios 5 or 6, the two pipelines would be 
a recycled water pipeline and a brine pipeline.  For Conveyance Scenarios 1 or 2, this option 
would consist of one pipeline (advanced water) along the same public streets.  A brief summary 
of the estimated length and description by segment for Pipeline Alignment Option 3 is shown in 
Table 8-3. 

Table 8-3 
Pipeline Alignment Option 3 

 

Segment 
No. 

Length 
(ft) Description 

1 1,400 Twin Creek Channel 

2 950 West Orange Show Road 

4 7,710 Arrowhead Avenue, Railway Crossing 

8 1,370 West Rialto Avenue 

11 7,460 Sierra Way 

13 1,930 East Baseline Street 

16 5,310 Waterman Avenue 

22 10,570 Waterman Avenue, Bridge over Highway 210 

25 1,890 East 40th Street 

26 890 East 40th Street 



 

 
 
July 2012 8-9 Summary Report 

Table 8-3 (continued) 
Pipeline Alignment Option 3 

 
Segment 

No. 
Length 

(ft) Description 

27 3,260 Waterman Basins 

TOTAL 42,740   

 
8.7.4 Pipeline Alignment Option 4 

 
Pipeline Alignment Option 4 would consist of two pipelines using the alignment from Pipeline 
Alignment Option 1 for the advanced water pipeline and the alignment from Pipeline 
Alignment Option 2 for the recycled water pipeline (for Conveyance Scenarios 3 or 4).  Pipeline 
Alignment Option 4 does not apply for Conveyance Scenarios 1, 2, 5, or 6.   
 
8.7.5 Distribution Pipeline System 
 
The proposed distribution pipeline systems that would be required to serve the potential direct 
use customers from the main transmission pipelines were developed for each Alignment 
Option. The distribution pipeline systems were optimized to minimize the distribution pipeline 
lengths and diameters, as well as to limit the number of special crossings required. Distribution 
pipeline diameters were sized based on a maximum allowable velocity of 6 feet per second 
under peak hour demands. An absolute minimum diameter criterion of 8-inches was utilized 
per SBMWD requirements. It should be noted that since Alignment Options 2 and 4 share the 
same recycled water Alignment Option, they also share the same distribution pipeline system. 
A summary of the distribution pipeline diameters and lengths required for each Alignment 
Option is presented in Table 8-4. The distribution pipeline systems are shown on Figures 8-3 
through 8-8. 
 

Table 8-4 
Distribution Pipeline Summary 

 
Alignment  
Option 1 

Alignment  
Options 2 & 4 

Alignment  
Option 3 

Diameter 
(in) 

Length 
(ft) 

Diameter 
(in) 

Length 
(ft) 

Diameter 
(in) 

Length 
(ft) 

8 93,400 8 80,400 8 74,000 
10 14,300 10 9,500 10 11,100 

Total 107,700 Total 89,900 Total 85,100 
 



 

 
 
July 2012 8-10 Summary Report 

8.8 ALIGNMENT CROSS-SECTIONS 
 
Detailed cross-sections were prepared for the anticipated most-critical areas along each pipeline 
alignment option to identify existing utilities and verify that adequate space would be available 
for construction of one or two proposed pipelines within the alignment corridor.  Cross-section 
cuts are shown on Figures 8-1 and 8-2 and are labeled with the pipeline alignment option 
number and section cut letter (i.e. Section 2E is a section E of Pipeline Alignment Option 2).  
Cross-sections are shown on Figures 8-9 to 8-35. 
 
Based on the evaluation of the alignment cross-sections, the following findings were made: 

 
 Alignment Option 1 has adequate space for construction of two pipelines in a common 

trench for the length of the alignment.  Due to an existing 78-inch storm drain along the 
north/west side of the Twin Creek Channel near Mill Street, the proposed alignment 
crosses to the east/south of the channel just south of Central Avenue, and then crosses 
back over just east of Waterman Avenue. Also, one area near E. Highland Avenue 
shown on Figure 8-15 (Section 1G) has a narrow width with an existing power pole that 
would likely require relocation.  
 

 Alignment Option 2 has adequate space for construction of two pipelines in a common 
trench for the length of the alignment.   
 

 Alignment Option 3 has limited space in at least one section of the pipeline alignment 
that would require the relocation of a 12-inch waterline in Waterman Avenue between 
Gilbert Street and Wabash Street as shown on Figure 8-31 (Section 3G) in order to 
construct two pipelines in a common trench for the length of the alignment.  Insufficient 
separation is available to construct the pipelines in separate trenches. 

 
 Alignment Option 4 has adequate space for construction of the advanced water pipeline 

along the alignment for Alignment Option 1 and adequate space for construction of the 
recycled water pipeline along the alignment for Alignment Option 2. 

 
8.9 SPECIAL CROSSINGS 
 
Several special crossings were identified that may require special construction methods or have 
strict agency construction restrictions.  Special crossings include major drainage facilities, storm 
drain channels, high pressure gas pipelines, freeways, and railroads, as described below.  
 

 Major Drainage Facilities – In areas where the pipeline crosses an open drainage 
channel, design should consider sediment transport analysis to determine depth of cover 
over the pipeline. 
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 Storm Drain Channels – In areas where the pipeline crosses a storm drain channel, the 
pipeline will likely be deep and have limited access.  In these areas, it is recommended 
that the pipeline be placed in a casing to protect the pipe and allow easier access for 
maintenance. 
 

 High Pressure Gas Pipelines – These crossings are a safety concern and require 
identification and protection during construction.  Mark-out and support of high 
pressure gas pipelines are crucial during construction of the new crossing pipeline.   
 

 Freeway – all of the Alignment Options cross Highway 210.  Plan view exhibits were 
developed to indicate a preliminary crossing methodology using an 84-inch steel casing 
pipe with both the advanced water and recycled water pipelines within the steel casing 
(See Caltrans Crossing 1I, 2I, and 3H on Figures 8-17, 8-29, and 8-32).  Alternatively, one 
or both of the proposed pipelines may be able to be constructed within the existing 
bridge cells at the Valencia Ave. and Waterman Ave bridge crossings of Highway 210.  
Caltrans agency requirements are described in Section 8.3. 
 

 Railroad - All of the Alignment Options cross the railroad, which is owned by the 
SANBAG and operated by BNSF.  Cross-sections were developed to indicate a 
preliminary crossing methodology using a steel casing pipe with the advanced water 
and recycled water pipeline within the steel casing (See Cross-Sections 1B, 2D, and 3D 
on Figures 8-10, and 8-24).  Railroad agency requirements are described in Section 8.3. 

 
8.10 ALIGNMENT EVALUATION RATING 
 
Criterium Decision Plus, a Windows based software program, was used to assist in the 
evaluation process.  Decision Plus is a decision management tool that helps organize, complete, 
and communicate complex decision-making tasks.  Criterium Decision Plus was used to list the 
decision criteria developed with input from the SBMWD.  The decision criteria were then 
applied to the Alignment Options.  Evaluation factors and their weighting factors were 
determined in a workshop format with the SBMWD, and scores for the various options were 
identified.  Evaluation criteria are presented in Section 8.5.  This section presents the rating 
system used in the evaluation of the different criteria for Alignment Options. 
 
Each pipeline alignment option was rated based upon its ability to satisfy the project objectives. 
The options were rated using a scale of 1 to 5 as shown in Table 8-5 with a higher rating 
indicating a more favorable scenario or option. 
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Table 8-5 
Definition of Rating System 

Definition Rating 

Satisfies project objectives with significant noted advantages 5 
Satisfies project objectives with noted advantages 4 
Satisfies project objectives 3 
Satisfies project objectives with noted disadvantages 2 
Satisfies project objectives with significant noted disadvantages 1 

 
Each evaluation criteria was then assigned a weight representing the importance of the criterion 
on a scale of 1 to 5.  A higher weight represents more important criteria as shown in         Table 
8-6.   

 
Table 8-6 

Definition of Weighting System 
 

Definition Rating 

Critical Importance 5 
Significant Importance 4 
Important 3 
Low Importance 2 
Least Importance 1 

 
Evaluation criteria weightings for Pipeline Alignment Options are shown in Table 8-7. 
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Table 8-7 
Pipeline Alignment Options Criteria Weighting 

 
Evaluation Criteria Weight 

Right of Way 3 
Agency Coordination/Permitting 3 
Community Impacts/Duration 4 
Traffic 3 
Utilities 2 
Special Crossings 2 
Constructability 4 
Land Development 2 
Direct Use Customers 3 
Construction Costs 5 
O&M Costs 5 

 
A score for each evaluation criterion was calculated by multiplying the rating and the weight.  
A higher score indicated a more favorable option.  The overall scores were compared for each 
option.  The overall score is a good indication as to which options are the best match for 
meeting the project objectives.     
 
Since the overall score may not add up to 100, a weighted score was calculated for each option. 
The overall scores were converted to percentages; therefore the ideal score would have value of 
100 percent.  The higher the weighted score of the option, the closer that option would come to 
meeting all the project objectives considering the criteria impacting the decision. 
 
Utilizing Criterium Decision Plus, a decision score was calculated with an ideal score of 1.00.  The 
higher the decision score of the option, the closer that option would come to meeting all the 
project objectives considering the criteria impacting the decision.  Weighted scores and decision 
scores were similar, but since Criterium Decision Plus utilizes a more complex integrated rating 
and ranking system, the decision score was considered in evaluating the rank. 
 
The highest decision score is considered the highest ranked or preferred option.  Ranks were 
then assigned to the remaining options in the order of highest score to lowest score. 
 
Each of the four potential Pipeline Alignment Options was evaluated, rated, and ranked.  
Ranking results are listed in Table 8-8 and depicted graphically in Figure 8-36, and discussed 
briefly below.   
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Table 8-8 
Pipeline Alignment Options Evaluation and Ranking 

 
 

Evaluation 
Factor 

 

 
Pipeline Alignment 1 

 
Pipeline Alignment 2 

 
Pipeline Alignment 3 

 
Pipeline Alignment 4 

Right of Way 
Weight = 3 

East Twin Creek 
Flood Control 

Channel; 
Some limited width 

Rating = 3 

Mostly wider streets; 
Some lane closure 

restrictions 
Rating = 4 

Mostly wider streets; 
Some lane closure 

restrictions 
Rating = 4 

Combined Channel 
and streets 
Rating = 2 

Score = 9 Score = 12 Score = 12 Score = 6 
Agency 
Coordination/ 
Permitting 
Weight = 3 

Requires License 
Agreement with 

SBCFCD 
Rating = 3 

Within City streets 
Rating = 4 

Within City streets 
Rating = 4 

Combined License 
Agreement and City 

streets 
Rating = 2 

Score = 9 Score = 12 Score = 12 Score = 6 
Direct Use 
Customers 
Weight = 3 

Located at east edge 
of Corridor; longer 
distribution piping 

Rating = 2 

Located in middle of 
Corridor; shorter 

distribution piping 
Rating = 4 

Located at west edge 
of Corridor; shortest 
distribution piping 

Rating = 5 

Located in middle of 
Corridor; shorter 

distribution piping 
Rating = 4 

Score = 6 Score = 12 Score = 15 Score = 12 
Community 
Impacts/ 
Duration 
Weight = 4 

Minimal impacts; 
within Flood Channel 

Rating = 5 

Impacts to 
community; adjacent 

to roads 
Rating = 3 

Impacts to 
community; adjacent 

to roads 
Rating = 3 

Impacts to both Flood 
Channel and 

community near roads 
Rating = 2 

Score = 20 Score = 12 Score = 12 Score = 8 
Traffic 
Weight = 3 

Minimal impacts; 
within Flood Channel 

Rating = 5 

Impacts along 
multiple streets with 

medium traffic 
Rating = 3 

Impact along multiple 
streets with high 

traffic 
Rating = 1 

Impacts at Flood 
Channel crossing and 

along streets with 
medium traffic 

Rating = 3 
 
Utilities 
Weight = 2  
 

Score = 15 Score = 9 Score = 3 Score = 9 
Some crossings and 

parallel utilities 
 Rating = 4 

Multiple crossing and 
parallel utilities 

Rating = 3 

Multiple crossing and 
parallel utilities; 

utility relocations 
Rating = 1 

Crossing at Flood 
Channel and multiple 
crossing and parallel 

utilities in roads 
Rating = 2 

 
Special 
Crossings 
Weight = 2 

Score = 8 Score = 6 Score = 2 Score = 4 
Railroad, Highway 

210 
Rating = 4 

Railroad, Highway 
210 

Rating = 3 

Railroad, Highway 
210 

Rating = 3 

Two Railroad and Two 
Highway 210 

Rating = 3 
 
Constructability 
Weight = 4 

Score = 8 Score = 6 Score = 6 Score = 6 
Limited space; 

standard work hours 
Rating = 4 

Limited space; 
 limited work hours 

Rating = 3 

Limited space, 
 limited work hours 

Rating = 3 

Limited space; 
 limited work hours 

Rating = 3 
 
Land Condition 
Weight = 2 

Score = 16 Score = 12 Score =12 Score =12 
Open land 
Rating = 5 

Paved 
Rating = 3 

Paved 
Rating = 3 

Open land and paved 
Rating = 3 

  



 

 
 
July 2012 8-15 Summary Report 

Table 8-8 (continued) 
Pipeline Alignment Options Evaluation and Ranking 

 
 

Evaluation 
Factor 

 

 
Pipeline Alignment 1 

 
Pipeline Alignment 2 

 
Pipeline Alignment 3 

 
Pipeline Alignment 4 

 
Construction 
Costs* 
Weight = 5 

Score = 10 Score = 6 Score = 6 Score = 6 
$ 93.1 M  

Rating = 5  
$ 118.0 M  
Rating = 2 

$ 116.5 M  
Rating = 2 

$ 101.4 M  
Rating = 4 

 
O &M Costs* 
Weight = 5  

Score = 25 Score = 10 Score = 10 Score = 20 
$ 0.9 M/yr  
Rating = 5 

$ 1.1 M/yr 
Rating = 3 

$ 1.2 M/yr 
Rating = 2 

$ 1.0 M/yr  
Rating = 4 

 
TOTAL 
(Weight = 36) 

Score = 25 Score = 15 Score = 10 Score = 20 
Overall Score 

151 
Overall Score 

112 
Overall Score 

100 
Overall Score 

109 
Weighted 
SCORE 

84% 62% 
 

56% 61% 

DECISION 
SCORE 

0.840 0.620 
 

0.539 0.597 

 
RANK 

 

 
1st 

 
2nd   

 
4th 

 
3rd 

*Construction and O&M costs are based on Pipeline Alignments for either Conveyance Scenario 3 or 4. 
 

Figure 8-36 
Pipeline Alignment Options Evaluation 
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8.10.1 Alignment Option 1 
 
This alignment had the highest score and ranked first.  Primary factors for the evaluation and 
ranking of Alignment Option 1 were the minimal community impacts, traffic impacts, and 
conflicting utilities and land condition.  This alignment also had the lowest capital and O&M 
costs.   
 
8.10.2 Alignment Option 2 
 
This alignment had the second highest score and ranked second.  Primary factors for the 
evaluation and ranking of Alignment Option 2 were an overall average satisfactory ability to 
meet project objectives with some noted advantages in reduced agency coordination and central 
location for connecting distribution pipelines to direct use customers.  However, this alignment 
had high overall construction and O&M costs.    
  
8.10.3 Alignment Option 3 
 
This alignment had the lowest score and ranked forth.  Primary factors for the evaluation and 
ranking of Alignment Option 3 were an overall average satisfactory ability to meet project 
objectives with some noted disadvantages in increased traffic impacts and utility conflicts.  This 
alignment also had high overall construction and O&M costs. 
 
8.10.4 Alignment Option 4 
 
This alignment had the third highest score and ranked third.  Primary factors for the evaluation 
and ranking of Alignment Option 4 were the combined advantages of using Alignment Option 
1 for the advanced pipeline (reduced community impacts, traffic impacts, conflicting utilizes 
and land condition) and benefit of the central location for connecting distribution pipelines to 
direct use customers for Alignment Option 2 for the recycled pipeline.  This alignment also had 
the second lowest capital costs.    
 
8.11 SUMMARY 
 
Based on the evaluation, all of the four Pipeline Alignment Options would be feasible for the 
CWF Project.  There are noted advantages for Alignment Option 1, which ranked the highest in 
the evaluation.  Concurrence with the SBCFCD and compliance with their requirements will be 
imperative in further development and selection of Alignment Option 1 as the preferred 
alignment.  Preliminary meetings with SBCFCD have indicated that pipeline(s) aligned within 
the SBCFCD Twin Creek Flood Channel would be compatible under a license agreement.   
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8.12 COST ESTIMATES  
 
Feasibility-level cost estimates were prepared for the four preferred Pipeline Alignment Options 
based on feasibility-level planning data collected and developed as part of this analysis.  Due to 
the preliminary status of the project, the current unpredictable bidding climate, and estimated 
project schedule, opinions of probable costs should be updated regularly as the project is better 
defined. A contingency of 30 percent was applied to the estimated construction costs to account 
for the preliminary nature of the project.  An additional allocation of 30 percent was made for 
administrative, legal, design, and construction management costs in order to define overall 
project costs.  Utilizing a Class 4 Estimate for feasibility-level estimates as defined by the 
Association for the Advancement of Cost Engineering International (AACEI), an estimated 
range of -15 percent to +30 percent can be expected and an additional contingency of 15 percent 
was applied to the overall project costs.  Finally, with the estimated mid-point of construction in 
three years (March 2015), an escalation cost due to projected inflation at an annual rate of 4 
percent was applied (total inflation for three years equal to 12.5 percent).       
 
Based on the current understanding of the project’s criteria and general assumptions made 
regarding facility locations and configurations, this opinion is intended to provide a  feasibility-
level overall cost.  Unit pipeline costs were based on historical cost data compiled from multiple 
similar pipeline projects and the experience of RBF and Black & Veatch.  This estimate was 
compiled in March 2012 with an Engineering News Record (ENR) – Construction Cost Index 
(CCI) (Los Angeles) of 10,283.55. Therefore, the costs can be updated once the schedule has been 
further defined. Table 8-9 summarizes the feasibility-level costs for each preferred pipeline 
option.  More detailed cost information for each preferred pipeline option is included in 
Appendix D-1. 
 

Table 8-9 
Pipeline Alignment Options Feasibility-Level Cost Estimates 

 
 

Conveyance 
Scenario 

 

 
Pipeline Alignment 

1 

 
Pipeline Alignment 

2 

 
Pipeline Alignment 

3 

 
Pipeline Alignment 

4 

Conveyance 
Scenario 1 or 2 

$68.1 million $79.7 million $78.6 million N/A 

Conveyance 
Scenario 3 or 4 

$94.3 million $117.0 million $115.9 million $100.5 million 

Conveyance 
Scenario 5 or 6 

$91.2 million $112.9 million $111.1 million N/A 
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9.0 PUMP STATION/STORAGE RESERVOIR ANALYSIS 
 
An analysis was conducted to evaluate potential Pump Station/Storage Reservoir Sites within 
the Conveyance Facility Corridor.  Seven preferred Pump Station/Storage Reservoir Sites were 
identified for the various Conveyance Scenarios.  Typical site requirements were identified and 
layouts were developed for each potential site.  Facility power requirements were determined 
and connections to existing power lines were identified.  An evaluation of the preferred Pump 
Station/Storage Reservoir Sites was conducted considering evaluation factors and rating each 
site. 
 
9.1 TYPICAL SITE REQUIREMENTS 
 
Typical facility site requirements were identified in Section 7 for a typical storage reservoir site, 
pumping station site, and combined storage reservoir/pumping station site.  These facility 
requirements were utilized to develop specific site layouts for each of the seven preferred Pump 
Station/Storage Reservoir Sites (see Figures 9-1 to 9-7).    
 
9.2 ALTERNATIVE SITES 
 
There are two potential areas for Pump Station/Storage Reservoir Sites – at an intermediate 
location or at a northern location depending on the conveyance scenario selected.  Different site 
options were identified for each location.  Three intermediate locations (Sites A, B, and C) were 
identified at a point approximately half way from the SBWRP to the Recharge Basins with an 
elevation approximately half way between the SBWRP elevation (Elevation 1,000 feet, amsl) and 
the Recharge Basins elevation (Elevation 1,470 feet, amsl).  Four northern locations were 
identified near the Recharge Basins (Sites D, E, F, and G).  The potential sites were also located 
on open private property or within a City park to minimize impacts to existing structures, 
homes, and commercial businesses.  Storage reservoirs could be above-grade, welded steel; or 
above-grade, partially buried, or buried prestressed concrete.  Specific site options are described 
below:   
 
Intermediate Location 
 

1. Pump Station/Storage Reservoir Site Option A – This site is located at a vacant 
lot at the corner of East 23rd Street and Leroy Street.  It is anticipated that the 
tank would be above-grade welded steel or prestressed concrete. 

2. Pump Station/Storage Reservoir Site Option B – This site is located in Perris Hill 
Park on the northwest corner of the park at the corner of East Highland Avenue 
and Valencia Avenue.  It is anticipated that the tank would be partially buried 
or buried prestressed concrete due to its location within Perris Hill Park at the 
entrance to the park.    



 

 
 
July 2012 9-2 Summary Report 

3. Pump Station/Storage Reservoir Site Option C - This site is located in Perris Hill 
Park at the corner where East Highland Avenue and East Twin Creek Channel 
meet and west of East Twin Creek Channel. It is anticipated that the tank would 
be above-grade welded steel or prestressed concrete since it is located at the 
edge of the park near East Twin Creek Channel. 

Northern Location 
 

1. Pump Station/Storage Reservoir Site Option D – This site is located in Wildwood Park 
along the west of the park where it borders Waterman Avenue.  It is anticipated that the 
tank would be partially buried or buried prestressed concrete due to its location within 
Wildwood Park. 
 

2. Pump Station/Storage Reservoir Site Option E – This site is located in Wildwood Park at 
the southeast corner where it borders East 40th Street.  It is anticipated that the tank 
would be partially buried or buried prestressed concrete due to its location within 
Wildwood Park. 

 
3. Pump Station/Storage Reservoir Site Option F – This site is located adjacent to East Twin 

Creek Spreading Grounds at the corner where East 40th Street and East Twin Creek 
Channel intersect and west of the East Twin Creek Spreading Basins within SBCFCD 
property.  It is anticipated that the tank would be above-grade welded steel or 
prestressed concrete. 

 
4. Pump Station/Storage Reservoir Site Option G – This site is located north of the 

Waterman Basins at the terminus of the pipeline alignments.  It is anticipated that the 
tank would be above-grade welded steel or prestressed concrete. 

 
9.3 PUMP STATION/STORAGE RESERVOIR EVALUATION CRITERIA 
 
Critical evaluation factors relative to the construction and operation of the Pump 
Station/Storage Reservoir Sites were developed to evaluate the advantages and disadvantages 
of each site option. Each factor was evaluated and rated using an established rating system.  
Pump Station/Storage Reservoir Site Options with advantages were rated higher and those with 
disadvantages were rated lower.  Eleven critical evaluation factors were developed for the 
Pump Station/Storage Reservoir Site Options: property, agency coordination/permitting, 
flexibility for future expansion, community/visual impacts, access, utilities, power supply, 
constructability, land development, construction costs, and O&M costs. 
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9.3.1 Property 
 

The available property is important for construction and maintenance of the Pump 
Station/Storage Reservoir Sites.  For combined pump station/storage reservoir locations, 
estimated required property dimensions were determined as follows:   

 Intermediate Pump Station/Storage Reservoir Site: 190 feet by 265 feet 
 Northern Pump Station/Storage Reservoir Site: 220 feet by 290 feet 

For some of the selected sites, the property is slightly smaller than these dimensions, the 
property is shaped differently, or existing facilities on-site would need to be relocated.  All of 
these factors were included in the evaluation of this criterion. 
 
9.3.2 Agency Coordination/Permitting 
 
The location of the Pump Station/Storage Reservoir Site may require coordination with other 
agencies for property acquisition (i.e. purchase of a privately owned lot or a license agreement 
with the SBCFCD).  The location of the Pump Station/Storage Reservoir Site may require other 
special coordination such as locations within existing parks. Pump Station/Storage Reservoir 
Site Options without significant agency coordination and permitting requirement were rated 
higher than those with significant requirements. 
 
9.3.3 Flexibility for Future Expansion 
 
This criterion was used to evaluate the ability for future expansion with space available for 
construction of future facilities within or adjacent to the Pump Station/Storage Reservoir Site.  
Pump Station/Storage Reservoir Sites with space for future expansion were rated higher than 
those sites without additional space. 
 
9.3.4 Community/Visual Impacts 
 
This criterion was used to evaluate potential impacts to the community considering residential, 
commercial, parks, schools, churches, and other land uses in relation to the location of the 
Pump Station/Storage Reservoir Site.  The estimated duration of construction was considered 
for the impacts to community uses such as parks and businesses. Pump Station/Storage 
Reservoir Site Options with fewer community impacts and visual impacts were rated higher 
than those with more community impacts and visual impacts. 
 
9.3.5 Access 
 
The ability to access the Pump Station/Storage Reservoir Site was evaluated.  Potential impacts 
to traffic were considered for access to the Pump Station/Storage Reservoir Site. 
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9.3.6 Utilities 
 
Existing utilities were identified to exist in the Pump Station/Storage Reservoir Sites including 
overhead utilities (power, phone, and cable), storm drains, water lines, sewer lines, 
underground electrical lines, high pressure gas lines, and buried communication lines. The 
utility information was obtained through utility research and investigation by contacting 
multiple agencies and visual observance. The number, location, size, and type of crossing or 
parallel utility impacts the construction and maintenance of the proposed Pump Station/Storage 
Reservoir Site.  Most of the utility on sites were considered to be minor and not expected to 
result in difficult construction or relocation of the utility.  If utilities would require relocation, 
the site was assigned a lower rating.   
 
9.3.7 Power Supply 
 
The availability of power was evaluated for each Pump Station/Storage Reservoir Site.  Sites 
could be supplied with power from existing overhead or underground power.  If no adjacent 
power service is available, an extension of the power service would be required to the Pump 
Station/Storage Reservoir Site.   
 
9.3.8 Constructability 
 
The overall constructability of the Pump Station/Storage Reservoir Site was evaluated 
considering access for equipment, staging areas, material storage, slope of construction, and 
cross slopes. The type of construction was also evaluated (i.e. circular versus rectangular and 
above ground versus buried).    
 
9.3.9 Land Condition 
 
This factor represents the type of use of land and developments on the land in the location of 
the Pump Station/Storage Reservoir Site.  Land condition include open grade (dirt or grass 
surface) or vegetated, and may include asphalt paved roads or parking lots, recreational 
facilities (park, baseball field, etc.), and buildings/structures. Each Pump Station/Storage 
Reservoir Site Option was evaluated based on the land condition with a higher rating for sites 
with open country and lower rating for impacts to existing facilities. 
 
9.3.10 Construction Costs 
  
The estimated construction cost of Pump Station/Storage Reservoir was evaluated.  Pump 
Station/Storage Reservoir Sites were rated based on their relative estimated construction costs. 
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9.3.11 Operation and Maintenance Costs 
 
The estimated O&M cost of Pump Station/Storage Reservoirs was evaluated.  Pump 
Station/Storage Reservoir Sites were rated based on their relative estimated construction costs. 
 
9.4 PUMP STATION/STORAGE RESERVOIR SITE RANKING 
 
Similar to the pipeline alignment evaluation and ranking, Criterium Decision Plus, was utilized 
for Pump Station/Storage Reservoir Site ranking (see Section 8.10).  The same rating and 
weighting definitions were used.   Each site option are rated based upon its ability to satisfy the 
project objectives. The alternatives were rated using a scale of 1 to 5 as shown in Table 9-1 with 
a higher rating indicating a more favorable scenario or option. 

 
Table 9-1 

Definition of Rating System 
 

Definition Rating 

Satisfies project objectives with significant noted advantages 5 
Satisfies project objectives with noted advantages 4 
Satisfies project objectives 3 
Satisfies project objectives with noted disadvantages 2 
Satisfies project objectives with significant noted disadvantages 1 

 
Each evaluation criteria was then assigned a weight representing the importance of the criteria 
on a scale of 1 to 5.  A higher weight represents more important criteria as shown in Table 9-2.   

 
Table 9-2 

Definition of Weighting System 
 

Definition Rating 

Critical Importance 5 
Significant Importance 4 
Important 3 
Low Importance 2 
Least Importance 1 

 
Evaluation criteria weightings for Pump Station/Storage Reservoir Site Options are shown in 
Table 9-3. 
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Table 9-3 
Pump Station/Storage Reservoir Site Options Criteria Weighting 

 
Evaluation Criteria Weight 

Property 4 
Agency Coordination/Permitting 3 
Flexibility for Future Expansion 2 
Community/Visual Impacts 4 
Access 1 
Utilities 1 
Power Supply 3 
Constructability 4 
Land Condition 3 
Construction Costs 5 
O&M Costs 5 

 
A score for each evaluation criteria was calculated by multiplying the rating and the weight.  A 
higher score indicated a more favorable site option.  The overall scores were compared for each 
site option.  The overall score is a good indication as to which site options are the best match for 
meeting the project objectives.     
 
Since the overall score may not add up to 100, a weighted score was calculated for each site 
option. The overall scores were converted to percentages; therefore the ideal score would have 
value of 100 percent.  The higher the weighted score of the option, the closer that option would 
come to meeting all the project objectives considering the criteria impacting the decision.   
 
Utilizing Criterium Decision Plus, a decision score was calculated with an ideal score of 1.00.  The 
higher the decision score of the option, the closer that option would come to meeting all the 
project objectives considering the criteria impacting the decision.  Weighted scores and decision 
scores were similar, but since Criterium Decision Plus utilizes a more complex integrated rating 
and ranking system, the decision score was considered in evaluating the rank. 
 
The highest decision score is considered the highest ranked or preferred site option.  Ranks 
were then assigned to the remaining site options in the order of highest score to lowest score. 
 
The ranking of Pump Station/Storage Reservoir Site Options is shown in Table 9-4 and depicted 
graphically on Figure 9-8.  
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Figure 9-8 
Pump Station/Storage Reservoir Site Options Evaluation 

                                

 
 
9.4.1 Pump Station/Storage Reservoir Site A 
 
This site had the lowest ranking of the three intermediate location sites.  Primary factors for the 
evaluation and ranking of Site A were the private ownership of the lot in a commercial area 
with limited space for future expansion. 
 
9.4.2 Pump Station/Storage Reservoir Site B 
 
This site ranked second of the three intermediate location sites.  Primary factors for the 
evaluation and ranking of Site B were the location within Perris Hill Park near the entrance to 
the park would likely require the storage reservoir to be buried, with increased costs and 
difficulty of construction. 
 
9.4.3 Pump Station/Storage Reservoir Site C 
 
This site ranked first of the three intermediate location sites.  Primary factors for the evaluation 
and ranking of Site C were the location within Perris Hill Park near East Twin Creek Channel, 
which would likely allow the storage reservoir to be constructed above-grade, reducing costs 
and decreasing difficulty of construction.  The location of Site C was considered the most 
compatible location within Perris Hill Park since it is adjacent to an existing structure (the 
YMCA building), and is at an edge of the park near East Twin Creek Channel. 
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9.4.4 Pump Station/Storage Reservoir Site D 
 
This site ranked second of the four northern location sites.  Primary factors for the evaluation 
and ranking of Site C were the location within Perris Hill Park in an area without existing 
facilities and reduced visual impact with the storage reservoir likely buried.  This option did 
have higher costs and difficulty of construction. 
 
9.4.5 Pump Station/Storage Reservoir Site E 
 
This site ranked third of the four northern location sites.  Primary factors for the evaluation and 
ranking of Site E were the location within Perris Hill Park in an area with existing ball park 
facilities and reduced visual impact with the storage reservoir likely buried.  This option did 
have higher costs and difficulty of construction. 
 
9.4.6 Pump Station/Storage Reservoir Site F 
 
This site ranked first of the four northern location sites.  Primary factors for the evaluation and 
ranking of Site F were the location near the edge of East Twin Creek Channel with the storage 
reservoir above-grade, which reduced costs and decreased difficulty of construction.  This 
option would require more grading and coordination with the SBCFCD including property 
acquisition or a license agreement. 
 
9.4.7 Pump Station/Storage Reservoir Site G 
 
This site had the lowest ranking of the four northern location sites.  Primary factors for the 
evaluation and ranking of Site G were the location within SBCFCD property within a vegetated 
area that required extension of power facilities.  This option has several disadvantages, but was 
considered as an option that would allow the storage reservoir to be terminal storage without a 
separate pump station for flow to the Recharge Basins. 
 
9.5 SUMMARY 
 
Based on the evaluation, any of the seven sites are feasible for the CWF Project.  There are noted 
advantages for Pump Station/Storage Reservoir Site Option C for the intermediate location and 
Site Option F for the northern site location, which both ranked the highest in the evaluation.  
Coordination with the City’s Parks and Recreation Department will be imperative in further 
development and selection of Site Option C as the preferred intermediate site.  Coordination 
with the SBCFCD is recommended in further development and selection of Site Option F as the 
preferred northern site.   
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9.6 FACILITY POWER REQUIREMENTS 
 
A preliminary investigation was conducted to identify power requirements for the preferred 
Pump Station/Storage Reservoir Sites.  First, power requirements were developed for each 
Pump Station/Storage Reservoir Site configuration for each conveyance scenario.  Then each site 
was evaluated to determine the power available at or near each site.  Pump Station/Storage 
Reservoir Sites A, B, C, D, E, and F all have existing available power from Southern California 
Edison (SCE)’s exiting overhead power grid.  A service connection, transformer, and meter 
would be required to bring 480 volt/3 phase power to the site.  Pump Station/Storage Reservoir 
Site G is located north of Waterman Basin and does not have existing available power on site.  
However, an approximate 3,300 foot long extension of SCE’s overhead power grid from E. 40th 
Street to the site could provide power to the site.   
 
Estimated energy use for various Pump Station/Storage Reservoir Site configurations for each 
conveyance alternative were developed and are included in the cost data in Appendix D-4.   
  
9.7 COST ESTIMATES 
 
Feasibility-level cost estimates were prepared for the seven preferred Pump Station/Storage 
Reservoir Site Options based on feasibility-level planning data collected and developed as part 
of this analysis.  Due to the preliminary status of the project, the current unpredictable bidding 
climate, and estimated project schedule, opinions of probable costs should be updated regularly 
as the project is better defined. A contingency of 30 percent was applied to the estimated 
construction costs to account for the preliminary nature of the project.  An additional allocation 
of 30 percent was made for administrative, legal, design, and construction management costs in 
order to define overall project costs.  Utilizing a Class 4 Estimate for feasibility-level estimates as 
defined by the AACEI, an estimated range of -15 percent to +30 percent can be expected and an 
additional contingency of 15 percent was applied to the overall project costs.  Finally, with the 
estimated mid-point of construction in three years (March 2015), an escalation cost due to 
projected inflation at an annual rate of 4 percent was applied (total inflation for three years 
equal to 12.5 percent).       
 
Based on the current understanding of the project’s criteria and general assumptions made 
regarding facility locations and configurations, this opinion is intended to provide a  feasibility-
level overall cost.  Unit costs for pump stations and storage reservoirs were based on historical 
cost data compiled from multiple similar projects and the experience of RBF and Black & 
Veatch.  This estimate was compiled in March 2012 with an ENR – CCI (Los Angeles) of 
10,283.55. Therefore, the costs can be updated once the schedule has been further defined. Table 
9-5 summarizes the feasibility-level costs for each preferred Pump Station/Storage Reservoir Site 
Option.  More detailed cost information for each preferred Pump Station/Storage Reservoir Site 
is included in Appendix D-2. 
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Table 9-5 
Pump Station/Storage Reservoir Site Feasibility-Level Cost Estimate 

 
Conveyance 

Scenario 
Site A Site B Site C Site D Site E Site F Site G 

1 
 

$3.2 M $3.7 M $2.5 M N/A N/A N/A N/A 

2 
 

$26.6 M $29.5 M $26.0 M N/A N/A N/A N/A 

3 
 

N/A N/A N/A $23.8 M $24.2 M $19.1 M $20.8 M 

4 
 

$19.6 M $19.3 M $19.0 M $23.8 M $24.2 M $19.1 M $20.8 M 

5 
 

$3.2 M $3.7 M $2.5 M N/A N/A N/A N/A 

6 
 

$30.6 M $33.6 M $30.0 M N/A N/A N/A N/A 
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10.0 CONVEYANCE SYSTEM SCENARIOS 
 
An analysis was conducted to evaluate potential Conveyance Scenarios with various 
configurations of pipelines and Pump Station/Storage Reservoir Sites within a Conveyance 
Facility Corridor between the SBWRP and the Recharge Basins.  Six potential Conveyance 
Scenarios were identified.  An evaluation of the Conveyance Scenarios was conducted 
considering evaluation factors and rating each scenario. 
 
10.1 OVERVIEW 
 
The six Conveyance Scenarios represent possible overall configuration of the conveyance 
system to deliver recycled water to direct use customers and to the Recharge Basins and deliver 
advanced water to the Recharge Basins.  Each conveyance scenario could utilize different 
Pipeline Alignment Options and Pump Station/Storage Reservoir Site Options.  In fact, there are 
100 possible combinations of Conveyance Scenarios with various Pipeline Alignment Options 
and Pump Station/Storage Reservoir Site configurations.  In order to conduct a comparative 
analysis of the Conveyance Scenarios, the highest ranked preferred pipeline alignment option 
was selected (Pipeline Alignment Option 1) and used to compare the various Conveyance 
Scenarios.  Likewise, the highest ranked preferred Pump Station/Storage Reservoir Site Option 
was selected (Site Option C for the intermediate location, or Site Option F for the northern 
location).  The ranking for Pipeline Alignment Options was presented in Section 8 and for 
Pump Station/Storage Reservoir Site Options in Section 9.   
 
10.2 SCENARIOS 
 
There are six potential Conveyance Scenarios.  Each of the Conveyance Scenarios was 
evaluated, rated, and ranked.  The ranking of Conveyance Scenarios is shown on Table 10-1 
 
10.2.1 Conveyance Scenario 1 
 
Conveyance Scenario 1 would consist of a single conveyance system with one lift to deliver 
advanced treated water to direct use northern customers and the Recharge Basins.  A separate 
recycled water system would serve direct use customers near SBWRP.  For comparison 
purposes, this scenario utilized Pipeline Alignment Option 1 and Pump Station/Storage 
Reservoir Site Option C. 
 
10.2.2 Conveyance Scenario 2 
 
Conveyance Scenario 2 would consist of a single conveyance system with two lifts to deliver 
advanced treated water to direct use northern customers and the Recharge Basins.  A separate 
recycled water system would serve direct use customers near SBWRP.  For comparison 
purposes, this scenario utilized Pipeline Alignment Option 1 and Pump Station/Storage 
Reservoir Site Option C. 
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10.2.3 Conveyance Scenario 3 
 
Conveyance Scenarios 3 would consist of dual conveyance systems with one recycled water 
pipeline serving direct use northern customers and one advanced water pipeline with one lift to 
the Recharge Basins.  A separate recycled water system would serve direct use customers near 
SBWRP.  For comparison purposes, this scenario utilized Pipeline Alignment Option 1 and 
Pump Station/Storage Reservoir Site Option F (for the recycled water pipeline). 
 
10.2.4 Conveyance Scenario 4 
 
Conveyance Scenario 4 would consist of dual conveyance systems with one recycled water 
pipeline serving direct use northern customers and one advanced water pipeline with two lifts 
to the Recharge Basins.  A separate recycled water system would serve direct use customers 
near SBWRP.  For comparison purposes, this scenario utilized Pipeline Alignment Option 1 and 
Pump Station/Storage Reservoir Site Option C (for the recycled water pipeline) and Pump 
Station/Storage Reservoir Site Option F (for the advanced water pipeline). 
 
10.2.5 Conveyance Scenario 5 
 
Conveyance Scenario 5 would consist of a single conveyance system with one lift to deliver 
recycled water to both direct use northern customers and to an advanced water treatment plant 
located at the Recharge Basins.  For comparison purposes, this scenario utilized Pipeline 
Alignment Option 1 and Pump Station/Storage Reservoir Site Option C. 
 
10.2.6 Conveyance Scenario 6 
 
Conveyance Scenario 6 would consist of a single conveyance system with two lifts to deliver 
recycled water to both direct use northern customers and to an advanced water treatment plant 
located at the Recharge Basins.  For comparison purposes, this scenario utilized Pipeline 
Alignment Option 1 and Pump Station/Storage Reservoir Site Option C. 
 
10.3 EVALUATION CRITERIA 
 
Critical evaluation factors relative to the construction and operation of the Conveyance 
Scenarios were developed to evaluate the advantages and disadvantages of each conveyance 
scenario. Each factor was evaluated and rated using an established rating system.  Conveyance 
Scenarios with advantages were rated higher and those with disadvantages were rated lower.  
Six critical evaluation factors were developed for the Conveyance Scenarios: water supply, 
operation, treatment facilities location, flexibility for future expansion, construction costs, and 
O&M costs. 
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10.3.1. Water Supply 
 
The ability to supply recycled water and advanced treated water to direct use customers and for 
groundwater recharge was evaluated.  Delivery of advanced treated water to direct use 
customers is a disadvantage because the water is treated to level higher than necessary.  
Scenarios that utilize recycled water for direct use customers were rated higher than those that 
use advanced treated water for direct use customers.  Use of the IEBL at the SBWRP for disposal 
of brine was rated higher than scenarios that would require a new brine pipeline. 
 
10.3.2. Operation 
 
The ease of operation of conveyance alternatives was evaluated.  System operation was 
considered for direct use customers with operation of pump station and tank system to provide 
service and handle seasonal and diurnal demands including peak month, peak day, and peak 
hour demands.  System operation was considered for advanced treated water recharge of 
groundwater considering pump station and tank system operation.  Use of storage tanks to 
supply direct use customers were rated higher than those with a closed loop system or direct 
supply by pumping.  System pressures were also evaluated with lower pressure systems rated 
higher than systems with higher pressures. 
 
10.3.3. Treatment Facilities Location 
 
The location of treatment facilities was evaluated whether at the SBWRP or at the Recharge 
Basins.  A new treatment plant at the Recharge Basins has several disadvantages including: 
operation remote from the existing SBWRP, additional staffing, new property requirements, no 
method of diverting flow if there are treatment issues, and permitting a new plant. Scenarios 
that have treatment facilities at the SBWRP were rated higher than those that have the treatment 
plant at the Recharge Basins. 
 
10.3.4. Flexibility for Future Expansion 
 
This criterion is used to evaluate the ability for future expansion of conveyance facilities to 
connect to potential future direct use customers.  Conveyance Scenarios with advanced treated 
water delivery to recycled customers were rated lower than those that provide recycled water to 
direct use customers due to advanced treatment limitations (maximum 14.2 mgd limited by 
IEBL contractual capacity of 2.5 mgd).  Expansion flexibility of treatment facilities was also 
evaluated with treatment facilities at the SBWRP ranking higher than treatment facilities at the 
Recharge Basins due to land availability.  
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10.3.5. Construction Costs 
 
The estimated construction cost of conveyance alternatives was evaluated.  Conveyance 
Scenarios were rated based on their relative estimated construction costs. 
 
10.3.6. Operation and Maintenance Costs 
 
The estimated O&M cost of conveyance alternatives were evaluated.  Conveyance Scenarios 
were rated based on their relative estimated construction costs. 
 
10.4 CONVEYANCE SCENARIO RANKINGS 
 
Similar to the pipeline alignment and Pump Station/Storage Reservoir Site evaluation and 
ranking, Criterium Decision Plus, was utilized for conveyance scenarios (see Section 8.10).  The 
same rating and weighting definitions were used.   Each scenario was rated based upon its 
ability to satisfy the project objectives. The alternatives were rated using a scale of 1 to 5 as 
shown in Table 10-1 with a higher rating indicating a more favorable scenario or option. 

 
Table 10-1 

Definition of Rating System 
 

Definition Rating 

Satisfies project objectives with significant noted advantages 5 
Satisfies project objectives with noted advantages 4 
Satisfies project objectives 3 
Satisfies project objectives with noted disadvantages 2 
Satisfies project objectives with significant noted disadvantages 1 

 
Each evaluation criterion was then assigned a weight representing the importance of the criteria 
on a scale of 1 to 5.  A higher weight represents a more important criteria as shown in Table 10-
2.   
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Table 10-2 
Definition of Weighting System 

 
Definition Rating 

Critical Importance 5 
Significant Importance 4 
Important 3 
Low Importance 2 
Least Importance 1 

 
Evaluation criteria weightings for Conveyance Scenarios are shown in Table 10-3. 

 
Table 10-3 

Conveyance Scenario Criteria Weighting 
 

Evaluation Criteria Weight 

Water Supply 3 
Operation 4 
Treatment Facilities Location 2 
Flexibility for Future Expansion 2 
Construction Costs 5 
Operations and Maintenance Costs 5 

  
 

A score for each evaluation criterion was calculated by multiplying the rating and the weight.  
A higher score indicated a more favorable conveyance scenario. 
 
The overall scores were compared for each scenario.  The overall score is a good indication as to 
which Conveyance Scenarios are the best match for meeting the project objectives.     
 
Since the overall score may not add up to 100, a decision score was calculated for each scenario. 
The overall scores were converted to percentages; therefore the ideal score would have value of 
100 percent.  The higher the decision score of the alternative, the closer that alternative would 
come to meeting all the project objectives considering the criteria impacting the decision.   
 
Utilizing Criterium Decision Plus, a decision score was calculated with an ideal score of 1.00.  The 
higher the decision score of the option, the closer that option would come to meeting all the 
project objectives considering the criteria impacting the decision.  Weighted scores and decision 
scores were similar, but since Criterium Decision Plus utilizes a more complex integrated rating 
and ranking system, the decision score was considered in evaluating the rank. 
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The highest score is considered the highest ranked or preferred scenario.  Ranks were then 
assigned to the remaining scenarios in the order of highest score to lowest score. 
 
The ranking of Conveyance Scenarios is shown in Table 10-4 and depicted graphically on Figure 
10-1.  
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 Table 10-4 
Conveyance Scenarios Evaluation and Ranking  

 
Evaluation 

Factor 
 

 
Conveyance 
Scenario 1 

 
Conveyance 
Scenario 2 

 
Conveyance 
Scenario 3 

 
Conveyance 
Scenario 4 

 
Conveyance 
Scenario 5 

 
Conveyance 
Scenario 6 

Water 
Supply 
Weight = 3 

Advanced 
Water to 

Direct Use 
Customers; 

Brine at 
SBWRP 

Rating = 2 

Advanced 
Water to 

Direct Use 
Customers; 

Brine at 
SBWRP 

Rating = 2 

Recycled 
Water to 

Direct Use 
Customers; 

Brine at 
SBWRP 

Rating = 5 

Recycled 
Water to 

Direct Use 
Customers; 

Brine at 
SBWRP 

Rating = 5 

Recycled 
Water to 

Direct Use 
Customers; 
Needs Brine 

Pipeline 
Rating = 2 

Recycled 
Water to Direct 

Use 
Customers; 
Needs Brine 

Pipeline 
Rating = 2 

Score = 6 Score = 6 Score = 15 Score = 15 Score = 6 Score = 6 
Operation 
Weight = 4  
 

Difficult 
Seasonal 

Operation; 
Partial System 
Float on Tank; 

250 psi 
Pressure 

Rating = 1 

Difficult 
Seasonal 

Operation; 
Partial System 
Float on Tank; 

150 psi 
Pressure 

Rating = 2 

Flexible 
Seasonal 

Operation; 
System Floats 

on Tank; 
 250 psi 
Pressure 

Rating = 4 

Flexible 
Seasonal 

Operation; 
System Floats 

on Tank; 
150 psi 

Pressure 
Rating = 5 

Flexible 
Seasonal 

Operation; 
Partial System 
Float on Tank; 

250 psi 
Pressure 

Rating = 3 

Flexible 
Seasonal 

Operation; 
Partial System 
Float on Tank; 

150 psi 
Pressure 

Rating = 4 
Score = 4 Score = 8 Score = 16 Score =20 Score = 12 Score = 16 

Treatment 
Plant 
Location 
Weight = 3 

Treatment at 
SBWRP 

Rating = 5 

Treatment at 
SBWRP 

Rating = 5 

Treatment at 
SBWRP 

Rating = 5 

Treatment at 
SBWRP 

Rating = 5 

Treatment at 
Rechg. Basins 

Rating = 1 

Treatment at 
Rechg. Basins 

Rating = 1 
Score = 15 Score = 15 Score =15 Score = 15 Score = 3 Score = 3 

Flexibility for 
Future 
Expansion 
Weight = 2 

Advanced 
Water to 

Direct Use 
Customers; 

Treatment at 
SBWRP 

Rating = 2 

Advanced 
Water to 

Direct Use 
Customers; 

Treatment at 
SBWRP 

Rating = 2 

Recycled 
Water to 

Direct Use 
Customers; 

Treatment at 
SBWRP 

Rating = 5 

Recycled 
Water to 

Direct Use 
Customers; 

Treatment at 
SBWRP 

Rating = 5 

Recycled 
Water to 

Direct Use 
Customers; 

Treatment at 
Rechg. Basins 

Rating = 2 

Recycled 
Water to Direct 

Use 
Customers; 

Treatment at 
Rechg. Basins 

Rating = 2 
Score = 4 Score = 4 Score =10 Score =10 Score = 4 Score =4 

Construction 
Costs 
Weight = 5 

$ 132 M  
Rating = 5  

$ 139 M  
Rating = 5 

$ 177 M  
Rating = 2 

$ 185 M  
Rating = 1 

$ 155 M 
Rating = 4 

$ 167 M 
Rating = 3 

Score = 25 Score = 25 Score = 10 Score = 5 Score = 20 Score = 15 
O&M Costs 
Weight = 5  

$ 2.5 M/yr 
Rating = 5 

$ 2.6 M/yr  
Rating = 5 

$ 3.1 M/yr  
Rating = 4 

$ 3.6 M/yr 
Rating = 3 

$ 3.5 M/yr 
Rating = 3 

$ 3.6 M/yr. 
Rating =3 

Score = 25 Score = 25 Score = 20 Score = 15 Score = 15 Score = 15 
TOTAL 
(Weight = 22) 

Overall Score 
79 

Overall Score 
83 

Overall Score 
86 

Overall Score 
80 

Overall Score 
60 

Overall Score 
59 

Weighted 
SCORE 

72% 76% 
 

78% 73% 55% 54% 

DECISION 
SCORE 

0.682 0.720 0.829 0.800 0.498 0.503 

 
RANK 

 
4th 

 
3rd  

 
1st  

 
2nd  

 
6th  

 
5th  

* Construction and O&M costs are based on Pipeline Alignment Option 1 and Pump Station/Storage Reservoir Site 
Option C and/or F 
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Figure 10-1 
Conveyance Scenarios Evaluation 

 

 
 

 
The cost of each scenario in Table 10-4 considers the construction and O&M costs independent 
of the amount of water produced.  A parallel evaluation was developed for each conveyance 
scenario to analyze the cost per acre foot of water produced, and the results are shown in Table 
10-5.  A combined weight of 10 was assigned for the combined cost per acre-foot.  Capital and 
O&M costs for treatment and the recharge basins were developed from data in the Recycled 
Water Report. The cost per acre-foot does not include IEBL charges. 
    
The per acre-foot costs include consideration of reduced costs from reduced secondary treated 
effluent flows to the RIX facility and subsequent reduced tertiary treatment costs at the RIX 
facility.  Estimated costs were developed in coordination with SBMWD for reduced treatment at 
the RIX Facility considering reduced use of sand filters and continued use of 
percolation/extraction treatment.  The unit cost of treatment at the RIX facility drops to 
approximately $43,000 per mgd if RIX is operating at or below 22 mgd as originally designed 
with percolation and extraction only.  Current and reduced flows to the RIX facility and 
corresponding reduced per acre-foot costs are shown in Table 10-6.    These reduced per acre-
foot cost have already been incorporated in to the per-acre foot costs in Table 10-5.    
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Table 10-5 
Conveyance Scenarios Evaluation and Ranking (per Acre-Foot) 

 

Evaluation 
Factor 

 

 
Conveyance 
Scenario 1 

 
Conveyance 
Scenario 2 

 
Conveyance 
Scenario 3 

 
Conveyance 
Scenario 4 

 
Conveyance 
Scenario 5 

 
Conveyance 
Scenario 6 

Water 
Supply 
Weight = 3 

Advanced 
Water to 

Direct Use 
Customers; 

Brine at 
SBWRP 

Rating = 2 

Advanced 
Water to 

Direct Use 
Customers; 

Brine at 
SBWRP 

Rating = 2 

Recycled 
Water to 

Direct Use 
Customers; 

Brine at 
SBWRP 

Rating = 5 

Recycled 
Water to 

Direct Use 
Customers; 

Brine at 
SBWRP 

Rating = 5 

Recycled 
Water to 

Direct Use 
Customers; 
Needs Brine 

Pipeline 
Rating = 2 

Recycled 
Water to Direct 

Use 
Customers; 
Needs Brine 

Pipeline 
Rating = 2 

Score = 6 Score = 6 Score = 15 Score = 15 Score = 6 Score = 6 
Operation 
Weight = 4  
 

Difficult 
Seasonal 

Operation; 
Partial System 
Float on Tank; 

250 psi 
Pressure 

Rating = 1 

Difficult 
Seasonal 

Operation; 
Partial System 
Float on Tank; 

150 psi 
Pressure 

Rating = 2 

Flexible 
Seasonal 

Operation; 
System Floats 

on Tank; 
 250 psi 
Pressure 

Rating = 4 

Flexible 
Seasonal 

Operation; 
System Floats 

on Tank; 
150 psi 

Pressure 
Rating = 5 

Flexible 
Seasonal 

Operation; 
Partial System 
Float on Tank; 

250 psi 
Pressure 

Rating = 3 

Flexible 
Seasonal 

Operation; 
Partial System 
Float on Tank; 

150 psi 
Pressure 

Rating = 4 
Score = 4 Score = 8 Score = 16 Score =20 Score = 12 Score = 16 

Treatment 
Plant 
Location 
Weight = 3 

Treatment at 
SBWRP 

Rating = 5 

Treatment at 
SBWRP 

Rating = 5 

Treatment at 
SBWRP 

Rating = 5 

Treatment at 
SBWRP 

Rating = 5 

Treatment at 
Recharge 

Basins 
Rating = 1 

Treatment at 
Recharge 

Basins 
Rating = 1 

Score = 15 Score = 15 Score =15 Score = 15 Score = 3 Score = 3 
Flexibility for 
Future 
Expansion 
Weight = 2 

Advanced 
Water to 

Direct Use 
Customers; 

Treatment at 
SBWRP 

Rating = 2 

Advanced 
Water to 

Direct Use 
Customers; 

Treatment at 
SBWRP 

Rating = 2 

Recycled 
Water to 

Direct Use 
Customers; 

Treatment at 
SBWRP 

Rating = 5 

Recycled 
Water to 

Direct Use 
Customers; 

Treatment at 
SBWRP 

Rating = 5 

Recycled 
Water to 

Direct Use 
Customers; 

Treatment at 
Recharge 

Basins 
Rating = 2 

Recycled 
Water to Direct 

Use 
Customers; 

Treatment at 
Recharge 

Basins 
Rating = 2 

Score = 4 Score = 4 Score =10 Score =10 Score = 4 Score =4 
Cost per 
Acre-Foot 
Weight = 10 

$ 1,414/AF  
Rating = 2  

$ 1,435/AF  
Rating = 2 

$ 1,173/AF  
Rating = 5 

$ 1,213/AF  
Rating = 5 

$ 1,318/AF  
Rating = 3 

$ 1,351/AF  
Rating = 3 

Score = 20 Score = 20 Score = 50 Score = 50 Score = 30 Score = 30 
TOTAL 
(Weight = 22) 

Overall Score 
49 

Overall Score 
53 

Overall Score 
106 

Overall Score 
110 

Overall Score 
55 

Overall Score 
59 

Weighted 
SCORE 

45% 48% 
 

96% 100% 50% 54% 

DECISION 
SCORE 

0.482 0.520 0.962 1.000 0.465 0.503 

 
RANK 

 

 
5th 

 
3rd 

 
2nd 

 
1st  

 
6th 

 
4th  

* Cost per Acre-Foot are based on Pipeline Alignment Option 1 and Pump Station/Storage Reservoir Site Option C 
and/or F 



 

 
 
July 2012 10-10 Summary Report 

Table 10-6 
Reduced RIX Facility Treatment Costs 

 

Scenario 
Flow to RIX 

from SBWRP 
Reduced flow 

to RIX 
Reduced Cost 

per Year 
Reduced Cost per 

Acre-Foot 
Current Condition 22 mgd 0 mgd $0 $0 
Scenario 1 or 2  14.2 mgd 7.8 mgd $842,000 $46 
Scenario 3 or 4 7.2 mgd 14.8 mgd $1,278,000 $49 
Scenario 5 or 6 5.7 mgd 16.8 mgd $1,344,000 $52 

 
10.4.1 Conveyance Scenario 1 
 
This scenario ranked fourth in the original analysis and ranked fifth in the cost per acre-foot 
analysis.  Primary factors for the evaluation and ranking of Conveyance Scenario 1 were the 
delivery of advanced treated water to direct use customers (excess treatment), difficulty of 
operation during seasonal fluctuations and only part of the system operates by floating off an 
intermediate storage reservoir, higher pipeline pressure (250 psi), and limited flexibility for 
expansion for additional direct use customers in the future (advanced treated water is limited to 
14.2 mgd by SBMWD’s contractual discharge capacity in the IEBL).  This scenario does have 
lower construction and O&M costs, but considering the capacity of this scenario, it had a high 
overall cost per acre foot of water. 
 
10.4.2 Conveyance Scenario 2 
 
This scenario ranked third in the original analysis and ranked third in the cost per acre-foot 
analysis.  Primary factors for the evaluation and ranking of Conveyance Scenario 1 were the 
delivery of advanced treated water to direct use customers (excess treatment), difficulty of 
operation during seasonal fluctuations and only part of the system operates by floating off an 
intermediate storage reservoir, lower pipeline pressure (150 psi), and limited flexibility for 
expansion for additional direct use customers in the future (advanced treated water is limited to 
14.2 mgd by SBMWD’s contractual discharge capacity in the IEBL).  This scenario does have 
lower construction and O&M costs, but considering the capacity of this scenario, it had a high 
overall cost per acre foot of water. 
 
10.4.3 Conveyance Scenario 3 
 
This scenario ranked first in the original analysis and ranked second in the cost per acre-foot 
analysis.  Primary factors for the evaluation and ranking of Conveyance Scenario 3 were use of 
separate pipelines to deliver the type of water needed (recycled or advanced treated water), 
flexible seasonal operation and ease of operating the recycled water system by floating off a 
northern storage reservoir, and the ability to expand the recycled water system in the future.  
This scenario does operate on a higher pipeline pressure (250 psi), but this is addressed with use 
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of ductile iron pipe.  This scenario does have higher construction and O&M costs, but 
considering the additional capacity of this scenario, it had a low overall cost per acre foot of 
water.   
 
10.4.4 Conveyance Scenario 4 
 
This scenario ranked second in the original analysis and ranked first in the cost per acre-foot 
analysis.  Primary factors for the evaluation and ranking of Conveyance Scenario 4 were use of 
separate pipelines to deliver the type of water needed (recycled or advanced treated water), 
flexible seasonal operation and ease of operating the recycled water system by floating off a 
northern storage reservoir, lower pipeline pressure (150 psi), and the ability to expand the 
recycled water system in the future.   This scenario does have higher construction and O&M 
costs, but considering the additional capacity and this scenario, it had a low overall cost per acre 
foot of water. 
 
10.4.5 Conveyance Scenario 5 
 
This scenario ranked last in the original analysis and ranked last in the cost per acre-foot 
analysis.  Primary factors for the evaluation and ranking of Conveyance Scenario 5 were the 
need for a separate brine line from the Recharge Basins to the SBWRP, flexible seasonal 
operation but only part of the system operates by floating off an intermediate storage reservoir, 
higher pipeline pressure (250 psi), location of the treatment plant at the Recharge Basins, and 
limited ability for expansion of treatment facilities at the Recharge Basins.  This scenario had 
higher construction and O&M costs, and even considering the additional capacity and this 
scenario, it had a high overall cost per acre foot of water.   
 
10.4.6 Conveyance Scenario 6 
 
This scenario ranked fifth in the original analysis and ranked fourth in the cost per acre-foot 
analysis.  Primary factors for the evaluation and ranking of Conveyance Scenario 6 were the 
need for a separate brine line from the Recharge Basins to the SBWRP, flexible seasonal 
operation but only part of the system operates by floating off an intermediate storage reservoir, 
lower pipeline pressure (150 psi), location of the treatment plant at the Recharge Basins, and 
limited ability for expansion of treatment facilities at the Recharge Basins.  This scenario had 
higher construction and O&M costs, and even considering the additional capacity and this 
scenario, it had a high overall cost per acre foot of water.  
 
10.5 SUMMARY 
 
Based on the evaluation, any of the six Conveyance Scenarios would be feasible for the CWF 
Project.  There are noted advantages for Conveyance Scenarios 3 and 4, which ranked the 
highest in the evaluation.  Consideration of overall project objectives and cost per acre foot of 
water make Conveyance Scenarios 3 and 4 attractive even though initial construction costs are 
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higher than Conveyance Scenarios 1 and 2.  There are significant disadvantages for Conveyance 
Scenarios 5 and 6, and eliminating these scenarios should be considered by SBMWD 
particularly in the ongoing environmental documentation process. 
 
10.6 COST ESTIMATES 
 
Feasibility-level cost estimates were prepared for the six Conveyance Scenarios based on 
feasibility-level planning data collected and developed as part of this analysis.  Due to the 
preliminary status of the project, the current unpredictable bidding climate, and estimated 
project schedule, opinions of probable costs should be updated regularly as the project is better 
defined.  A contingency of 30 percent was applied to the estimated construction costs to account 
for the preliminary nature of the project.  An additional allocation of 30 percent was made for 
administrative, legal, design, and construction management costs in order to define overall 
project costs.  Utilizing a Class 4 Estimate for feasibility-level estimates as defined by the 
Association for the AACEI, a estimated range of -15 percent to +30 percent can be expected and 
an additional contingency of 15 percent was applied to the overall project costs.  Finally, with 
the estimated mid-point of construction in three years (March 2015), an escalation cost due to 
projected inflation at an annual rate of 4 percent was applied (total inflation for three years 
equal to 12.5 percent).       
 
Based on the current understanding of the project’s criteria and general assumptions made 
regarding facility locations and configurations, this opinion is intended to provide a  feasibility-
level overall cost.  Costs for Conveyance Scenarios were developed using the sum of costs 
determined for the highest ranked pipeline alignment option (Pipeline Alignment Option 1), 
cost determined for the highest ranked pump station/storage reservoir site option (Pump 
Station/Storage Reservoir Site Option C for the intermediate location and/or Site Option F for 
the northern location), and cost determined for pump station and storage tank facilities at the 
SBWRP.  Unit costs for pump stations and storage reservoirs were based on historical cost data 
compiled from multiple similar projects and the experience of RBF and Black & Veatch.  This 
estimate was compiled in March 2012 with an ENR – CCI (Los Angeles) of 10,283.55. Therefore, 
the costs can be updated once the schedule has been further defined. Table 10-7 summarizes the 
feasibility-level costs for each conveyance scenario.  More detailed cost information for each 
conveyance scenario is included in Appendix D-3. 
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Table 10-7 
Conveyance Scenario Site Feasibility-Level Cost Estimate 

 
Facility Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 

Pipeline(s) 
(Option 1) 

$68.1 M $68.1 M $94.3 M $94.3 M $91.2 M $91.2 M 

Pump Station/ 
Storage 

Reservoir 
 (Site Option C/F) 

$2.5 M $26.0 M $19.1 M $38.1 M $2.5 M $30.0 M 

Pump Station/ 
Storage 

Reservoir 
(at SBWRP) 

$61.2 M $44.5 M $64.1 M $53.0 M $61.5 M $45.4 M 

TOTAL 
 

$131.8 M $138.6 M $177.5 M $185.4 M $155.2 M $166.6 M 
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11.0 CONCLUSION 
 
A comprehensive feasibility-level analysis of conveyance facilities associated with the CWF 
Project was conducted and is presented in this document.  The data herein will be used in the 
development of the CWF Project EIR/EIS.  Multiple conveyance facility options were evaluated 
including four Pipeline Alignment Options, seven Pump Station/Storage Reservoir Site Options, 
and six Conveyance Scenarios.  Evaluation criteria were developed and scenarios and options 
were evaluated, weighted, rated, and ranked.  The following conclusions were developed: 
 

 Based on the evaluation, any of the four Pipeline Alignment Options would be feasible 
for the CWF Project.  There are noted advantages for Alignment Option 1, which ranked 
the highest in the evaluation.  Concurrence with the SBCFCD and compliance with their 
requirements will be imperative in further development and selection of Alignment 
Option 1 as the preferred alignment.  Preliminary meetings with SBCFCD have 
indicated that pipeline(s) aligned within the SBCFCD Twin Creek Flood Channel would 
be compatible under a license agreement. 
 

 Based on the evaluation, any of the three intermediate sites and any of the four northern 
sites would be feasible for the CWF Project.  There are noted advantages for Pump 
Station/Storage Reservoir Site Option C for the intermediate location and Site Option F 
for the northern site location, which both ranked the highest in the evaluation.  
Coordination with the City’s Parks and Recreation Department will be imperative in 
further development and selection of Site Option C as the preferred intermediate site.  
Coordination with the SBCFCD is recommended in further development and selection 
of Site Option F as the preferred northern site. 
 

 Based on the evaluation, any of the six Conveyance Scenarios would be feasible for the 
CWF Project.  There are noted advantages for Conveyance Scenarios 3 and 4, which 
ranked the highest in the evaluation.  Consideration of overall project objectives and cost 
per acre foot of water make Conveyance Scenarios 3 and 4 attractive even though initial 
construction costs would be higher than Conveyance Scenarios 1 and 2.  There are 
significant disadvantages for Conveyance Scenarios 5 and 6, and eliminating these 
scenarios should be considered by SBMWD particularly in the ongoing environmental 
documentation process. 
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City of San Bernardino MWD

Recycled Water Conveyance System Alternatives

Engineering Study

Preliminary Hydraulic Analysis

130

ADVANCED WATER

Alternative

Alignment 1 2 3 1 2 3 1 2 3 1 2 3

Flow, Q (mgd) 14.2 14.2 14.2 14.2 14.2 14.2 14.2 14.2 14.2 14.2 14.2 14.2

Pipe Diameter, D (in) 30 30 30 30 30 30 30 30 30 30 30 30

Pipe Length, L (ft)

Segment 1 39,280 42,900 42,740 24,730 28,170 26,130 38,500 42,900 42,740 24,730 28,170 26,130

Segment 2 0 0 0 14,550 14,730 16,610 0 0 0 14,550 14,730 16,610

Velocity, V (fps) 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5

Area, A (sf) 4.91 4.91 4.91 4.91 4.91 4.91 4.91 4.91 4.91 4.91 4.91 4.91
Wetted Perimeter, (ft) 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85 7.85
Hydraulic Radius, (ft) 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63
Friction Headloss (ft)

Segment 1 (ft) 79.92 87.29 86.96 50.32 57.32 53.17 78.34 87.29 86.96 50.32 57.32 53.17

Segment 2 (ft) 0.00 0.00 0.00 29.61 29.97 33.80 0.00 0.00 0.00 29.61 29.97 33.80

Minor Headloss (ft)

Segment 1 (ft) 10.00 10.00 10.00 6.00 6.00 6.00 10.00 10.00 10.00 6.00 6.00 6.00

Segment 2 (ft) 0.00 0.00 0.00 4.00 4.00 4.00 0.00 0.00 0.00 4.00 4.00 4.00

Total Headloss (ft) 89.92 97.29 96.96 89.92 97.29 96.96 88.34 97.29 96.96 89.92 97.29 96.96

SBWRF Elev (ft) 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000

Intermediate PS/Tank Elev (ft) -- -- -- 1165 1165 1165 -- -- -- 1165 1165 1165

Recharge Basin Elev (ft) 1470 1470 1470 1470 1470 1470 1470 1470 1470 1470 1470 1470

Max. HGL

Segment 1 (ft) 559.92 567.29 566.96 221.32 228.32 224.17 558.34 567.29 566.96 221.32 228.32 224.17

Segment 1 (psi) 242.39 245.58 245.44 95.81 98.84 97.04 241.70 245.58 245.44 95.81 98.84 97.04

Segment 2 (ft) 338.61 338.97 342.80 338.61 338.97 342.80

Segment 2 (psi) 146.58 146.74 148.40 146.58 146.74 148.40

Alternative 3 Alternative 4

Hazen-Williams 
Coefficient, C

Alternative 1 Alternative 2



City of San Bernardino MWD

Recycled Water Conveyance System Alternatives

Engineering Study
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Hazen-Williams 

Coefficient, C

RECYCLED WATER

Alternative

Alignment 1 2 3 1 2 3 1 2 3 1 2 3

Flow, Q (mgd)

Segment 1 7.0 7.0 7.0 7.0 7.0 7.0 25.2 25.2 25.2 25.2 25.2 25.2

Segment 2 5.0 5.0 5.0 5.0 5.0 5.0 25.2 25.2 25.2

Pipe Diameter, D (in)

Segment 1 20 20 20 20 20 20 36 36 36 36 36 36

Segment 2 16 16 16 16 16 16 36 36 36

Pipe Length, L (ft)

Segment 1 36,020 38,750 36,700 36,020 38,750 36,700 39,280 42,900 42,740 24,730 28,170 26,130

Segment 2 3,260 4,150 6,040 3,260 4,150 6,040 0 0 0 14,550 14,730 16,610

Velocity, V (fps)

Segment 1 5.0 5.0 5.0 5.0 5.0 5.0 5.5 5.5 5.5 5.5 5.5 5.5

Segment 2 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5

Area, A (sf)

Segment 1 2.18 2.18 2.18 2.18 2.18 2.18 7.07 7.07 7.07 7.07 7.07 7.07
Segment 2 1.40 1.40 1.40 1.40 1.40 1.40 7.07 7.07 7.07

Wetted Perimeter, (ft)

Segment 1 5.24 5.24 5.24 5.24 5.24 5.24 9.42 9.42 9.42 9.42 9.42 9.42
Segment 2 4.19 4.19 4.19 4.19 4.19 4.19 9.42 9.42 9.42

Hydraulic Radius, (ft)

Segment 1 0.42 0.42 0.42 0.42 0.42 0.42 0.75 0.75 0.75 0.75 0.75 0.75
Segment 2 0.33 0.33 0.33 0.33 0.33 0.33 0.75 0.75 0.75

Friction Headloss (ft)

Segment 1 142.66 153.48 145.36 142.66 153.48 145.36 95.04 103.80 103.42 59.84 68.16 63.23

Segment 2 20.54 26.15 38.06 20.54 26.15 38.06 35.21 35.64 40.19

Minor Headloss (ft)

Segment 1 9.00 9.00 9.00 9.00 9.00 9.00 10.00 10.00 10.00 6.00 6.00 6.00

Segment 2 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00 4.00 4.00 4.00

Total Headloss (ft) 173.20 189.62 193.41 173.20 189.62 193.41 105.04 113.80 113.42 105.04 113.80 113.42

SBWRF Elev (ft) 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000

Intermediate PS/Tank Elev (ft) 1350 1350 1350 1350 1350 1350 -- -- -- 1165 1165 1165

Recharge Basin Elev (ft) 1470 1470 1470 1470 1470 1470 1470 1470 1470 1470 1470 1470

Max. HGL

Segment 1 (ft) 501.66 512.48 504.36 501.66 512.48 504.36 575.04 583.80 583.42 230.84 239.16 234.23

Segment 1 (psi) 217.17 221.85 218.34 217.17 221.85 218.34 248.94 252.73 252.56 99.93 103.53 101.40

Segment 2 (ft) 141.54 147.15 159.06 141.54 147.15 159.06 344.21 344.64 349.19

Segment 2 (psi) 61.27 63.70 68.86 61.27 63.70 68.86 149.01 149.20 151.16

Alternative 6Alternative 5Alternative 3 Alternative 4
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Coefficient, C

BRINE

Alternative

Alignment 1 2 3 1 2 3

Flow, Q (mgd) 2.5 2.5 2.5 2.5 2.5 2.5

Pipe Diameter, D (in) 12 12 12 12 12 12

Pipe Length, L (ft)

Segment 1 39,280 42,900 42,740 39,280 42,900 42,740

Segment 2 0 0 0 0 0 0

Velocity, V (fps) 4.9 4.9 4.9 4.9 4.9 4.9

Area, A (sf) 0.79 0.79 0.79 0.79 0.79 0.79
Wetted Perimeter, (ft) 3.14 3.14 3.14 3.14 3.14 3.14
Hydraulic Radius, (ft) 0.25 0.25 0.25 0.25 0.25 0.25
Friction Headloss (ft)

Segment 1 (ft) 278.68 304.36 303.23 278.68 304.36 303.23

Segment 2 (ft) 0.00 0.00 0.00 0.00 0.00 0.00

Minor Headloss (ft)

Segment 1 (ft) 10.00 10.00 10.00 10.00 10.00 10.00

Segment 2 (ft) 0.00 0.00 0.00 0.00 0.00 0.00

Total Headloss (ft) 288.68 314.36 313.23 288.68 314.36 313.23

SBWRF Elev (ft) 1000 1000 1000 1000 1000 1000

Intermediate PS/Tank Elev (ft) -- -- -- -- -- --

Recharge Basin Elev (ft) 1470 1470 1470 1470 1470 1470

Max. HGL (Gravity Line)

Segment 1 (ft) (Available) 181.32 155.64 156.77 181.32 155.64 156.77

Segment 1 (psi) (Available) 78.49 67.38 67.87 78.49 67.38 67.87

Segment 2 (ft)

Segment 2 (psi)

Alternative 5 Alternative 6
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Table D-1

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

Pipeline Alignment Costs

Option 1.1 / 1.2 Qty. Unit Unit Cost Total

30" Advanced Pipeline (open) 38,635 LF $450 $17,385,750

8" Distribution Pipeline (paved) 93,400 LF $120 $11,208,000

10" Distribution Pipeline (paved) 14,300 LF $150 $2,145,000

Bore & Jack Tunnel (54") 645 LF $2,160 $1,393,200

Construction Contingency (30%) $9,639,585

Construction Subtotal $41,771,535

Admin, Design, CM, Legal (30%) $12,531,461

Class 4 Estimate Contingency (-15% / +30%; use +15%) $6,265,730

Project Subtotal $60,568,726

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $7,571,091

ESCALATED PROJECT COST TOTAL $68,139,816

Option 1.3 / 1.4 Qty. Unit Unit Cost Total

30" Advanced Pipeline (open) 38,635 LF $450 $17,385,750

20" Recycled Pipeline (open) 38,570 LF $300 $11,571,000

8" Distribution Pipeline (paved) 93,400 LF $120 $11,208,000

10" Distribution Pipeline (paved) 14,300 LF $150 $2,145,000

Bore & Jack Tunnel (84") 645 LF $3,360 $2,167,200

Construction Contingency (30%) $13,343,085

Construction Subtotal $57,820,035

Admin, Design, CM, Legal (30%) $17,346,011

Class 4 Estimate Contingency (-15% / +30%; use +15%) $8,673,005

Project Subtotal $83,839,051

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $10,479,881

ESCALATED PROJECT COST TOTAL $94,318,932

Option 1.5 / 1.6 Qty. Unit Unit Cost Total

36" Advanced Pipeline (open) 38,635 LF $540 $20,862,900

12" Brine Pipeline (open) 38,570 LF $180 $6,942,600

8" Distribution Pipeline (paved) 93,400 LF $120 $11,208,000

10" Distribution Pipeline (paved) 14,300 LF $150 $2,145,000

Bore & Jack Tunnel (72") 645 LF $2,880 $1,857,600

Construction Contingency (30%) $12,904,830

Construction Subtotal $55,920,930

Admin, Design, CM, Legal (30%) $16,776,279

Class 4 Estimate Contingency (-15% / +30%; use +15%) $8,388,140

Project Subtotal $81,085,349

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $10,135,669

ESCALATED PROJECT COST TOTAL $91,221,017



Table D-1

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

Pipeline Alignment Costs

Option 2.1 / 2.2 Qty. Unit Unit Cost Total

30" Advanced Pipeline (paved) 42,400 LF $600 $25,440,000

8" Distribution Pipeline (paved) 80,400 LF $120 $9,648,000

10" Distribution Pipeline (paved) 9,500 LF $150 $1,425,000

Bore & Jack Tunnel (54") 500 LF $2,160 $1,080,000

Construction Contingency (30%) $11,277,900

Construction Subtotal $48,870,900

Admin, Design, CM, Legal (30%) $14,661,270

Class 4 Estimate Contingency (-15% / +30%; use +15%) $7,330,635

Project Subtotal $70,862,805

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $8,857,851

ESCALATED PROJECT COST TOTAL $79,720,656

Option 2.3 / 2.4 Qty. Unit Unit Cost Total

30" Advanced Pipeline (paved) 42,400 LF $600 $25,440,000

20" Recycled Pipeline (paved) 42,400 LF $400 $16,960,000

8" Distribution Pipeline (paved) 80,400 LF $120 $9,648,000

10" Distribution Pipeline (paved) 9,500 LF $150 $1,425,000

Bore & Jack Tunnel (84") 500 LF $3,360 $1,680,000

Construction Contingency (30%) $16,545,900

Construction Subtotal $71,698,900

Admin, Design, CM, Legal (30%) $21,509,670

Class 4 Estimate Contingency (-15% / +30%; use +15%) $10,754,835

Project Subtotal $103,963,405

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $12,995,426

ESCALATED PROJECT COST TOTAL $116,958,831

Option 2.5 / 2.6 Qty. Unit Unit Cost Total

36" Advanced Pipeline (paved) 42,400 LF $720 $30,528,000

12" Brine Pipeline (paved) 42,400 LF $240 $10,176,000

8" Distribution Pipeline (paved) 80,400 LF $120 $9,648,000

10" Distribution Pipeline (paved) 9,500 LF $150 $1,425,000

Bore & Jack Tunnel (72") 500 LF $2,880 $1,440,000

Construction Contingency (30%) $15,965,100

Construction Subtotal $69,182,100

Admin, Design, CM, Legal (30%) $20,754,630

Class 4 Estimate Contingency (-15% / +30%; use +15%) $10,377,315

Project Subtotal $100,314,045

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $12,539,256

ESCALATED PROJECT COST TOTAL $112,853,301



Table D-1

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

Pipeline Alignment Costs

Option 3.1 / 3.2 Qty. Unit Unit Cost Total

30" Advanced Pipeline (paved) 42,170 LF $600 $25,302,000

8" Distribution Pipeline (paved) 74,000 LF $120 $8,880,000

10" Distribution Pipeline (paved) 11,100 LF $150 $1,665,000

Bore & Jack Tunnel (54") 570 LF $2,160 $1,231,200

Construction Contingency (30%) $11,123,460

Construction Subtotal $48,201,660

Admin, Design, CM, Legal (30%) $14,460,498

Class 4 Estimate Contingency (-15% / +30%; use +15%) $7,230,249

Project Subtotal $69,892,407

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $8,736,551

ESCALATED PROJECT COST TOTAL $78,628,958

Option 3.3 / 3.4 Qty. Unit Unit Cost Total

30" Advanced Pipeline (paved) 42,170 LF $600 $25,302,000

20" Recycled Pipeline (paved) 42,170 LF $400 $16,868,000

8" Distribution Pipeline (paved) 74,000 LF $120 $8,880,000

10" Distribution Pipeline (paved) 11,100 LF $150 $1,665,000

Bore & Jack Tunnel (84") 570 LF $3,360 $1,915,200

Construction Contingency (30%) $16,389,060

Construction Subtotal $71,019,260

Admin, Design, CM, Legal (30%) $21,305,778

Class 4 Estimate Contingency (-15% / +30%; use +15%) $10,652,889

Project Subtotal $102,977,927

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $12,872,241

ESCALATED PROJECT COST TOTAL $115,850,168

Option 3.5 / 3.6 Qty. Unit Unit Cost Total

36" Advanced Pipeline (paved) 42,170 LF $720 $30,362,400

12" Brine Pipeline (paved) 42,170 LF $240 $10,120,800

8" Distribution Pipeline (paved) 74,000 LF $120 $8,880,000

10" Distribution Pipeline (paved) 11,100 LF $150 $1,665,000

Bore & Jack Tunnel (60") 570 LF $2,400 $1,368,000

Construction Contingency (30%) $15,718,860

Construction Subtotal $68,115,060

Admin, Design, CM, Legal (30%) $20,434,518

Class 4 Estimate Contingency (-15% / +30%; use +15%) $10,217,259

Project Subtotal $98,766,837

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $12,345,855

ESCALATED PROJECT COST TOTAL $111,112,692



Table D-1

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

Pipeline Alignment Costs

Option 4.3 / 4.4 Qty. Unit Unit Cost Total

30" Advanced Pipeline (open) 38,570 LF $450 $17,356,500

20" Recycled Pipeline (paved) 42,170 LF $400 $16,868,000

8" Distribution Pipeline (paved) 74,000 LF $120 $8,880,000

10" Distribution Pipeline (paved) 11,100 LF $150 $1,665,000

Bore & Jack Tunnel (54") 710 LF $2,160 $1,533,600

Bore & Jack Tunnel (48") 570 LF $1,920 $1,094,400

Construction Contingency (30%) $14,219,250

Construction Subtotal $61,616,750

Admin, Design, CM, Legal (30%) $18,485,025

Class 4 Estimate Contingency (-15% / +30%; use +15%) $9,242,513

Project Subtotal $89,344,288

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $11,168,036

ESCALATED PROJECT COST TOTAL $100,512,323

Unit Cost Parameters

Unit Cost Unit

Pipeline (open) $15 $/inch-dia/LF

Pipeline (paved) $20 $/inch-dia/LF

Bore & Jack Tunnel $40 $/inch-dia/LF

Dia. (inch) Open Paved

Pipeline 4 $60 $80

Pipeline 6 $90 $120

Pipeline 8 $120 $160

Pipeline 10 $150 $200

Pipeline 12 $180 $240

Pipeline 20 $300 $400

Pipeline 30 $450 $600

Pipeline 36 $540 $720

Bore & Jack 48 $1,920

Bore & Jack 54 $2,160

Bore & Jack 60 $2,400

Bore & Jack 72 $2,880

Bore & Jack 84 $3,360

Pipeline O&M Costs 1% of Capital Costs



Table D-2

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

Pump Station/Tank  Costs

Pump Station / Tank Site A

Option A.1 / A.5 (Reservoir No. 1-3 or 5-2) Qty. Unit Unit Cost Total

0.8 MG Reservoir (D = 83', Ht = 20'), above ground 0.8 MG $1,500,000 $1,200,000

Construction Contingency (30%) $360,000

Construction Subtotal $1,560,000

Property Acquisition 1.1 AC $500,000 $550,000

Admin, Design, CM, Legal (30%) $468,000

Class 4 Estimate Contingency (-15% / +30%; use +15%) $234,000

Project Subtotal $2,812,000

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $351,500

ESCALATED PROJECT COST TOTAL $3,163,500

Option A.2 (Reservoir No. 2-3 and Pump Station 2-3) Qty. Unit Unit Cost Total

2.4 MG Reservoir (D = 117', Ht = 30'), above ground 2.4 MG $1,500,000 $3,600,000

Pump Station (4 Pumps, 3300 gpm each, 400 HP each) 1,600 HP $5,400 $8,640,000

Construction Contingency (30%) $3,672,000

Construction Subtotal $15,912,000

Property Acquisition 1.1 AC $500,000 $550,000

Admin, Design, CM, Legal (30%) $4,773,600

Class 4 Estimate Contingency (-15% / +30%; use +15%) $2,386,800

Project Subtotal $23,622,400

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $2,952,800

ESCALATED PROJECT COST TOTAL $26,575,200

Option A.4 (Reservoir No. 4-4 and Pump Station 4-4) Qty. Unit Unit Cost Total

0.2 MG Reservoir (D = 59', Ht = 10'), above ground 0.2 MG $1,500,000 $300,000

Pump Station (4 Pumps, 3300 gpm each, 400 HP each) 1,600 HP $5,400 $8,640,000

Construction Contingency (30%) $2,682,000

Construction Subtotal $11,622,000

Property Acquisition 1.1 AC $500,000 $550,000

Admin, Design, CM, Legal (30%) $3,486,600

Class 4 Estimate Contingency (-15% / +30%; use +15%) $1,743,300

Project Subtotal $17,401,900

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $2,175,238

ESCALATED PROJECT COST TOTAL $19,577,138

Option A.6 (Reservoir No. 6-2 and Pump Station 6-2) Qty. Unit Unit Cost Total

2.4 MG Reservoir (D = 117', Ht = 30'), above ground 2.4 MG $1,500,000 $3,600,000

Pump Station (4 Pumps, 5830 gpm each, 600 HP each) 2,400 HP $4,400 $10,560,000

Construction Contingency (30%) $4,248,000

Construction Subtotal $18,408,000

Property Acquisition 1.1 AC $500,000 $550,000

Admin, Design, CM, Legal (30%) $5,522,400

Class 4 Estimate Contingency (-15% / +30%; use +15%) $2,761,200

Project Subtotal $27,241,600

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $3,405,200

ESCALATED PROJECT COST TOTAL $30,646,800



Table D-2

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

Pump Station/Tank  Costs

Pump Station / Tank Site B

Option B.1 / B.5 (Reservoir No. 1-3 or 5-2) Qty. Unit Unit Cost Total

0.8 MG Reservoir (D = 83', Ht = 20'), below ground 0.8 MG $2,200,000 $1,760,000

Construction Contingency (30%) $528,000

Construction Subtotal $2,288,000

Admin, Design, CM, Legal (30%) $686,400

Class 4 Estimate Contingency (-15% / +30%; use +15%) $343,200

Project Subtotal $3,317,600

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $414,700

ESCALATED PROJECT COST TOTAL $3,732,300

Option B.2 (Reservoir No. 2-3 and Pump Station 2-3) Qty. Unit Unit Cost Total

2.4 MG Reservoir (D = 117', Ht = 30'), below ground 2.4 MG $2,200,000 $5,280,000

Pump Station (4 Pumps, 3300 gpm each, 400 HP each) 1,600 HP $5,400 $8,640,000

Construction Contingency (30%) $4,176,000

Construction Subtotal $18,096,000

Admin, Design, CM, Legal (30%) $5,428,800

Class 4 Estimate Contingency (-15% / +30%; use +15%) $2,714,400

Project Subtotal $26,239,200

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $3,279,900

ESCALATED PROJECT COST TOTAL $29,519,100

Option B.4 (Reservoir No. 4-4 and Pump Station 4-4) Qty. Unit Unit Cost Total

0.2 MG Reservoir (D = 59', Ht = 10'), below ground 0.2 MG $2,200,000 $440,000

Pump Station (4 Pumps, 3300 gpm each, 400 HP each) 1,600 HP $5,400 $8,640,000

Construction Contingency (30%) $2,724,000

Construction Subtotal $11,804,000

Admin, Design, CM, Legal (30%) $3,541,200

Class 4 Estimate Contingency (-15% / +30%; use +15%) $1,770,600

Project Subtotal $17,115,800

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $2,139,475

ESCALATED PROJECT COST TOTAL $19,255,275

Option B.6 (Reservoir No. 6-2 and Pump Station 6-2) Qty. Unit Unit Cost Total

2.4 MG Reservoir (D = 117', Ht = 30'), below ground 2.4 MG $2,200,000 $5,280,000

Pump Station (4 Pumps, 5830 gpm each, 600 HP each) 2,400 HP $4,400 $10,560,000

Construction Contingency (30%) $4,752,000

Construction Subtotal $20,592,000

Admin, Design, CM, Legal (30%) $6,177,600

Class 4 Estimate Contingency (-15% / +30%; use +15%) $3,088,800

Project Subtotal $29,858,400

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $3,732,300

ESCALATED PROJECT COST TOTAL $33,590,700



Table D-2

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

Pump Station/Tank  Costs

Pump Station / Tank Site C

Option C.1 / C.5 (Reservoir No. 1-3 or 5-2) Qty. Unit Unit Cost Total

0.8 MG Reservoir (D = 83', Ht = 20'), above ground 0.8 MG $1,500,000 $1,200,000

Construction Contingency (30%) $360,000

Construction Subtotal $1,560,000

Admin, Design, CM, Legal (30%) $468,000

Class 4 Estimate Contingency (-15% / +30%; use +15%) $234,000

Project Subtotal $2,262,000

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $282,750

ESCALATED PROJECT COST TOTAL $2,544,750

Option C.2 (Reservoir No. 2-3 and Pump Station 2-3) Qty. Unit Unit Cost Total

2.4 MG Reservoir (D = 117', Ht = 30'), above ground 2.4 MG $1,500,000 $3,600,000

Pump Station (4 Pumps, 3300 gpm each, 400 HP each) 1,600 HP $5,400 $8,640,000

Construction Contingency (30%) $3,672,000

Construction Subtotal $15,912,000

Admin, Design, CM, Legal (30%) $4,773,600

Class 4 Estimate Contingency (-15% / +30%; use +15%) $2,386,800

Project Subtotal $23,072,400

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $2,884,050

ESCALATED PROJECT COST TOTAL $25,956,450

Option C.4 (Reservoir No. 4-4 and Pump Station 4-4) Qty. Unit Unit Cost Total

0.2 MG Reservoir (D = 59', Ht = 10'), above ground 0.2 MG $1,500,000 $300,000

Pump Station (4 Pumps, 3300 gpm each, 400 HP each) 1,600 HP $5,400 $8,640,000

Construction Contingency (30%) $2,682,000

Construction Subtotal $11,622,000

Admin, Design, CM, Legal (30%) $3,486,600

Class 4 Estimate Contingency (-15% / +30%; use +15%) $1,743,300

Project Subtotal $16,851,900

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $2,106,488

ESCALATED PROJECT COST TOTAL $18,958,388

Option C.6 (Reservoir No. 6-2 and Pump Station 6-2) Qty. Unit Unit Cost Total

2.4 MG Reservoir (D = 117', Ht = 30'), above ground 2.4 MG $1,500,000 $3,600,000

Pump Station (4 Pumps, 5830 gpm each, 600 HP each) 2,400 HP $4,400 $10,560,000

Construction Contingency (30%) $4,248,000

Construction Subtotal $18,408,000

Admin, Design, CM, Legal (30%) $5,522,400

Class 4 Estimate Contingency (-15% / +30%; use +15%) $2,761,200

Project Subtotal $26,691,600

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $3,336,450

ESCALATED PROJECT COST TOTAL $30,028,050



Table D-2

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

Pump Station/Tank  Costs

Pump Station / Tank Site D

Option D.3 / D.4 (Reservoir No. 3-3 or 4-3 and Pump Station 3-3 or 4-3) Qty. Unit Unit Cost Total

4.0 MG Reservoir (D = 151', Ht = 30'), below ground 4.0 MG $2,200,000 $8,800,000

Pump Station (3 Pumps, 1750 gpm each, 100 HP each) 300 HP $8,000 $2,400,000

Construction Contingency (30%) $3,360,000

Construction Subtotal $14,560,000

Admin, Design, CM, Legal (30%) $4,368,000

Class 4 Estimate Contingency (-15% / +30%; use +15%) $2,184,000

Project Subtotal $21,112,000

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $2,639,000

ESCALATED PROJECT COST TOTAL $23,751,000

Pump Station / Tank Site E

Option E.3 / E.4 (Reservoir No. 3-3 or 4-3 and Pump Station 3-3 or 4-3) Qty. Unit Unit Cost Total

4.0 MG Reservoir (D = 151', Ht = 30'), below ground 4.0 MG $2,200,000 $8,800,000

Pump Station (3 Pumps, 1750 gpm each, 100 HP each) 300 HP $8,000 $2,400,000

Relocate Park Facilities 1 LS $200,000 $200,000

Construction Contingency (30%) $3,420,000

Construction Subtotal $14,820,000

Admin, Design, CM, Legal (30%) $4,446,000

Class 4 Estimate Contingency (-15% / +30%; use +15%) $2,223,000

Project Subtotal $21,489,000

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $2,686,125

ESCALATED PROJECT COST TOTAL $24,175,125

Pump Station / Tank Site F

Option F.3 / F.4 (Reservoir No. 3-3 or 4-3 and Pump Station 3-3 or 4-3) Qty. Unit Unit Cost Total

4.0 MG Reservoir (D = 151', Ht = 30'), above ground 4.0 MG $1,500,000 $6,000,000

Pump Station (3 Pumps, 1750 gpm each, 100 HP each) 300 HP $8,000 $2,400,000

Extra Grading 1 LS $300,000 $300,000

Construction Contingency (30%) $2,610,000

Construction Subtotal $11,310,000

Property Acquisition 1.1 AC $500,000 $550,000

Admin, Design, CM, Legal (30%) $3,393,000

Class 4 Estimate Contingency (-15% / +30%; use +15%) $1,696,500

Project Subtotal $16,949,500

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $2,118,688

ESCALATED PROJECT COST TOTAL $19,068,188

Pump Station / Tank Site G

Option G.3 / G.4 (Reservoir No. 3-3 or 4-3 and Pump Station 3-3 or 4-3) Qty. Unit Unit Cost Total

4.0 MG Reservoir (D = 151', Ht = 30'), above ground 4.0 MG $1,500,000 $6,000,000

No Pump Station (but add 300 HP to Pump Station at SBWRP) 300 HP $8,000 $2,400,000

Electrical Power Line 3,300 LF $250 $825,000

Extra Grading 1 LS $300,000 $300,000

Construction Contingency (30%) $2,857,500

Construction Subtotal $12,382,500

Property Acquisition 1.1 AC $500,000 $550,000

Admin, Design, CM, Legal (30%) $3,714,750

Class 4 Estimate Contingency (-15% / +30%; use +15%) $1,857,375

Project Subtotal $18,504,625

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $2,313,078

ESCALATED PROJECT COST TOTAL $20,817,703



Table D-2

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

Pump Station/Tank  Costs

Unit Cost Parameters

Unit Cost Unit

Pump Station, 300 HP $8,000 $/HP

Pump Station, 1600 HP $5,400 $/HP

Pump Station, 2400 HP $4,400 $/HP

HP Cost

Pump Station, 300 HP 300 $2,400,000

Pump Station, 1600 HP 1,600 $8,640,000

Pump Station, 2400 HP 2,400 $10,560,000

Unit Cost Unit

Reservoir, above ground (0.8 to 4.0 MG) $1,500,000 MG

Reservoir, below ground (0.8 to 4.0 MG) $2,200,000 MG

Property $500,000 Acre

Relocate Park Facilities $200,000 LS

Extra Grading $300,000 LS

Electrical Power Line $250 LF

Pump Station O&M Costs 1% of Capital Costs

Pump Station Energy Cost see separate sheet



Table D-3a

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

Conveyance Scenario  Facilities

CS1 (Reservoir 1-1 & 1-2 and Pump Station 1-1 & 1-2) Qty. Unit Unit Cost Total

4.2 MG Recycled Reservoir (D=155', Ht=30'), above ground 4.2 MG $1,500,000 $6,300,000

Recycled Pump Station (3 pumps - 4,400 gpm / 250 HP each) 750 HP $6,000 $4,500,000

3.2 MG Advanced Reservoir (D=135', Ht=30'), above ground 3.2 MG $1,500,000 $4,800,000

Advanced Pump Station (4 pumps - 3,300 gpm / 600 HP each) 2,400 HP $4,400 $10,560,000

Construction Contingency (30%) $7,848,000

Construction Subtotal $34,008,000

Admin, Design, CM, Legal (30%) $10,202,400

Class 5 Estimate Contingency (-20% / +30%; use +30%) $10,202,400

Project Subtotal $54,412,800

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $6,801,600

ESCALATED PROJECT COST TOTAL $61,214,400

CS2 (Reservoir 2-1 & 2-2 and Pump Station 2-1 & 2-2) Qty. Unit Unit Cost Total

4.2 MG Recycled Reservoir (D=155', Ht=30'), above ground 4.2 MG $1,500,000 $6,300,000

Recycled Pump Station (3 pumps - 4,400 gpm / 250 HP each) 750 HP $6,000 $4,500,000

1.6 MG Advanced Reservoir (D=117', Ht=20'), above ground 1.6 MG $1,500,000 $2,400,000

Advanced Pump Station (4 pumps - 3,300 gpm / 250 HP each) 1,000 HP $5,800 $5,800,000

Construction Contingency (30%) $5,700,000

Construction Subtotal $24,700,000

Admin, Design, CM, Legal (30%) $7,410,000

Class 5 Estimate Contingency (-20% / +30%; use +30%) $7,410,000

Project Subtotal $39,520,000

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $4,940,000

ESCALATED PROJECT COST TOTAL $44,460,000

CS3 (Reservoir 3-1 & 3-2 and Pump Station 3-1 & 3-2) Qty. Unit Unit Cost Total

4.3 MG Recycled Reservoir (D=157', Ht=30'), above ground 4.3 MG $1,500,000 $6,450,000

Recycled Pump Station (3 pumps - 4,400 gpm / 250 HP each + 3 pumps - 2,500 gpm / 450 HP each) 2,100 HP $4,800 $10,080,000

0.2 MG Advanced Reservoir (D=59', Ht=10'), above ground 0.2 MG $1,500,000 $300,000

Advanced Pump Station (4 pumps - 3,300 gpm / 600 HP each) 2,400 HP $4,400 $10,560,000

Construction Contingency (30%) $8,217,000

Construction Subtotal $35,607,000

Admin, Design, CM, Legal (30%) $10,682,100

Class 5 Estimate Contingency (-20% / +30%; use +30%) $10,682,100

Project Subtotal $56,971,200

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $7,121,400

ESCALATED PROJECT COST TOTAL $64,092,600



City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

Conveyance Scenario  Facilities

CS4 (Reservoir 4-1 & 4-2 and Pump Station 4-1 & 4-2) Qty. Unit Unit Cost Total

4.3 MG Recycled Reservoir (D=157', Ht=30'), above ground 4.3 MG $1,500,000 $6,450,000

Recycled Pump Station (3 pumps - 4,400 gpm / 250 HP each + 3 pumps - 2,500 gpm / 450 HP each) 2,100 HP $4,800 $10,080,000

0.2 MG Advanced Reservoir (D=59', Ht=10'), above ground 0.2 MG $1,500,000 $300,000

Advanced Pump Station (4 pumps - 4,400 gpm / 250 HP each) 1,000 HP $5,800 $5,800,000

Construction Contingency (30%) $6,789,000

Construction Subtotal $29,419,000

Admin, Design, CM, Legal (30%) $8,825,700

Class 5 Estimate Contingency (-20% / +30%; use +30%) $8,825,700

Project Subtotal $47,070,400

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $5,883,800

ESCALATED PROJECT COST TOTAL $52,954,200

CS5 (Reservoir 5-1 and Pump Station 5-1) Qty. Unit Unit Cost Total

7.4 MG Recycled Reservoir (D=178', Ht=40'), above ground 7.4 MG $1,500,000 $11,100,000

Recycled Pump Station (3 pumps - 4,400 gpm / 250 HP each + 4 pumps - 5,830 gpm / 1,000 HP) 4,750 HP $3,200 $15,200,000

Construction Contingency (30%) $7,890,000

Construction Subtotal $34,190,000

Admin, Design, CM, Legal (30%) $10,257,000

Class 5 Estimate Contingency (-20% / +30%; use +30%) $10,257,000

Project Subtotal $54,704,000

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $6,838,000

ESCALATED PROJECT COST TOTAL $61,542,000

CS6 (Reservoir 6-1 and Pump Station 6-1) Qty. Unit Unit Cost Total

5.8 MG Recycled Reservoir (D=158', Ht=40'), above ground 5.8 MG $1,500,000 $8,700,000

Recycled Pump Station (3 pumps - 4,400 gpm / 250 HP each + 4 pumps - 5,830 gpm / 450 HP each) 2,550 HP $4,200 $10,710,000

Construction Contingency (30%) $5,823,000

Construction Subtotal $25,233,000

Admin, Design, CM, Legal (30%) $7,569,900

Class 5 Estimate Contingency (-20% / +30%; use +30%) $7,569,900

Project Subtotal $40,372,800

Escalation to Midpoint Constuction (March 2015 - 3 years at 4% per year = 12.5%) $5,046,600

ESCALATED PROJECT COST TOTAL $45,419,400

Unit Cost Parameters

Unit Cost Unit

Pump Station, 750 HP $6,000 $/HP

Pump Station, 1000 HP $5,800 $/HP

Pump Station, 2100 HP $4,800 $/HP

Pump Station, 2400 HP $4,400 $/HP

Pump Station, 2550 HP $4,200 $/HP

Pump Station, 4750 HP $3,200 $/HP

HP Cost

Pump Station, 750 HP 750 $4,500,000

Pump Station, 1000 HP 1,000 $5,800,000

Pump Station, 2100 HP 2,100 $10,080,000

Pump Station, 2400 HP 2,400 $10,560,000

Pump Station, 2550 HP 2,550 $10,710,000

Pump Station, 4750 HP 4,750 $15,200,000

Unit Cost Unit

Reservoir, above ground (0.2 to 7.5 MG) $1,500,000 MG

Reservoir, below ground (0.2 to 7.5 MG) $2,200,000 MG

Pump Station O&M Costs 1% of Capital Costs

Pump Station Energy Cost see separate sheet



Table D-3b

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

Conveyance Scenario  Costs

Cost Scenario Total Cost

Conveyance Scenario 1 $131,898,966

CS1 Facilities, Pipeline Alignment Option 1.1, PS/Tank Site C.1

Conveyance Scenario 2 $138,556,266

CS2 Facilities, Pipeline Alignment Option 1.2, PS/Tank Site C.2

Conveyance Scenario 3 $177,479,720

CS3 Facilities, Pipeline Alignment Option 1.3, PS/Tank Site F.3

Conveyance Scenario 4 $185,299,707

CS4 Facilities, Pipeline Alignment Option 1.4, PS/Tank Site F.4 + C.4

Conveyance Scenario 5 $155,307,767

CS5 Facilities, Pipeline Alignment Option 1.5, PS/Tank Site C.5

Conveyance Scenario 6 $166,668,467

CS6 Facilities, Pipeline Alignment Option 1.6, PS/Tank Site C.6



Table D-3c

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

Operation & Maintenance  Costs

Cost Scenario Total Cost

Conveyance Scenario 1

CS1 Facilities, Pipeline Alignment Option 1.1, PS/Tank Site C.1

Energy Costs $1,207,120

O&M Costs $1,318,990

Total $2,526,110

Conveyance Scenario 2

CS2 Facilities, Pipeline Alignment Option 1.2, PS/Tank Site C.2

Energy Costs $1,208,596

O&M Costs $1,385,563

Total $2,594,159

Conveyance Scenario 3

CS3 Facilities, Pipeline Alignment Option 1.3, PS/Tank Site F.3

Energy Costs $1,314,155

O&M Costs $1,774,797

Total $3,088,952

Conveyance Scenario 4

CS4 Facilities, Pipeline Alignment Option 1.4, PS/Tank Site F.4 + C.4

Energy Costs $1,779,368

O&M Costs $1,852,997

Total $3,632,365

Conveyance Scenario 5

CS5 Facilities, Pipeline Alignment Option 1.5, PS/Tank Site C.5

Energy Costs $1,932,401

O&M Costs $1,553,078

Total $3,485,479

Conveyance Scenario 6

CS6 Facilities, Pipeline Alignment Option 1.6, PS/Tank Site C.6

Energy Costs $1,933,877

O&M Costs $1,666,685

Total $3,600,562
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Table D-4

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

CONVEYANCE SCENARIO 1 - ENERGY COSTS

FACILITY ENERGY USE / COSTS

Pipeline 1-1

Capacity: 14.2 mgd Energy Use = None

Velocity: 6 fps Total Energy Cost = $0 $/yr

Diameter: 30 inch

Length (min): 39,280 feet

Length (max): 42,900 feet

Pressure (min): 15 psi

Pressure (min): 250 psi

Pump Station 1-1

Capacity: 12.6 mgd Energy Demand Charges = $3,429.30 $/mo

Pressure: 80 psi Yearly Energy Demand Charges = $41,151.60 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 3,335,553 kWh/yr

HP = 510 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $226,333.45 $/yr

Yearly Energy Cost = $267,485 $/yr

Pump Station 1-2

Capacity: 14.2 mgd Energy Demand Charges = $11,767.36 $/mo

Pressure: 250 psi Yearly Energy Demand Charges = $141,208.35 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 11,747,234 kWh/yr

HP = 1798 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $797,106.90 $/yr

Yearly Energy Cost = $938,315 $/yr

Storage Tank 1-1:

Capacity: 4.2 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr

Storage Tank 1-2:

Capacity: 3.2 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr

Storage Tank 1-3:

Capacity: 0.8 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr

Total Yearly Energy Costs for Conveyane Scenario 1: $1,207,120



Table D-4

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

CONVEYANCE SCENARIO 2 - ENERGY COSTS

FACILITY ENERGY USE / COSTS

Pipeline 2-1

Capacity: 14.2 mgd Energy Use = None

Velocity: 6 fps Total Energy Cost = $0 $/yr

Diameter: 30 inch

Length (min): 24,730 feet

Length (max): 28,170 feet

Pressure (min): 30 psi

Pressure (min): 100 psi

Pipeline 2-2

Capacity: 14.2 mgd Energy Use = None

Velocity: 6 fps Total Energy Cost = $0 $/yr

Diameter: 30 inch

Length (min): 14,550 feet

Length (max): 16,610 feet

Pressure (min): 15 psi

Pressure (min): 150 psi

Pump Station 2-1

Capacity: 12.6 mgd Energy Demand Charges = $3,429.30 $/mo

Pressure: 80 psi Yearly Energy Demand Charges = $41,151.60 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 3,335,553 kWh/yr

HP = 510 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $226,333.45 $/yr

Yearly Energy Cost = $267,485 $/yr

Pump Station 2-2

Capacity: 14.2 mgd Energy Demand Charges = $4,780.71 $/mo

Pressure: 100 psi Yearly Energy Demand Charges = $57,368.51 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 4,698,893 kWh/yr

HP = 719 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $318,842.76 $/yr

Yearly Energy Cost = $376,211 $/yr



City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

CONVEYANCE SCENARIO 2 - ENERGY COSTS

FACILITY ENERGY USE / COSTS

Pump Station 2-3

Capacity: 14.2 mgd Energy Demand Charges = $7,109.59 $/mo

Pressure: 150 psi Yearly Energy Demand Charges = $85,315.12 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 7,048,340 kWh/yr

HP = 1079 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $478,264.14 $/yr

Yearly Energy Cost = $563,579 $/yr

Storage Tank 2-1:

Capacity: 4.2 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr

Storage Tank 2-2:

Capacity: 1.6 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr

Storage Tank 2-3:

Capacity: 2.4 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr

Total Yearly Energy Costs for Conveyane Scenario 2: $1,208,596



Table D-4

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

CONVEYANCE SCENARIO 3 - ENERGY COSTS

FACILITY ENERGY USE / COSTS

Pipeline 3-1

Capacity: 7.0 mgd Energy Use = None

Velocity: 6 fps Total Energy Cost = $0 $/yr

Diameter: 20 inch

Length (min): 36,020 feet

Length (max): 38,750 feet

Pressure (min): 30 psi

Pressure (min): 250 psi

Pipeline 3-2

Capacity: 5.0 mgd Energy Use = None

Velocity: 6 fps Total Energy Cost = $0 $/yr

Diameter: 16 inch

Length (min): 3,260 feet

Length (max): 6,040 feet

Pressure (min): 15 psi

Pressure (min): 80 psi

Pipeline 3-3

Capacity: 14.2 mgd Energy Use = None

Velocity: 6 fps Total Energy Cost = $0 $/yr

Diameter: 30 inch

Length (min): 39,280 feet

Length (max): 42,900 feet

Pressure (min): 15 psi

Pressure (min): 250 psi

Pump Station 3-1

Capacity: 12.6 mgd Energy Demand Charges = $3,429.30 $/mo

Pressure: 80 psi Yearly Energy Demand Charges = $41,151.60 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 3,335,553 kWh/yr

HP = 510 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $226,333.45 $/yr

Yearly Energy Cost = $267,485 $/yr



City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

CONVEYANCE SCENARIO 3 - ENERGY COSTS

FACILITY ENERGY USE / COSTS

Pump Station 3-2

Capacity: 14.2 mgd Energy Demand Charges = $11,767.36 $/mo

Pressure: 250 psi Yearly Energy Demand Charges = $141,208.35 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 11,747,234 kWh/yr

HP = 1798 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $797,106.90 $/yr

Yearly Energy Cost = $938,315 $/yr

Pump Station 3-3

Capacity: 5.0 mgd Energy Demand Charges = $1,434.99 $/mo

Pressure: 80 psi Yearly Energy Demand Charges = $17,219.85 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 1,323,632 kWh/yr

HP = 203 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $89,814.86 $/yr

Yearly Energy Cost = $107,035 $/yr

Storage Tank 3-1:

Capacity: 4.3 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr

Storage Tank 3-2:

Capacity: 0.2 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr

Storage Tank 3-3:

Capacity: 4.0 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr

Total Yearly Energy Costs for Conveyane Scenario 3: $1,314,155



Table D-4

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

CONVEYANCE SCENARIO 4 - ENERGY COSTS

FACILITY ENERGY USE / COSTS

Pipeline 4-1

Capacity: 7.0 mgd Energy Use = None

Velocity: 6 fps Total Energy Cost = $0 $/yr

Diameter: 20 inch

Length (min): 36,020 feet

Length (max): 38,750 feet

Pressure (min): 30 psi

Pressure (min): 250 psi

Pipeline 4-2

Capacity: 5.0 mgd Energy Use = None

Velocity: 6 fps Total Energy Cost = $0 $/yr

Diameter: 16 inch

Length (min): 3,260 feet

Length (max): 6,040 feet

Pressure (min): 15 psi

Pressure (min): 80 psi

Pipeline 4-3

Capacity: 14.2 mgd Energy Use = None

Velocity: 6 fps Total Energy Cost = $0 $/yr

Diameter: 30 inch

Length (min): 24,730 feet

Length (max): 28,170 feet

Pressure (min): 30 psi

Pressure (min): 100 psi

Pipeline 4-4

Capacity: 14.2 mgd Energy Use = None

Velocity: 6 fps Total Energy Cost = $0 $/yr

Diameter: 30 inch

Length (min): 14,550 feet

Length (max): 16,610 feet

Pressure (min): 15 psi

Pressure (min): 150 psi



City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

CONVEYANCE SCENARIO 4 - ENERGY COSTS

FACILITY ENERGY USE / COSTS

Pump Station 4-1A

Capacity: 12.6 mgd Energy Demand Charges = $3,429.30 $/mo

Pressure: 80 psi Yearly Energy Demand Charges = $41,151.60 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 3,335,553 kWh/yr

HP = 510 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $226,333.45 $/yr

Yearly Energy Cost = $267,485 $/yr

Pump Station 4-1B

Capacity: 7.0 mgd Energy Demand Charges = $5,863.15 $/mo

Pressure: 250 psi Yearly Energy Demand Charges = $70,357.78 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 5,790,890 kWh/yr

HP = 886 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $392,940.02 $/yr

Yearly Energy Cost = $463,298 $/yr

Pump Station 4-2

Capacity: 14.2 mgd Energy Demand Charges = $4,780.71 $/mo

Pressure: 100 psi Yearly Energy Demand Charges = $57,368.51 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 4,698,893 kWh/yr

HP = 719 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $318,842.76 $/yr

Yearly Energy Cost = $376,211 $/yr

Pump Station 4-3

Capacity: 5.0 mgd Energy Demand Charges = $1,434.99 $/mo

Pressure: 80 psi Yearly Energy Demand Charges = $17,219.85 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 1,323,632 kWh/yr

HP = 203 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $89,814.86 $/yr

Yearly Energy Cost = $107,035 $/yr



City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

CONVEYANCE SCENARIO 4 - ENERGY COSTS

FACILITY ENERGY USE / COSTS

Pump Station 4-4

Capacity: 14.2 mgd Energy Demand Charges = $7,109.59 $/mo

Pressure: 150 psi Yearly Energy Demand Charges = $85,315.12 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 7,048,340 kWh/yr

HP = 1079 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $478,264.14 $/yr

Yearly Energy Cost = $563,579 $/yr

Storage Tank 4-1:

Capacity: 4.3 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr

Storage Tank 4-2:

Capacity: 0.2 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr

Storage Tank 4-3:

Capacity: 4.0 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr

Storage Tank 4-4:

Capacity: 0.2 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr

Total Yearly Energy Costs for Conveyane Scenario 4: $1,779,368



Table D-4

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

CONVEYANCE SCENARIO 5 - ENERGY COSTS

FACILITY ENERGY USE / COSTS

Pipeline 5-1

Capacity: 25.2 mgd Energy Use = None

Velocity: 6 fps Total Energy Cost = $0 $/yr

Diameter: 36 inch

Length (min): 39,280 feet

Length (max): 42,900 feet

Pressure (min): 15 psi

Pressure (min): 250 psi

Pipeline 5-2

Capacity: 2.5 mgd Energy Use = None

Velocity: 6 fps Total Energy Cost = $0 $/yr

Diameter: 12 inch

Length (min): 39,280 feet

Length (max): 42,900 feet

Pressure (min): 5 psi

Pressure (min): 15 psi

Pump Station 5-1A

Capacity: 12.6 mgd Energy Demand Charges = $3,429.30 $/mo

Pressure: 80 psi Yearly Energy Demand Charges = $41,151.60 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 3,335,553 kWh/yr

HP = 510 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $226,333.45 $/yr

Yearly Energy Cost = $267,485 $/yr

Pump Station 5-1B

Capacity: 25.2 mgd Energy Demand Charges = $20,787.69 $/mo

Pressure: 250 psi Yearly Energy Demand Charges = $249,452.29 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 20,847,203 kWh/yr

HP = 3190 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $1,414,584.07 $/yr

Yearly Energy Cost = $1,664,036 $/yr

Storage Tank 5-1:

Capacity: 7.4 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr



City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

CONVEYANCE SCENARIO 5 - ENERGY COSTS

FACILITY ENERGY USE / COSTS

Storage Tank 5-2:

Capacity: 0.8 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr

Total Yearly Energy Costs for Conveyane Scenario 5: $1,932,401



Table D-4

City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

CONVEYANCE SCENARIO 6 - ENERGY COSTS

FACILITY ENERGY USE / COSTS

Pipeline 6-1

Capacity: 25.2 mgd Energy Use = None

Velocity: 6 fps Total Energy Cost = $0 $/yr

Diameter: 36 inch

Length (min): 24,730 feet

Length (max): 28,170 feet

Pressure (min): 30 psi

Pressure (min): 100 psi

Pipeline 6-2

Capacity: 25.2 mgd Energy Use = None

Velocity: 6 fps Total Energy Cost = $0 $/yr

Diameter: 36 inch

Length (min): 14,550 feet

Length (max): 16,610 feet

Pressure (min): 15 psi

Pressure (min): 150 psi

Pipeline 6-3

Capacity: 2.5 mgd Energy Use = None

Velocity: 6 fps Total Energy Cost = $0 $/yr

Diameter: 12 inch

Length (min): 39,280 feet

Length (max): 42,900 feet

Pressure (min): 5 psi

Pressure (min): 15 psi

Pump Station 6-1A

Capacity: 12.6 mgd Energy Demand Charges = $3,429.30 $/mo

Pressure: 80 psi Yearly Energy Demand Charges = $41,151.60 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 3,335,553 kWh/yr

HP = 510 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $226,333.45 $/yr

Yearly Energy Cost = $267,485 $/yr



City of San Bernardino Municipal Water Department

Clean Water Factory Project

Recycled/Advanced Water Conveyance System

Engineering Analysis

CONVEYANCE SCENARIO 6 - ENERGY COSTS

FACILITY ENERGY USE / COSTS

Pump Station 6-1B

Capacity: 25.2 mgd Energy Demand Charges = $8,388.84 $/mo

Pressure: 100 psi Yearly Energy Demand Charges = $100,666.08 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 8,338,881 kWh/yr

HP = 1276 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $565,833.63 $/yr

Yearly Energy Cost = $666,500 $/yr

Pump Station 6-2

Capacity: 25.2 mgd Energy Demand Charges = $12,521.79 $/mo

Pressure: 150 psi Yearly Energy Demand Charges = $150,261.48 $/yr

Efficiency: 80%

HP = Q (gpm) x TDH (ft) Energy TOU = HP x 0.746 x 24 hrs/day x 365 days/year

3960 x Eff (%) Energy TOU = 12,508,322 kWh/yr

HP = 1914 Average Energy TOU Cost = 0.06785 $/kWh

Yearly TOU Energy Cost = $848,750.44 $/yr

Yearly Energy Cost = $999,012 $/yr

Storage Tank 6-1:

Capacity: 5.8 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr

Storage Tank 6-2:

Capacity: 2.4 MG Energy TOU = 2,000 kWh/yr

Average Energy TOU Cost = 0.22000 $/kWh

Yearly TOU Energy Cost = $440 $/yr

Total Yearly Energy Costs for Conveyane Scenario 6: $1,933,877
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