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SECTION 1 
INTRODUCTION  

 

An Optimum Basin Management Program (OBMP) for the Chino Basin (Figure 1-1) is being developed 
pursuant to a Judgment entered in the Superior Court of the State of California for the County of San 
Bernardino and a February 19, 1998 ruling as described below.  Pursuant to the Judgment, the Chino 
Basin Watermaster (Watermaster) files an annual report of Watermaster activities with the Court each 
year.  The information presented below regarding the Judgment, Watermaster, and the events leading up 
to the February 19, 1998 ruling was obtained from these annual reports. 

THE CHINO BASIN JUDGMENT AND WATERMASTER 

The Chino Basin Watermaster was established under a Judgment entered in the Superior Court of the 
State of California for the County of San Bernardino, entitled “Chino Basin Municipal Water District v. 
City of Chino et al,” (originally Case No. SCV 164327, file transferred August 1989, by order of the 
Court and assigned new Case No. RCV 51010).  The Honorable Judge Howard B. Wiener signed the 
Judgment on January 27, 1978.  The effective date of this Judgment for accounting and operations was 
July 1, 1977. 

The Judgment resulted from studies and discussions that began in the early 1970's and continued for 
several years. The initial action to formalize the producers’ intentions was the passage in 1974 of a 
“Memorandum of Agreement on the Chino Basin Plan.”  In January 1975, Senator Ruben S. Ayala 
introduced Senate Bill 222 (S.B. 222) in the California Legislature.  This bill authorized a production 
assessment levy of $2.00 per acre-foot per year for a period of three years.  The funds were utilized to 
finance the essential studies and negotiations to implement a water management program for the Chino 
Groundwater Basin. 

S.B. 222 was subsequently renumbered as a part of the Municipal Water District Law at Section 74120 of 
the Water Code.  It was approved by Governor Ronald Reagan and filed with the Secretary of State on 
June 28, 1975.  Three major groups that represented the majority of the producer’s interests became active 
in the early negotiations under S.B. 222.  The groups formalized into committees and eventually became 
known as the:  Overlying (Agricultural) Pool, including the State of California and minimal producers; 
Overlying (Non-Agricultural) Pool representing industries; and Appropriative Pool, representing cities, 
water districts and water companies.  Engineering, legal and other working sub-committees were formed 
to analyze and define specific problem areas.  Representatives of the three pools, when acting together, 
were called the “Watermaster Advisory Committee.”  The Watermaster Advisory Committee forwarded 
recommendations for formal action to the Chino Basin Municipal Water District (CBMWD), which was 
assigned the responsibility of administering S.B. 222.  Socio-economic, safe yield and other studies were 
conducted to provide the information necessary to reach an agreement regarding the allocation of rights 
between and within the pool committees. 

The Watermaster Advisory Committee was established as the policy setting body and charged with 
oversight of Watermaster’s discretionary activities.  Members of each of the three pool committees met 
regularly to transact the business concerns of its respective producers.  Decisions affecting more than one 
pool committee were forwarded to the Watermaster Advisory Committee.  The Judgment provided a 
method to determine the voting power of the producers on the committees, through a formula based on 
assessments paid in the prior year and allocated safe yield. 
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The Judgment declares that the safe yield of the Chino Basin is 140,000 acre-ft/yr, which is allocated 
among the three pools as follows: 

 
 Overlying agricultural pool 82,800 acre-ft/yr 
 Overlying non-agricultural pool 7,366 acre-ft/yr 
 Appropriative pool 49,834 acre-ft/yr 
 

A fundamental premise of the Judgment (aka the physical solution) is that all Chino Basin water users 
will be allowed to pump sufficient water from the Basin to meet their requirements.  To the extent that 
pumping exceeds the share of the safe yield, assessments are levied by the Watermaster to replace the 
overproduction.  The Judgment recognizes that there exists a substantial amount of available groundwater 
storage capacity in the Chino Basin that can be utilized for storage and conjunctive use of supplemental 
water and basin waters; makes utilization of this storage subject to Watermaster control and regulation; 
and provides that any person or public entity, whether or not a party to the Judgment, may make 
reasonable beneficial use of the available storage, provided that no such use shall be made except 
pursuant to a written storage agreement with the Watermaster. 

EVENTS LEADING UP TO THE FEBRUARY 19, 1998 RULING 

During fiscal year 1995-96, it was determined that the reappointment of the CBMWD board as 
Watermaster had not been submitted to the Court for approval in 1993.  In January 1996, a motion was 
made and supported by a majority of the Advisory Committee to appoint the Advisory Committee to 
serve as Watermaster.  Initially, this motion was supported by 71.64% of the Advisory Committee and as 
provided in Paragraph 16 of the Judgment, Watermaster Counsel was directed by the Advisory 
Committee to file the motion with the Court. A Watermaster Ad Hoc Transition Committee of pool 
members and interested parties was formed to work out the logistics involved with changing the 
Watermaster.  Shortly after the motion was filed, the case was assigned to the Honorable Judge J. Michael 
Gunn. Fifteen committee members attended the first Ad Hoc Transition Committee meeting on January 
31, 1996, and agreed unanimously to propose that an arbitrator or an arbitration process be put in place to 
address initial concerns raised by some parties to the Judgment regarding the Advisory Committee 
serving as Watermaster. 

By early March, the Overlying (Agricultural) Pool and a few appropriators had reconsidered their 
positions and were opposed to the motion to appoint the Advisory Committee as Watermaster, even with 
an arbitration process.  As a result, the motion was taken off calendar and additional Ad Hoc Transition 
Committee meetings were held.  These meetings resulted in the development of a proposal for a nine-
member board, which was approved by the Advisory Committee in April 1996.  Watermaster Counsel 
was directed to file a motion to appoint the nine-member board, which was set for hearing on June 18, 
1996. 

On June 3, 1996, CBMWD filed an ex-parte motion to shorten the time on a motion to appoint itself as 
Interim Watermaster, to appoint itself “nunc pro tunc” Watermaster and to disqualify Watermaster 
Counsel based on the allegation that Counsel had a conflict of interest in serving both Watermaster and 
the Advisory Committee.  The motion to shorten time was granted and the hearing was set for June 18, 
1996.  At the June 18, 1996 hearing, the Honorable Judge J. Michael Gunn granted the motions to appoint 
CBMWD nunc pro tunc and Interim Watermaster, and denied the motion to disqualify Watermaster 
Counsel.  The Judge also ordered the parties to meet and confer regarding the nine-member board 
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proposal, which continued the matter to a meet and confer among all the interested parties, held July 29, 
1996. 

July 29, 1996, was the first of two meet and confers, held at the City of Chino Council Chambers. 
Although there was much discussion on that date, the only substantive decision made was to hold an 
additional meet and confer on August 28, 1996.  

As a result of the second meet and confer, a three-member Watermaster Board proposal was submitted to 
the Court for hearing on September 18, 1996. As of the Court hearing date, only two of the three 
municipal water districts invited to participate on the proposed three-member Watermaster Board had 
responded affirmatively. CBMWD was expected to agree to participate after consideration at their 
October board meeting and the Court continued the motion until November 20, 1996. CBMWD did not 
take action to participate on the three-member Watermaster Board as anticipated and the motion was 
taken off calendar in November of 1996. Four additional workshops were held during late 1996 and into 
the early months of 1997. As a result, the original nine-member Watermaster Board proposal was 
modified and approved by the Watermaster Advisory Committee on January 30, 1997, by a majority vote 
of 67.99 percent. 

On March 11, 1997, a new motion to appoint a nine-member Watermaster Board was heard by the 
Honorable Judge J. Michael Gunn. On April 29, 1997, Judge Gunn issued a ruling which: 

• Appointed Anne J. Schneider, Esq. as Special Referee to make a recommendation to 
the Court regarding the issues raised by the motions. 

• Ordered CBMWD, the Advisory Committee, and the DWR (Department of Water 
Resources) to negotiate terms for the DWR to serve as Interim Watermaster. 

• Granted a motion submitted on March 6, 1997, by the law firm of Cihigoyenetche, 
Grossberg & Clouse, general counsel for CBMWD, to disqualify Watermaster 
Counsel.  

Negotiations began regarding the DWR serving as interim Watermaster through Special Counsel to the 
Watermaster Advisory Committee, James L. Markman, CBMWD Counsel, Jean Cihigoyenetche, and the 
attorneys for the DWR.  

Anne Schneider accepted the Court’s appointment to become a Special Referee and began the process 
necessary to make a recommendation to the Court. No substantial decisions were reached by fiscal year 
end and the matter continued into fiscal year 1997-98. 

The Special Referee held a special hearing on October 21, 1997, at the Watermaster offices. By mid 
December 1997, the Special Referee filed her written Report and Recommendation with the Court. Based 
on the Report and Recommendation, the Honorable J. Michael Gunn entered a ruling on February 19, 
1998 which: 

• Appointed the Nine-Member Board as Interim Watermaster. 
• Directed that an Optimum Basin Management Program be developed. 
• Directed negotiation with DWR be resumed. 
• Set hearing dates regarding:  

− The Optimum Basin Management Program (October 28, 1999). 

− Continuance of the Nine-Member Board (October 28, 1999). 
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− Status of negotiations with DWR to serve as Watermaster and to carry out Watermaster 
operations (September 30, 1999). 

This report documents the development of the OBMP for the Chino Basin pursuant to the Honorable J. 
Michael Gunn’s February 19,1998 ruling.    

PROCESS TO DEVELOP THE OBMP 

Since the ruling, the Watermaster, the producers, and other interested parties have met twice a month and 
held special workshops to develop the scope of work to prepare an OBMP and to cooperatively develop 
the OBMP.  The Court officially accepted the scope of work to develop the OBMP on November 5, 1998. 

Development of the OBMP required three parallel processes: institutional, engineering, and financial.  
The institutional process defined the management agenda, directed the engineering and financial 
processes, and built an institutional support for OBMP implementation.  The engineering process 
developed planning data and management elements, and evaluated the technical and economic 
performance of the management elements.  The financial process was supposed to develop alternative 
financing plans for the OBMP through its evolution.  However because of institutional complexity 
involved in developing regional water supply facilities and their related financing, most of the financial 
process will occur in the latter half of 1999 and into the year 2000 – after this document is submitted to 
the Court in October 1999. 

Institutional Process 

The institutional process consisted of the following tasks: 

Task 1 Identify needs and interests of interested parties. 

Task 2 Establish a meeting schedule necessary to complete the OBMP within the time 
frame allocated. 

Task 3 Develop and refine the scope of work based on identified needs. 

Task 4 Identify early implementation actions and develop a list of potential program 
(management) elements of the OBMP to balance needs and interests. 

Task 5 Evaluate program elements and develop recommended management and 
implementation plan. 

The first three tasks were completed with the submission of the recommended scope of work to the 
Special Referee and the Court.  Task 4 work was begun in June 1998 with several early implementation 
action items having already been approved and with initial management concepts submitted to begin the 
list of potential program elements of the OBMP.  The management concepts that were submitted 
represented concepts or implementation plans that described the party’s vision of the OBMP.  Submission 
of management concepts continued into July and August of 1998 and reflected the needs and interests that 
were previously identified for the OBMP. All proposals submitted were discussed and listed.   

As part of Task 5, those proposals that appeared the most promising were forwarded to the engineering 
and financial consultants for reconnaissance-level, technical, economic and financial analyses.  The 
results of the engineering and financial analyses were submitted to the producers and Watermaster for 
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review.   Working together, the producers and the Watermaster Board have developed an Optimum Basin 
Management Program for the Chino Basin. 

Engineering Process 

The engineering process consisted of the following tasks: 

Task 1 Develop Optimum Basin Management Program Criteria 

Task 2  Assess Current State of the Basin  

Task 3  Prepare Sections 1, 2, and 3 of the Optimum Basin Management Program 
document 

Task 4  Develop the Components of the Optimum Basin Management Program 

Task 5  Develop Implementation Plan  

Task 6  Finalize Optimum Basin Management Program document  

Tasks 1 and 2 define the basin problems, planning environment, and the needs and interests of the basin 
producers. Tasks 1, 2, and 3 were completed in December 1998 and draft Sections 1, 2, and 3 of the 
OBMP were provided to all interested parties for review.  A matrix was developed that contains the goals, 
impediments to the goal, action items to achieve the goals and the implications of the action items. This 
matrix was used to define the program elements of the OBMP.  Tasks 4 and 5 were engineering efforts to 
develop these elements and to describe the implementation process. 

Over time, the institutional process Tasks 4 and 5, and engineering process Tasks 4 and 5 merged and 
became one seamless process.  Completion of engineering process Task 6 will be completed when the 
financial process is completed sometime in the year 2000. 

ORGANIZATION OF THE OPTIMUM BASIN MANAGEMENT PROGRAM REPORT 

The OBMP report is being presented in two phases.  This document is the Phase I report and contains a 
description of the OBMP and the following additional sections: 

Section 2 – Current Physical State of the Basin – This section describes the state of the 
Basin in terms of historical groundwater levels, storage, production, water 
quality, and safe yield.  Current and projected water demands and water supply 
plans are described.  Problems in these areas are identified and potential solutions 
or solution processes are described.  

Section 3 – Goals of the Optimum Basin Management Program – This section describes 
the major issues defined by stakeholders in the OBMP process, the mission 
statement for the OBMP process and the goals for the OBMP process.  

Section 4 – Management Plan – This section describes program elements to achieve the 
goals of the OBMP, a management plan, and a process to periodically review and 
update the OBMP. 

Appendix A – Public Comments.  This appendix contains written correspondence and a 
transcript of public comments on the OBMP from a Watermaster hearing held on 
September 15, 1999 (bound separately). 
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The technical memoranda produced to support the program elements and implementation process 
described in Section 4 are on file at the Watermaster offices.  Copies are available upon request. 

The Phase II report consists of more detailed descriptions of capital-intensive and institutionally complex 
features of the OBMP.  The Phase 2 report will be bound separately. 
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SECTION 2 

STATE OF THE BASIN 
 

This section has been prepared for the OBMP stakeholders so that they will have a common starting point 
or frame of reference from which to develop the OBMP.  The stakeholders developed the outline of this 
section with input from the Special Referee. 

This section of the OBMP report describes the Basin, its physical state, future water demands in the 
Chino Basin area, and concludes with a summary of problems within the Basin. The physical state of the 
Basin includes a description of groundwater levels, groundwater storage, production patterns, 
groundwater quality, and safe yield.  These characteristics of the Basin are intimately related, as are the 
solutions to the problems associated with these characteristics.  Water demands in the Chino Basin area 
include an estimate of current water usage and future water demand projections for groundwater and other 
sources, an assessment of water quality conditions, and future projections of wastewater generation – 
including the relationship of source water quality and wastewater quality. 

DESCRIPTION OF THE BASIN 

The Chino Basin consists of about 235 square miles of the upper Santa Ana River watershed.  Figure 1-1 
illustrates the boundary of the Chino Basin as it is legally defined in the stipulated Judgment in the case of 
Chino Basin Municipal Water District vs. the City of Chino et al.  Figure 1-1 also shows the hydrologic 
boundary of the Basin, which is slightly different from the adjudicated boundary.  Chino Basin is an 
alluvial valley that is relatively flat from east to west and slopes from the north to the south at a one to 
two percent grade.  Valley elevation ranges from about 2,000 feet in the foothills to about 500 feet near 
Prado Dam.  Chino Basin is bounded: 

•  on the north by the San Gabriel Mountains and the Cucamonga Basin;  
•  on the east by the Rialto-Colton Basin, Jurupa Hills, and the Pedley Hills;  
•  on the south by the La Sierra area and the Temescal basin; and  
•  on the west by the Chino Hills, Puente Hills, and the Pomona and Claremont Basins. 
 

The Chino Basin is one of the largest groundwater basins in southern California with about 5,000,000 
acre-ft of water in the Basin and an unused storage capacity of about 1,000,000 acre-ft. Cities and other 
water supply entities produce groundwater for all or part of their municipal and industrial supplies; and 
about 300 to 400 agricultural users produce groundwater from the Basin.  The Chino Basin is an integral 
part of the regional and statewide water supply system.   Prior to 1978, the Basin was in overdraft.  After 
1978, the Basin has been operated as described in the 1978 Judgment in Chino Basin Municipal Water 
District vs. City of Chino et al. (Chino Judgment or Judgment). 

SURFACE WATER RESOURCES 

The principal drainage course of the Chino Basin is the Santa Ana River.  It flows 69 miles across the 
Santa Ana Watershed from its origin in the San Bernardino Mountains to the Pacific Ocean.  The Santa 
Ana River enters the Basin at the Riverside Narrows and flows along the southern boundary to the Prado 
Flood Control Reservoir where it is eventually discharged through the outlet at Prado Dam.  Chino Basin 
is traversed by a series of ephemeral and perennial streams that include:  Chino Creek, San Antonio 
Creek, Cucamonga Creek, Deer Creek, Day Creek, Etiwanda Creek and San Sevaine Creek.  Figure 2-1 
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illustrates the stream system in the Chino Basin.  San Antonio Creek joins Chino Creek and along with 
Cucamonga Creek, discharges directly into the Prado Reservoir.  Cucamonga Creek changes its name to 
Mill Creek just north of the Prado Reservoir.  Deer Creek was realigned and now discharges into 
Cucamonga Creek.  Currently, Etiwanda Creek discharges into Day Creek at Wineville Basin.  In the near 
future, Etiwanda Creek will be joined with San Sevaine Creek.  Day Creek and San Sevaine Creek flow 
south and enter the Santa Ana River upstream of the Prado Reservoir.   

These creeks carry significant flows only during, and for a short time after, intermittent storms that 
typically occur from November through March.  Year-round flow occurs along the entire reach of the 
Santa Ana River due to year round surface inflows at Riverside Narrows, discharges from municipal 
water recycling plants that discharge in the River between the narrows and Prado Dam, and rising 
groundwater.  Rising groundwater occurs in Chino Creek, in the Santa Ana River at Prado Dam, and 
potentially other locations on the Santa Ana River depending on climate and season.  The rising 
groundwater in Chino Creek and the Santa Ana River contains high concentrations of total dissolved 
solids (TDS).  Year-round discharges are sustained:  

•  in Chino Creek from the Inland Empire Utilities Agency (IEUA) Regional Plant No. 
2 (RP2) to the Prado Reservoir, the source of which is from recycled water 
discharges from RP2; and  

•  in Cucamonga Creek from IEUA Regional Plant No. 1 (RP1) to the Prado Reservoir, 
the source of which is from recycled water discharges from RP1.  

Significant nuisance flows have developed in Cucamonga Creek above RP1, the source of which is excess 
landscape irrigation and other outside urban uses.  Some of the storm water runoff from the San Gabriel 
Mountains and urban areas is diverted for recharge in flood retention and spreading basins.  These basins 
are shown in Figure 2-1.  

Geology 

Chino Basin was formed when eroded sediments from the San Gabriel Mountains, the Chino Hills, 
Puente Hills, and the San Bernardino Mountains filled a structural depression.  The formation of the 
Basin is described in detail in the Final Task 2.2 and 2.3 Report, Describe Watershed Hydrology and 
Identify Current TDS and TIN Inflows in the Watershed (Wildermuth, 1997).  The bottom of the Basin – 
the effective base of the freshwater aquifer – consists of impermeable sedimentary and igneous rocks.  
The base of the aquifer is overlain by older alluvium of the Pleistocene period followed by younger 
alluvium of the Holocene period.  

The younger alluvium varies in thickness from over 100 feet near the mountains to a just few feet, south 
of Interstate 10 and generally covers most of the north half of the Basin in undisturbed areas.  The 
younger alluvium is not saturated and thus does not yield water directly to wells.  Water percolates readily 
in the younger alluvium and most of the large spreading basins are located in the younger alluvium. 

The older alluvium varies in thickness from about 200 feet thick near the southwestern end of the Basin to 
over 1,100 feet thick southwest of Fontana, and averages about 500 feet throughout the Basin.  Well 
capacities range between 500 and 1,500 gallons per minute (gpm).  Well capacities exceeding 1,000 gpm 
are common, with some modern production wells test-pumped at over 4,000 gpm (e.g., Ontario Wells 30 
and 31 in southeastern Ontario).  In the southern part of the Basin where sediments tend to be more 
clayey, wells generally yield 100 to 1,000 gpm.  Three main water-bearing (hydrostratigraphic) units were 
identified by Montgomery Watson (1992) during the development of a three-dimensional groundwater 
model of the Basin.  Figure 2-2 shows the locations of two (of seven) generalized cross-sections through 
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the Chino Basin.  These generalized cross-sections illustrate these main aquifer units and are shown in 
Figures 2-3 and 2-4. 

Faults are one of the principal agents in the development of the landscape and restriction of groundwater 
flow in the Chino Basin.  The basin is bounded by major fault systems along which the mountains and 
hills have been uplifted.  The location of fault and groundwater barriers, and displacements in the 
effective base of the aquifer at faults are shown in Figure 2-2.  The faults and groundwater barriers are 
significant in that they define the external boundaries of the Basin and influence the magnitude and 
direction of groundwater flow near the boundaries.   

MAJOR FLOW SYSTEMS 

While considered one basin from geologic and legal perspectives, the Chino Basin can be hydrologically 
subdivided into at least five flow systems that act as separate and distinct basins.  Figure 2-5 is a 
groundwater elevation contour map for fall of 1997.  Figure 2-5 also shows the location of five 
groundwater flow systems developed during the TDS and Nitrogen Study (Wildermuth, 1999) of which 
the Watermaster, the Chino Basin Water Conservation District (CBWCD), and the IEUA are study 
participants.  Each flow system has a unique hydrology, and water resource management activities that 
occur in each flow system have little or no impact on the other systems.  Each flow system can be 
considered a management zone. These management zones can be subdivided further if necessary to define 
and manage flow systems at a finer scale.  These management zones are used to characterize the 
groundwater level, storage, production, and water quality conditions. Figure 2-6 shows these management 
zones relative to the subbasins used in the 1995 Regional Water Quality Control Plan (Basin Plan) for the 
Santa Ana Watershed.  The Regional Water Quality Control Board, Santa Ana Region (Regional Board) 
has established water quality objectives for these subbasins and writes waste discharge requirements for 
waste dischargers based in part on these objectives.  Presently, the Basin Plan subbasin boundaries and 
objectives are being rigorously reviewed.  New boundaries similar to the management zone boundaries 
have been proposed.  Revised boundaries and water quality objectives should be adopted sometime in the 
year 2000. 

Management Zone 1.  Management Zone 1 is bounded: 

• on the southwest by the Chino and Puente Hills, 
• on the northwest by the San Jose fault that separates Chino Basin from the Pomona 

and Claremont Heights Basins, 

• on the north by an unnamed non-echelon fault system associated with the 
Cucamonga and Red Hill faults and separates the Chino Basin from the Cucamonga 
Basin, 

• and on the east by a line that stretches from the southern most edge of the Red Hill 
fault to Prado Dam. 

Groundwater in Management Zone 1 flows generally south with some localized flows to the west in 
response to groundwater production.  Sources of water to Management Zone 1 include direct percolation 
of precipitation, returns from irrigation, recharge of storm flows and imported water in spreading basins, 
and subsurface inflow from the Pomona, Claremont Heights, and Cucamonga Basins.  Discharge is 
through groundwater production and as rising groundwater in Chino Creek and the Santa Ana River.   
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Management Zone 2.  Management Zone 2 is bounded: 

• on the west by Management Zone 1,  

• on the north by the Red Hill fault that separates the Chino Basin from the Cucamonga 
Basin,  

• on the northeast by a segment of the Rialto-Colton fault, 

• and on the east by a segment of Barrier J and a line extending from Barrier J in a 
southwesterly direction to a point of convergence with other management zone 
boundaries near Prado Dam. 

Groundwater in Management Zone 2 flows generally in a southwesterly direction in the northern half of 
the management zone and then due south in the southern half of the zone.  Sources of water to 
Management Zone 2 include direct percolation of precipitation, returns from irrigation, recharge of storm 
flows and imported water in spreading basins and subsurface inflow from the part of the Rialto Basin 
northwest of Barrier J and the Cucamonga Basin. Discharge is mainly through groundwater production 
and potentially small amounts of rising groundwater in the Prado Reservoir area. 

Management Zone 3.  Management Zone 3 is bounded: 

• on the west by Management Zone 2,  

• on the northeast by the Rialto-Colton fault that separates the Chino Basin from the 
Rialto Basin,  

• on the southeast by the Bloomington divide, Jurupa Hills and line projecting from the 
most western extension of the Jurupa Hills to a point of convergence with other 
management zone boundaries near Prado Dam.   

Groundwater in Management Zone 3 flows generally in a southwesterly direction.  Sources of water to 
Management Zone 3 include direct percolation of precipitation, returns from irrigation, and subsurface 
inflow from the part of the Rialto Basin southeast of Barrier J.  Discharge is mainly through groundwater 
production and potentially small amounts of rising groundwater in the Prado Reservoir area. 

Management Zone 4.  Management Zone 4 is bounded 

• on the west by Management Zone 3,  
• on the north by the Jurupa Hills,  
• on the southeast by the Pedley Hills, and  
• on the south by Management Zone 5.  

Groundwater in Management Zone 4 flows west.  Sources of water to Management Zone 4 include direct 
percolation of precipitation, and returns from irrigation.  Discharge is through groundwater production.   

Management Zone 5.  Management Zone 5 is bounded: 

• on the north and west by the Management Zones 3 and 4, Prado Dam, 
• on the east by the Riverside Narrows, and  
• on the south by the La Sierra area and Temescal Basin.  

Sources of water to Management Zone 5 include streambed percolation in the Santa Ana River, direct 
percolation of precipitation, returns from irrigation and subsurface inflow from the Temescal Basin.  
Discharge is through groundwater production, consumptive use by phreatophytes, and rising groundwater 
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in the Prado Reservoir area, and potentially other locations on the Santa Ana depending on climate and 
season. 

GROUNDWATER LEVELS AND STORAGE  

Historical Groundwater Level Monitoring 

Various entities have collected groundwater-level data in the past.  Municipal and agricultural water 
supply entities have historically collected groundwater-level data in programs that range from irregular, 
study-oriented measurements to long-term periodic measurements.  Groundwater-level measurements 
were made for specific investigations such as various California Department of Water Resources (DWR) 
studies, the 1969 Judgment on the Santa Ana River (Orange County Water District vs. City of Chino et 
al.), and the Chino Basin Judgment (Chino Basin Municipal Water District vs. City of Chino et al.).  The 
spatial extent and temporal history of groundwater-level measurements south of State Route 60 have 
always been less than north of State Route 60.  The DWR and the San Bernardino County Flood Control 
District (SBCFCD) were very active in collecting groundwater-level measurements in the Chino Basin 
prior to the settlement of the Chino Basin adjudication.  After the Judgment was entered in 1978, the 
water level monitoring south of State Route 60 stopped almost completely except for the cities of Chino, 
Chino Hills, and the Jurupa Community Services District (JCSD).  Most of the pre-1978 measurements 
were digitized by the DWR. 

Watermaster conducted its first mass groundwater-level monitoring program for the Chino Basin in the 
spring of 1986.  In 1989, Watermaster initiated a more regular monitoring program for the Basin with 
groundwater-level measurements obtained in 1990, and periodically thereafter through 1997.  
Watermaster’s program relies on municipal producers and other government agencies supplying their 
groundwater-level measurements on a cooperative basis.  Watermaster staff supplements these data with 
groundwater-level measurements collected by staff, primarily south of State Route 60.  In addition to 
Watermaster staff efforts, private contractors conducting well efficiency tests collect groundwater-level 
measurements and submit these measurements to Watermaster.  Watermaster has digitized all of these 
recent measurements.  Watermaster has combined digitized groundwater-level measurements from all 
known sources into a database structure that is maintained at Watermaster’s office. 

Watermaster began a process to develop a comprehensive groundwater-level monitoring program in the 
spring of 1998.  The process consists of collecting groundwater-level data at all wells in the Basin from 
which groundwater-level measurements can be obtained for fall 1999, spring 2000, fall 2000, and spring 
2001.  These data will be mapped and reviewed.  Based on this review and Watermaster management 
needs, a long-term water-level monitoring program will be developed and implemented in the fall of 
2001. 

Historical Groundwater Levels 

This section describes the groundwater-level time histories in the Chino Basin by management zone and 
characterizes the differences between management zones.  Figure 2-7 illustrates the location of wells 
whose groundwater-level time histories are discussed herein and the management zone boundaries 
described in Section 1.  The wells were selected based on length of record, completeness of record, and 
geographical distribution.  Wells discussed herein are identified by their state well number.  The behavior 
of groundwater-levels at specific wells is compared to climate, to pre- and post-Judgment periods, and to 
other factors as appropriate. 
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Management Zone 1.  Wells 01S07W08N01 (Figure 2-8) and 01S08W11R01 and 01S08W14A03 
(Figure 2-9) illustrate typical groundwater-level time histories in the northern end of Management Zone 1. 
The accumulated departure from mean precipitation (ADFM) curve is plotted on Figures 2-8 and 2-9 to 
illustrate climatic conditions.  Positive sloping lines on the ADFM curve imply wet years or wet periods.  
Negatively sloping lines imply dry years or dry periods.  For example, the period between 1937 to 1944 
and 1978 to 1983 are extremely wet periods, and are represented as positively sloping lines.  The period 
1945 through 1977 is a drought period and is represented as a negatively sloping line, punctuated with a 
few wet years (positively sloped in 1952, 1958 and 1969).  Short-term groundwater-level fluctuations 
shown in these figures are caused by including static and dynamic observations in the groundwater-level 
time histories.  These time histories follow the climatic trends very closely with the 01S08W11R01 and 
0S08W14A03 (westernmost wells) being slightly more sensitive to high rainfall years than 01S7W08N01 
(eastern well).  The groundwater-level response in well 01S7W08N01 lags the 1937 to 1944 and the 1978 
to 1983 wet periods by about three to four years.  By comparison, wells 01S08W11R01 and 
0S08W14A03 responded to the 1978 to 1983 wet period within a year.  The difference in response time is 
due to proximity of recharge to the area near the wells.  Wells 01S08W11R01 and 0S08W14A03 are 
relatively close the Upland and Montclair Basins.  Well 01S7W08N01 is two miles east of wells 
01S08W11R01 and 0S08W14A03 with no significant recharge facilities nearby.  In addition, the 
Metropolitan Water District of Southern California (MWDSC) recharged large quantities of State Water 
Project (SWP) water in the Montclair Basins during the period 1978 to 1983.  The depth to water in the 
vicinity of these wells ranged from about 460 feet in the late 1920s to about 600 feet in 1996.   

Wells 01S08W28E01 (Figure 2-10) and 01S08W31J01 and 01S08W33D01 (Figure 2-11) are about three 
miles south of wells 01S08W11R01 and 01S08W14A03 (Figure 2-9).  These wells follow the general 
climatic trend, but show essentially no response to intermittent wet years in 1952, 1958, and 1969.  The 
post-1977 groundwater-level increase is due to the 1978 to 1983 wet period, the reduction in overdraft 
following the implementation of the Chino Basin Judgment, the initiation of groundwater replenishment 
with imported water, and the reduction in pumping due to increased use of imported surface water.  The 
groundwater-level response in these wells responded to the 1978 to 1983 wet period within a year.  The 
depth to water in the vicinity of these wells ranged from about 130 to 160 feet in the late 1920s to about 
150 to 280 feet in 1996 with well 01S08W28E01 showing the greatest depth to water.  Well 
01S08W28E01 is a municipal production well owned by the City of Pomona and is located in an area of 
regionally depressed groundwater levels. 

Wells 02S08W04P01 and 02S08W12F01 (Figure 2-12) are located about two to three miles south of well 
01S08W28E01 (Figure 2-10) and wells 01S08W31J01 and 01S08W33D01 (Figure 2-11).  These wells 
follow the general climatic trend, but show essentially no response to intermittent wet years in 1952, 1958 
and 1969.  The groundwater-level responses in these wells lag the 1937 to 1944 and the 1978 to 1983 wet 
periods by about two to three years.  The response to the 1937 to 1944 wet period is surprisingly subtle 
compared to most other wells with contemporaneous time histories in Management Zone 1.  This 
suggests that recharge in the area is low and that production is high.  The post-1977 groundwater level 
increase for 02S08W04P01 is due to the 1978 to 1983 wet period, the reduction in overdraft following the 
implementation of the Chino Basin Judgment, the initiation of groundwater replenishment with imported 
water, and the reduction in pumping due to increased use of imported surface water.  The depth to water 
in the vicinity of these wells ranged from about 20 to 40 feet in the late 1920s to about 200 feet in 1982. 

From north to the south, the following observations can be made regarding time histories of groundwater 
levels in Management Zone 1: 

• groundwater levels are down from observed period of record highs in the late 1920s;   
• the lowest groundwater levels were observed around 1977;  
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•  groundwater levels have recovered slightly since 1977 due in part to the wet period 
of 1978 to 1983, reduction in overdraft after 1977, the initiation of groundwater 
replenishment with imported water, and the reduction in pumping due to increased 
use of imported surface water;  

•  a condition of long-term overdraft has occurred in this management zone with 
groundwater levels dropping by about 100 to 140 feet between the late 1920s to the 
present with most of the decline prior to 1977 and the Chino Basin Judgment (1978). 

Management Zone 2.  Figure 2-13 contains groundwater-level time histories for 01S07W14G01, 
01S07W27D01, and 02S07W09M01.  These wells are aligned north to south, approximately along a flow 
line.  The groundwater-level time histories in Figure 2-13 show a general decline since before the 1937 to 
1944 wet period, with little or no response to wet years until 1978.   The post-1977 increase is probably 
due to the combination of 1978 to 1983 wet period, reduction in overdraft following the implementation 
of the Chino Basin Judgment, the start of artificial replenishment with imported water in the San Sevaine 
and Etiwanda flood control basins, and the increased use of imported surface water.  The depth to water 
for 01S07W27D01 ranged from about 200 feet in the late 1920s to about 380 feet in 1974, a decline in 
groundwater levels of about 180 feet. 

Management Zone 3.   Figure 2-14 contains time histories for wells 01S06W11B01 and 01S05W16C01 
that are located in the most upgradient part of Management Zone 3.  The groundwater-level observations 
in these wells follow the general climatic trend.  The groundwater-level time history for well 
01S06W16C01 shows a general decline since the 1920s and a general non-responsiveness to significant 
wet years or periods.  For example, there is a slight response to the 1937 to 1944 and 1978 to 1983 wet 
periods and no response to wet years in 1952, 1958, and 1969.  Well 01S06W11B01 behaves in a similar 
manner with slightly less responsiveness.  The lack of responsiveness is due to the lack of significant 
sources of recharge.  There are no major streams or recharge basins in the upper part of Management 
Zone 3.  The peak groundwater levels for both of these wells are lagged about three years behind the 
peaks in the ADFM curve for the 1937 to 1944 and 1978 to 1983 wet periods.  The depth to water ranges 
from about 360 to 430 feet in the late 1920s to about 430 to 540 in 1978 for wells 01S05W16C01 and 
01S06W11B01, respectively.  The groundwater decline from the 1920s to the early 1990s is about 20 feet 
and 60 feet for wells 01S05W16C01 and 01S06W11B01, respectively.  Figure 2-15 is a similar plot for 
wells 01S05W30L01 and 01S06W23D01.  These wells have similar response characteristics as 
01S06W11B01 and 01S05W16C01 with about 60 to 70 feet of groundwater decline over the period from 
the late 1920s to the early 1990s. 

The relative amount of decline from 1920s to 1977 is less in Management Zone 3 than in Management 
Zone 1.  This is due to greater production in Management Zone 1 than in Management Zone 3 and 
because of the specific yield (fraction of usable groundwater per unit volume), which is greater in the 
eastern portion of Chino Basin than in the western portion.  The alluvium in the eastern part of the Chino 
Basin is derived from granitic rocks of the San Gabriel Mountains.  The alluvium on the west side of 
Chino Basin is derived in part from the San Gabriel Mountains and marine sedimentary rocks of the 
Chino and Puente Hills.  The latter produce finer-grained alluvium with more clay and poorer storage 
properties. 

Figure 2-16 contains time histories for wells 02S06W05B01 and 02S07W34H01.  These wells are aligned 
northeast to southwest, approximately along a flow line.  The groundwater-level time histories end in the 
late 1970s or early 1980s, as is typical for agricultural wells in the southern half of the Basin.  These time 
histories follow the general climatic trend, however, there is trend among the wells of a decreasing 
climatic influence from northeast to southwest.  The depth to water for 02S06W05B01 ranged from 130 
feet in the late 1920s, to about 200 feet in 1978, a decline in groundwater levels of about 70 feet. 
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Management Zone 4.  Management Zone 4 is bounded on the north by the Jurupa Hills, on the east by 
the Pedley Hills, on the south by Management Zone 5 and on the west by Management Zone 3.  The only 
outflow from Management Zone 4 is by production.  Figure 2-17 contains groundwater-level time 
histories for wells 02S06W16B02 and 02S06W14C02.  These wells generally follow the climatic trend.  
The depth to water for 02S06W14C02 ranged from about 7 feet in 1945 to about 17 feet in 1993, 
corresponding to an overall decline in groundwater levels of about 10 feet for this period.   

Management Zone 5.  Management Zone 5 is bounded on the north and west by the Management Zones 
3 and 4, on the east by the Riverside Narrows and on the south by various unnamed hills.  Figure 2-18 
contains time histories for wells 02S07W36H02, 02S06W26D02, and 03S07W03N01.  Groundwater 
levels in these wells follow the general climatic trend.  However, wells 2S07W36H02 and 03S07W03N01 
are much less responsive than well 02S07W26D02 due to the stabilizing effects of being adjacent to the 
Santa Ana River.  The depth to water for 02S07W26D02 ranged from about 24 feet in 1939 to about 28 
feet in 1992, corresponding to an overall decline in groundwater levels of about 4 feet for this period. 

For the most part, the response of groundwater levels in the Chino Basin to significant storms and wet 
climatic periods is small.  There are two reasons for this. First, the mountain drainage areas tributary to 
the Chino Basin are relatively small compared to the size of Chino Basin (235 square miles) and the 
amount of water in storage (~5,000,000 acre-ft).  The mountain drainage areas tributary to the Chino 
Basin areas are: 
 

 San Antonio Creek 17.7 sq mi 
 Cucamonga Creek 13.6 
 Deer Creek 6.4 
 Day Creek 7.7 
 Etiwanda Creek 6.7 
 San Sevaine Creek 9.7 
 
 Total 61.7 sq mi 

 

San Antonio Creek is mostly diverted for direct use and recharge in the Claremont Heights and 
Cucamonga Basins.  Cucamonga, Deer, and Day Creeks are diverted for direct use and recharge in the 
Cucamonga Basin.  Large storm flows from these creeks can make it into the Chino Basin, however these 
channels are concrete-lined and consequently large amounts of storm flow are not recharged.  In contrast, 
San Bernardino area groundwater basins (Bunker Hill and Lytle Basins) – located just to the east of the 
Chino Basin – consist of about 120 square miles of aquifer and with about 466 square miles of tributary 
areas in the San Gabriel and San Bernardino mountains.  The groundwater level response in the Chino 
Basin due to wet years is small, on the order of a few feet to tens of feet.  In contrast, the San Bernardino 
area groundwater-level response to significant wet years and climatic periods could range from 100 to 
300 feet. 

Regional Groundwater Level Changes  

Figures 2-19 and 2-20 are groundwater elevation contour maps for the Chino Basin for 1997 and 1933, 
respectively.  The 1997 map is based on data collected in Watermaster’s ongoing monitoring programs 
and is representative of current conditions.  The 1933 map is based on groundwater-level data compiled 
and ma pped by the DWR.  Figure 2-21 shows the change in groundwater level from 1933 to 1997 based 
on the groundwater elevation maps for 1933 and 1997.  The regional groundwater decline by management 
zone is: 
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Management 
Zone 

Range 

1 50 to 150 feet 
2 50 to 100 feet 
3 50 to 100 feet 
4 less than 50 feet 
5 less than 50 feet 

 

Figure 2-22 is a map similar to Figure 2-21 with the water service area boundaries shown in place of 
management zone boundaries.  The areas of greatest regional groundwater decline underlie the city of 
Pomona, the Monte Vista Water District, the City of Chino, and the western half of the City of Ontario. 

Figure 2-23 shows the depth to water for fall 1997.  Mendenhall surveyed the Basin in 1902 and found 
parts of the Chino Basin to be artesian as evidenced by springs and marshy areas (Mendenhall, 1904).  
This artesian area is also shown on Figure 2-23.  In the artesian areas, the historical groundwater level or 
piezometric surface was at or exceeded the ground surface. Figure 2-23 suggests that the regional 
groundwater decline in the western Chino Basin is up to 200 feet since 1902. Groundwater levels appear 
to have stabilized since the Chino Basin Judgment was implemented and groundwater production has 
been managed within the Basin’s safe yield.  However, there may still be areas experiencing localized 
overdraft including the area overlain by the Cities of Chino, Chino Hills, Pomona, the western portion of 
the City of Ontario, and the Monte Vista Water District.  Todd defines the safe yield of a groundwater 
basin as the amount of water that can be withdrawn annually without producing an undesirable result.  
Withdrawal or production is excess of safe yield is an overdraft.  Domenico (1972) defines undesirable 
results to include not only the depletion of groundwater in storage but also intrusion of water of 
undesirable quality, contravention of existing water rights, and the deterioration of the economic 
advantages of pumping.  Cherry (1979) includes subsidence in the list of undesirable results. 

The significant issues related to large-scale regional groundwater declines in the Chino Basin include:  
decline in storage, higher pumping costs, loss of production capacity, water quality degradation, and 
subsidence.  

In the mid-1970s, ground fissuring was identified in the southwestern portion of Chino Basin.  Ground 
fissuring in this area has continued to the present, and subsidence has been documented and identified as 
the cause of ground fissuring (Kleinfelder, 1993; 1996).  Kleinfelder documented regional subsidence 
through an analysis of topographic benchmarks from 1987 to 1993, 1993 to 1995, and from 1995 to 1999.  
The resulting contour maps of equal differences in elevation revealed a north-south trending, elongated 
area of subsidence underlying the City of Chino and California Institute of Men (CIM) (see Figures 2-23 
and 2-24).  Maximum subsidence over the period 1987-1995 was reported to be about 2 feet located along 
Central Avenue between Schaefer and Eucalyptus Avenues.  However, about one foot (or 50 percent) of 
this subsidence occurred over the period from 1993-1995 – indicating that the rate of subsidence has 
increased. This was confirmed independently by scientists at the Jet Propulsion Laboratories using remote 
sensing (see www-radar.jpl.nasa.gov/sect323/InSar4crust/LosAngeles.html).  Kleinfelder (1993; 1996) 
concluded that regional subsidence was caused by localized groundwater overdraft and declining 
groundwater levels.  The reasoning to support this conclusion is four-fold: 

•  As shown in Figure 2-23, the area of regional subsidence and ground fissuring 
geographically coincides with the late 1800s artesian area mapped by Mendenhall 
(1904, 1908) – an area that has experienced extreme declines in groundwater levels. 
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• Subsidence is well documented in areas where underlying soils have experienced 
extensive fluid withdrawal.  In saturated soils, buoyant conditions exist, where 
stresses between soil particles are low.  But as the water level drops, the stresses 
between soil particles increase and overburden pressure causes soil consolidation. 

• The initiation of ground fissuring temporally coincides with new groundwater 
production by the city of Chino Hills in the area of maximum subsidence.  By 1975, 
groundwater levels had declined by a maximum of 200 feet in the former artesian 
area. 

• Regional subsidence and ground fissuring is not attributable to other potential causes 
of subsidence.  The area does not coincide with known faults or groundwater barriers 
and the area has not experienced significant petroleum extractions. 

Methodology for Estimating Groundwater Storage 

Estimating groundwater storage within the Chino Basin is a critical exercise because of the direct 
influence of storage upon the safe yield and reliability of the aquifer.  The safe yield of a groundwater 
basin approximates the average annual recharge in a basin if the storage in the basin is large.  The larger 
the storage, the more reliable the basin will be in dry period.  The amount of water in storage in the Chino 
Basin is directly proportional to groundwater level. 

The methodology for computing the volume of groundwater in storage consists of the following steps: 

1. develop groundwater elevation maps for the basin;  

2. obtain and map aquifer storage properties;  

3. obtain and map the effective base of the freshwater aquifer; 

4. divide the basin into a regular grid – with each grid cell assigned a: 

− groundwater elevation, 

− tops and bottom elevations of each aquifer 

− elevation of the effective base of the bottommost aquifer (e.g., bedrock elevation), and  

− storage properties;  

5. compute the volume of groundwater in storage for each grid cell, and sum the storage values 
of all grid cells. 

In most parts of the Chino Basin, unconfined aquifers overlie confined aquifers.  Thus, the storage in 
some grid cells consists of the sum of water in storage in confined and unconfined aquifers.  The volume 
of groundwater in storage in each grid cell is estimated from the following equations: 

 
volume in an unconfined aquifer in a grid cell is given by: 

 
Vi,l = (GWEi,l - Bi,l) * Ai * Pi,l (Equation 1) 

 
volume in a confined aquifer in a grid cell is given by: 

 
Vi,l = [(GWEi,l - Ti,l) * SCi,l + (Ti,l - Bi,l) * Pi,l] * AI (Equation 2) 

 
where: 
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GWEi,l is the groundwater/piezometric elevation for grid cell i and aquifer l 
Ti,l is the effective top elevation of a grid cell i and aquifer l 
Bi,l is the effective bottom elevation of grid cell i and aquifer l 
Ai is the surface area of grid cell i 
Pi,l is the effective porosity of grid cell i and aquifer l 
SCi,l is the storage coefficient of a grid cell i and aquifer l 

Not all the water in storage is available for production.  A minimum volume of groundwater must be 
maintained in storage to ensure that groundwater can flow to wells.  This minimum storage is included in 
the volume computations described above. 

A maximum storage could also be defined, although it is more difficult to do so.  The difficulties 
associated with maximum storage relate to defining which high groundwater-level impacts are acceptable 
and to whom.  An across-the-basin increase of 50 feet would probably impact only those lands near the 
Santa Ana River with unknown water quality impacts everywhere. 

Time History of Groundwater Storage for the Basin 

Groundwater-level maps were prepared using all available data for 1933, 1965, 1969, 1974, 1977, 1983, 
1991, and 1997.  Aquifer geometry and storage properties were developed from the Chino Basin Water 
Resources Management Study (CBWRMS) (Montgomery Watson, 1995).  Equations 1 and 2 were used 
to estimate the groundwater in storage for these years. Figures 2-19 and 2-20 illustrate the spatial 
distribution of groundwater elevations within the Chino Basin for the fall 1997 and 1933, respectively. 
The estimated volume of groundwater in storage in the Chino Basin using this methodology and 
information was: 

 

Year Volume 
(acre-ft) 

1933 6,300,000 
1997 5,300,000 

 

Groundwater storage decreased by about 1,000,000 acre-ft during the 64-year period of 1933 to 1997.  
Table 2-1 lists the estimated storage in each of the management zones shown in Figure 2-5 and 
aggregations of the management zones into the Lower Chino Basin (south of State Route 60), the Upper 
Chino Basin (north of State Route 60) and the Total Chino Basin.  The storage estimates in Table 2-1 are 
shown graphically in Figures 2-25 and 2-26. The lowest level of groundwater storage during the period 
1960 to the present occurred in 1977 at the end of a 33-year drought.  Prior to 1977, groundwater storage 
was falling at a rate of about 25,500 acre-ft/yr.  The decline in storage was due to drought and 
groundwater production in excess of sustainable yield.  The period of 1978 though 1983 was an extremely 
wet period.  The physical solution with the Chino Basin Judgment was implemented in 1978.  The end of 
the drought and the elimination of basin-wide overdraft caused an increase in storage.  Table 2-1 shows 
the change in storage relative to 1977 (the lowest level of storage) for the period 1965 to 1997.  The 
losses in storage that occurred during the period 1965 to 1977 have been partially offset by gains in 
storage that occurred after 1977. 
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Figure 2-27 shows the time history of storage in the upper and lower parts of the Chino Basin.  There was 
a decline in storage prior to 1977.  After 1977, storage in the upper basin increases, however the rate of 
increase declines over time.  This continued increase in storage after 1983 probably is due to: 

•  accumulation of unproduced safe yield rights in local storage accounts; 
•  lagged inflows from the deep unsaturated zone in the northern half of the Basin; and 

•  lagged subsurface inflows from the Lytle Basin north of Barrier J and the Riverside 
Basin through the Bloomington divide. 

After 1977, storage in the lower part of the Basin appears to have stabilized and follows the general 
climatic pattern. 

Table 2-2 and Figure 2-28 show a comparison of the time history of total Chino Basin storage to 
groundwater production, volume of water stored in cyclic and local storage accounts, and climate.  As of 
fall 1997, the combined volume of water in cyclic and local storage accounts was about 274,000 acre-ft 
and is greater than the increase in total storage that occurred between 1977 (pre-Judgment) and the 
present.  The increase in storage since 1977 is about 174,000 acre-ft.  This is counter intuitive, that is, the 
change in total storage since 1977 should be greater than the volume of water in cyclic and local storage 
accounts – especially given that the Basin has experienced a wetter than average period since 1977.  The 
discrepancy may be due in part to under reporting of production in the agricultural pool, storage losses to 
the Santa Ana River, and inaccuracies in the methods used to compute storage herein. 

Losses From Storage 

The surface water discharge in the Santa Ana River consists of storm flow and baseflow.  Baseflow is 
divided into two components: wastewater discharged from publicly-owned treatment plants (POTWs) and 
rising groundwater.  The rising groundwater component in the Santa Ana River can be divided into two 
components: short-term storage water from seasonal recharge along the river, and persistent rising water 
caused by the regional groundwater gradient towards the river.  The short-term storage component of 
rising water will decrease when total groundwater storage is increased either naturally (wet years) or 
artificially.  If total groundwater storage is maintained at higher levels, recharge of surface water from the 
Santa Ana River will decrease.  

Because of the spatial distribution of storage, the rising groundwater response to increases in groundwater 
storage is often lagged and variable in time.  For example, the baseflow at Riverside Narrows (the 
location where the Santa Ana River enters the Chino Basin) peaks about five to seven years after heavy 
recharge years in the upstream groundwater basins.  Chino Basin groundwater discharge to the river also 
exhibits a slight lag time.  The time history of baseflow at Prado consists of a complicated mix of rising 
water responses from the Bunker Hill, Riverside, Chino and Temescal Basins.  Analysis of the increase in 
rising water in the Chino Basin caused by an increase in groundwater storage requires the filtering out of 
these other sources of surface discharge from historical records and modeling results. 

The accumulation of groundwater in storage will cause an increase in groundwater discharge in the Santa 
Ana River and its tributaries Chino Creek and Mill Creek – losses from storage that are not recoverable.  
The physics of the groundwater storage-baseflow relationship can be represented by linear reservoir 
theory where outflow is directly proportional to storage: 

 O = K * S (Equation 3) 
where: 
  O is the outflow from storage (L

3
/T) 
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 S is volume of water in storage (L
3
) 

 K is the linear reservoir coefficient (T 
-1

) 
 L denotes units of length and 
 T denotes unites of time. 

This formula can be calibrated to a specific range of storage and groundwater management conditions.  
The flow in the Santa Ana River in the Chino Basin was decomposed into rising water from the Chino 
Basin and other components.  The rising water component was subdivided into short-term storage water 
from seasonal recharge along the river in Management Zone 5, and persistent rising water caused by the 
regional groundwater gradient towards the River from all management zones.  This decomposition was 
done using simulation model results from the Chino Basin Integrated Groundwater and Surface Water 
Model (CIGSM) developed for the Chino Basin Water Resources Management Task Force (Montgomery 
Watson, 1995, and unpublished modeling results for calibration and planning simulations).   

Historical Storage Losses to the Santa Ana River.  Rising groundwater estimates were made for the 
period of model calibration 1960 to 1989, and the forecasting period of 1990 to 2040.  Certain historical 
periods were studied to isolate the spatial effects of groundwater production patterns and hydrology on 
rising groundwater.  For example, the period 1960 to 1977 represents the pre-Judgment period that has 
higher groundwater production than the period after 1978 that represents the period when the Basin was 
managed by Watermaster without basin-wide overdraft.  Linear reservoir theory was used to develop a 
simple relationship of change in groundwater discharge to the Santa Ana River to incremental change in 
groundwater storage.   

Hydrograph decomposition for the historical period was done using water balance tables from CIGSM for 
reaches of the Santa Ana River and its tributaries.  Analysis of the hydrology of the period suggest that 
two periods could be used to develop a linear reservoir relationship:  

•  1970 to 1977 representing a pre-Judgment period; and  
•  1984 to 1989 representing a post-Judgment period.   

The period 1970 to 1977 was a dry period following significant recharge along the river from the 1969 
storms.  The 1984 to 1989 period was also a dry period following the wet period from 1978 to 1983.  
Both of these periods exhibit recession flows typical of streams fed by groundwater systems.  CIGSM 
model-estimated rising water was plotted against the model-estimated storage in the Chino Basin.  The 
annual rising water estimates and respective storage estimates are shown graphically in Figures 2-34 and 
2-35.  Simple linear regressions were done for the 1974 to 1977 period and 1987 to 1989 period to 
estimate the linear reservoir coefficient (K) for the linear reservoir equation (Equation 3).  The linear 
reservoir coefficient is the slope of the best-fit lines in Figures 2-34 and 2-35.  The resulting linear 
reservoir coefficients are 0.0254 for the 1970 to 1977 period, and 0.0203 for the 1987 to 1989 period.  
Physically, the linear reservoir coefficient represents the fraction of the storage that annually becomes 
rising water.  Thus, an increase in storage of 100,000 acre-ft in the 1987 will cause about 2,000 acre-ft of 
new rising water in the first year.  Groundwater storage after the first year would be reduced to 98,000 
acre-ft.  In the second year, the storage would be reduced another 2.03 percent, or 1,970 acre-ft, and so 
on.  The 0.0051 difference in linear reservoir coefficients for the pre- and post-Judgment periods is due in 
part to changes in groundwater production patterns, hydrology, and CIGSM modeling artifacts. 

Future Storage Losses to the Santa Ana River.  An estimate of the linear reservoir coefficient for the 
period 1990 through 2040 was estimated by comparing the total Santa Ana River flow at Prado Dam and 
groundwater storage for Alternatives 3 and 4 of the CBWRMS.  Alternative 3 represents a specific 
groundwater management strategy that could be implemented.  Alternative 4 is identical to Alternative 3 
with the addition of a conjunctive use program and an increase in limits for local storage accounts.  The 

SAR EIR A.R. 33



SECTION 2 
STATE OF THE BASIN 

_____________________________________________________________________________________ 
 

 
August 19, 1999 2-14 Wildermuth Environmental, Inc. 
 

 

conjunctive use program has three cycles of build up in storage to approximately 300,000 acre-ft and 
subsequent pump -out periods.  The increase in storage in local storage accounts is gradual and 
incremental throughout the period.  The rising water losses from the conjunctive use storage and the 
increase in local storage accounts are simply the difference in Santa Ana River flow between these 
alternatives.  Table 2-3 lists the differences in groundwater storage and Santa Ana River flow.  The linear 
reservoir coefficient for future conditions is estimated to be about 0.0408, or 4.1 percent of storage – 
about double that of the 1984 to 1989 period.  The increase in the linear reservoir coefficient was caused 
by changes in groundwater production patterns, hydrology, and CIGSM modeling artifacts. 

Computation of Storage Losses to Santa Ana River.  The linear reservoir equation can be used to 
estimate losses from groundwater storage accounts to the Santa Ana River: 

 
 qt = K * (St + 0.5 * T *(It - Qt )) (Equation 4) 
 

where:  

qt  is the annual loss from a storage account  in period t to t+1 (acre-ft/yr) 
K  is the linear reservoir coefficient 
St  is water in a storage account at the end of period t  (acre-ft) 
It   is the water put into a storage account in period t to t+1 (acre-ft/yr) 
Qt  is the water taken from the storage account for use in period t to t+1 (acre-ft/yr) 
T duration of time between t to t+1, assumed to be one year 

 

The volume of water in storage accounts at the end of a period is equal to: 

 

 St+1 = St  + T  *  (It  - Qt  - qt ) (Equation 5) 
 

Using a linear reservoir coefficient of 0.0201 and Equation 4, the total water lost from local storage 
accounts and cyclic storage since the Judgment became active in 1978 is estimated to be about 50,000 
acre-ft or about 18 percent of the volume that Watermaster currently assumed was in storage.  The time 
history of accumulating storage accounts and estimated losses to baseflow are listed in Table 2-4.  
Watermaster does not currently compute losses from storage accounts.  This means that when water in 
storage accounts is produced, additional overdraft of the Basin will occur.  Losses from conjunctive use 
projects could be very large.  In the example in Table 2-3, three filling and withdrawal cycles were done 
over a 40-year period with each reaching a fill capacity of 300,000 acre-ft.  The model estimated losses of 
over 300,000 acre-ft over three fill and extraction cycles – a loss of over one-third of the water stored.  If 
these losses were not accounted for, the Basin would be overdrafted by 300,000 acre-ft over the 40-year 
period. 

The losses described above were developed from modeling studies.  Monitoring to verify these losses has 
not been done in the past nor is it practical in the future.  The measuring errors associated with such a 
program would be larger than the probable losses from storage.  The only practical ways to estimate such 
losses are to: 
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•  Use a linear reservoir model as described above, or  

•  Calibrate a groundwater flow model over the period that water is held in cyclic, local, 
and conjunctive use storage and compare it to a simulation run with the same 
hydrology that did not have water in these storage accounts.  The difference in 
groundwater discharge to the river would be the losses due to cyclic, local, and 
conjunctive use storage.  Adjustments to storage accounts could be made 
retroactively or a new loss factor established for the next period. 

GROUNDWATER PRODUCTION  

Historical Groundwater Production Monitoring  

Prior to 1975, groundwater production monitoring was not formally done by a single entity for the benefit 
of the Basin.  Municipal and some industrial producers kept production records with some submitting 
annual production reports to the State Water Resources Control Board (SWRCB).  Very few agricultural 
wells had meters and fewer kept records of production.  During the period 1975 to 1978, production 
monitoring at agricultural wells improved slightly.  Most of the agricultural production volumes for the 
period preceding 1978 are comprised of estimates provided by producers and are not based on direct 
measurements from in-line flow meters. 

Since 1978, Watermaster has collected information to develop production estimates.  Production 
estimates in the appropriative pool and overlying non-agricultural pool are based on totalizing in-line flow 
meter data provided to Watermaster on a quarterly basis by these producers.  Watermaster aggregates 
these quarterly values to obtain annual production for these pools.  Production estimates for the 
agricultural pool are based in part on totalizing in-line flow meter data, water duty methods, and hour-
meter data combined with well efficiency tests.  As with the other pools, reporting is done by the 
producers.  However, not all agricultural pool producers provide Watermaster with estimates of their 
production.  About one third of agricultural pool producers either did not file production reports or filed 
incomplete reports in fiscal year 1997/98 (telephone discussion with Jim Theirl, 1998).   

Historical Groundwater Production 

Table 2-4 contains estimates of annual groundwater production in the Chino Basin from three different 
sources: summaries of SWRCB filings and interviews with some producers; Watermaster estimates, and 
production estimates developed for calibration of CIGSM developed for the CBWRMS.  The second 
column in Table 2-5 contains annual production estimates that were used to develop the safe yield in the 
Judgment.  The third column contains Watermaster estimates of annual production that are based on 
production reports submitted to Watermaster by the producers.  The fourth column contains annual 
production estimates that are based on SWRCB filings, production reports from producers, and water 
duty methods.  In the latter case, water duty methods were used as a check on reported production and 
supplemented reported production data when production data was missing or under-reported at wells. 

The safe yield of the Chino Basin was based on the hydrology of the period 1965 to 1974.  The average 
annual groundwater production for that period from SWRCB filings and interviews was estimated at 
152,100 acre-ft/yr.  The engineer working on the historical production data knew there was unaccounted 
for production and assumed that actual production was 20 percent more than the estimate from SWRCB 
filings and interviews, or about 180,000 acre-ft/yr (Carroll, 1977).  This estimate is close to the 189,400 
acre-ft/yr average for the same period from the CBWRMS. 
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In Table 2-5, the period of Watermaster groundwater production estimates overlaps the period of 
CBWRMS production estimates.  For their common period of record (1975 through 1989), the CBWRMS 
estimates are consistently higher.  This occurs in part because some of the agricultural producers fail to 
report production or fail to provide production information to Watermaster.  For the CBWRMS, water 
demands based on land use were compared to reported production.  If the water demand for the land uses 
in a given area was greater than reported production, then reported production was increased to meet the 
demands based on land use.  This method was validated in the CIGSM model calibration process 
(Montgomery Watson, 1993).  In the latter years, the CBWRMS production estimates increasingly 
diverge from Watermaster estimates.  For their common period of record, the average annual groundwater 
production was estimated at 147,900 acre-ft/yr by Watermaster and 174,000 acre-ft/yr by the CBWRMS – 
a difference of about 26,000 acre-ft/yr.  Actual production is probably somewhere in between 
Watermaster and CBWRMS estimates. 

Spatial and Temporal Changes in Groundwater Production 

Table 2-6 lists Watermaster’s estimates of Chino Basin production by pool for the period of fiscal year 
1974/75 to 1997/98, and the relative amount of production by pool.  Over this period, groundwater 
production has ranged from a high of 181,000 acre-ft/yr (1975/76) to a low of about 122,600 acre-ft/yr 
(1982/83), and has averaged about 147,100 acre-ft/yr.  The distribution of production by pool has shifted 
since 1975 with the agricultural pool production dropping from about 55 percent in 1974/75 to 28 percent 
in 1996/97.  During the same period, appropriative pool production increased from about 40 percent in 
1974/75 to 68 percent in 1996/97.  The increases in appropriative pool production have kept pace with 
decline in agricultural production.  Production in the overlying non-agricultural pool declined from about 
5 percent in 1974/74 to about 2 percent in the mid-1980s, rose to about 4 percent by 1990/91 and has 
remained at about 4 percent of total production thereafter.    

Figure 2-29 is a plot that compares the change in total groundwater production in the Chino Basin to the 
change in urban and agricultural/other non-urban land uses.  Prior to 1980, the decline in groundwater 
production appears proportional to the decline in agricultural and other non-urban land uses.  After 1980, 
groundwater production appears to be relatively stable even though the decline in agricultural and other 
non-urban land uses is accelerating. 

Figures 2-30 and 2-31 are similar to Figure 2-29 except they represent the Basin north of State Route 60 
and south of State Route 60, respectively.  North of State Route 60, the pattern of land use change is 
similar to the entire basin, but the groundwater production that was declining from 1960 to 1980 rose 
sharply after 1980.  South of State Route 60, groundwater production was generally declining throughout 
the period of 1960 to 1990.  The rate of decline in production in the southern half of the Basin after 1980 
matches the rate of increase in production north of State Route 60, such that the total annual production in 
the Basin after 1980 is relatively constant (see Figure 2-29).   

Figures 2-32 through 2-36 illustrate the location and magnitude of groundwater production at wells in the 
Chino Basin for years 1960, 1970, 1980, 1989 and 1997.  These maps are based on production estimates 
developed in the Chino Basin Water Resources Management Study (Montgomery Watson, 1995) and by 
Watermaster.  Two trends are evident in the period 1960 through 1998: 

• In the southern half of the Basin there is an increase in the number of active wells and 
a decrease in the per well production.  This is due to the land use transition from 
predominately irrigated agriculture uses to predominately dairy uses and due to a 
recent well inspection program, resulting in more wells of record. 
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• In the northern half of the Basin there is an increase in the number of wells producing 
over 2,000 acre-ft/yr.  This is consistent with the land use transition from agricultural 
uses to urban uses and with the trend for increasing imported water costs.    

Groundwater Production and Safe Yield 

Recent and past studies have provided some insight into the influence of groundwater production in the 
southern end of the Chino Basin on the safe yield of the Basin.  Three studies were done that quantified 
the impacts of proposed desalters in the lower Chino Basin on groundwater discharge to the Santa Ana 
River.  The proposed desalters were first described in Nitrogen and TDS Studies, Upper Santa Ana 
Watershed (James M. Montgomery, Consulting Engineers, Inc., 1991).  This study matched desalter 
production to meet future potable demands in the lower Chino Basin through the year 2015.  The well 
fields were sited to maximize the interception of rising water and to induce streambed percolation in the 
Santa Ana River.  The decrease in rising water and the increase in streambed percolation were projected 
to range from 45 to 65 percent of total desalter production.    

Well field design studies for the SAWPA desalter provided estimates of the volume of rising water 
intercepted by the currently proposed desalter – scheduled for completion in March 2000 (Wildermuth, 
1993).  These studies used a very detailed model of the lower Chino Basin (rectangular 400-foot by 400-
foot grid covering the lower Chino Basin) to evaluate the hydraulic impacts on rising water and 
groundwater levels at nearby wells.  These studies showed the relationship of interception of rising water 
to well field location and well field capacity.  The fraction of the desalter production composed of 
decreased rising water and the increased stream bed percolation water was estimated to range from 40 to 
50 percent. 

No formal studies and estimates of desalter well field interception of rising water were made during the 
Chino Basin Water Resources Management Study (Montgomery Watson, 1995).  An informal estimate of 
the interception of rising water was made by Wildermuth (letter to Neil Cline, dated August 9, 1993).  
Wildermuth used the groundwater model developed in Chino Basin Water Resources Management Study 
for a well field similar to the SAWPA desalter well field and used the model calibration period of 1960 to 
1989.  This study estimated the interception of rising groundwater at about 80 percent of desalter 
production capacity. 

These three studies suggest that the yield of the Basin could be increased by simply increasing the 
production near the river, and that for every two acre-ft of new, near-river production the safe yield could 
be increased by one acre-ft, that is the marginal change in safe yield with increased near-river production 
is about 0.5 acre-ft/yr per acre-ft/yr of production.  The opposite is also true.  That is, if production were 
to decrease in the southern half of the Basin, the safe yield will also decrease.  Agricultural production is 
projected to decrease about 40,000 acre-ft/yr when current agricultural land use transitions to urban use.  
If the magnitude and spatial distribution of current agricultural production is not replaced with new 
production then the yield of the Chino basin will decrease by a comparable amount. 

HISTORICAL AND CURRENT GROUNDWATER QUALITY 

Historical Groundwater Quality Monitoring 

Various entities have collected groundwater quality data in the past.  Municipal and agricultural water 
supply entities have collected groundwater quality data to comply with Department of Health Services 
requirements under Title 22 or for programs that range from irregular study-oriented measurements to 
long-term periodic measurements.  Groundwater quality observations have been made by the DWR, by 
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participants in the 1969 Judgment on the Santa Ana River (Orange County Water District vs. City of 
Chino et al.), by dischargers under order from the Regional Board, and by the County of San Bernardino.  
The DWR and the SBCFCD were very active in collecting groundwater quality data in the Chino Basin 
prior to the settlement of the Chino Basin adjudication.  After the Judgment was entered in 1978, 
monitoring south of State Route 60 stopped almost completely except for the cities of Chino, Chino Hills, 
and Norco, and the Jurupa Community Services District (JCSD).  Most of the pre-1978 measurements 
were digitized by the DWR.  In 1986, Metropolitan Water District of Southern California (Metropolitan) 
conducted the first comprehensive survey of groundwater quality covering all constituents regulated in 
California Code of Regulations Title 22. 

In 1989, Watermaster initiated a regular monitoring program for the Basin with groundwater quality data 
obtained in 1990 and periodically thereafter to the present.  Watermaster’s program relies on municipal 
producers and other government agencies supplying their groundwater quality data on a cooperative basis.  
Watermaster staff supplements this data with data obtained through a Watermaster sampling and analysis 
program in the area south of State Route 60.  Water quality data are also obtained from special studies and 
monitoring that takes place under orders of the Regional Board.  Watermaster has combined previously 
digitized groundwater quality data from all known sources into a database structure that is maintained at 
Watermaster’s office. 

Watermaster plans to begin the development of a new, more comprehensive water quality monitoring 
program to support the OBMP starting in July 1999.  The program consists of two phases.  The initial 
phase consists of collecting and analyzing groundwater quality samples at all producing wells in the over 
a three year period starting in July 1999.  These data will be mapped and reviewed.  Based on this review 
and Watermaster management goals in the OBMP, a long-term monitoring program will be developed 
The second phase consists of implementing the long term monitoring program and will start in July 2002. 

Water Quality Conditions 

Sources of water quality degradation can be classified into point and non-point sources.  Point sources are 
confined to point discharges to the soil, groundwater, or stream systems.  Examples include conventional 
wastewater and industrial discharges to streams or ponds, and leaky underground storage tanks.  Non-
point sources are areal discharges to soil, groundwater and surface waters, such as land application of 
waste and fertilizers and atmospheric deposition of contaminants to the soil and water bodies.  The 
discussion below describes the water quality state of the Basin as it exists today for specific constituents 
of concern.  The constituents described below are regulated for drinking water purposes in California 
Code of Regulations, Title 22 or are regulated in the 1995 Water Quality Control Plan for the Santa Ana 
River Basin (Basin Plan). 

Figures 2-37a-h illustrate land uses in the Chino Basin in 1933, 1949, 1957, 1963, 1975, 1984, 1990 and 
1993. These land use maps were developed from DWR land use surveys for 1933 through 1984, and from 
Southern California Association of Governments surveys for 1990 and 1993.  The maps show a steady, 
dramatic change over time from agricultural to urban land uses.  An exception to this occurs in the 
southern Chino Basin where dairies have moved in to replace irrigated and non-irrigated agriculture.  
These maps are useful in characterizing water quality degradation associated with non-point source 
loading from agriculture. The land uses shown in these maps are quantified in Table 2-7. 

Total Dissolved Solids (TDS). TDS is regulated as a secondary contaminant in Title 22.  The 
recommended drinking water maximum contaminant level (MCL) for TDS is 500 mg/L, however the 
upper limit is 1,000 mg/L.  For irrigation uses, TDS should generally be less than 700 mg/L.  The 
Regional Board has established TDS limitations for all municipal wastewater plants that discharge 
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recycled water to the Santa Ana River.  A problem arises in that TDS concentrations increase through 
municipal use -- typically by about 150 to 250 mg/L.  The TDS limitations for water recycling plants that 
discharge to the Santa Ana River in the Chino Basin are listed below: 

 

Plant TDS Limit 
(mg/L) 

IEUA RP1 540 
IEUA RP2 610 
IEUA Carbon Canyon 555 
IEUA RP4 505 
Western Riverside Regional 625 
City of Riverside 650 
Jurupa Indian Hills 650 

 

The TDS in source (drinking) water generally must be kept well below 500 mg/L (preferably less than 
300 mg/L) to ensure that recycled water discharged to the Santa Ana River and its tributaries meets 
Regional Board limitations.  The treatment cost to remove TDS from water is very expensive – about 
$500 to  $700 per ton. 

Table 2-9 provides the average TDS concentrations by well for five-year periods from 1961 to 1995.  
These wells are grouped by management zones.  Figures 2-38, 2-39, and 2-40 show average TDS 
concentrations in groundwater measured at wells for the periods 1961 to 1965, 1971 to 1975, and 1991 to 
1995.  Historically, TDS has not been measured at wells on an annual basis.  The choice of one year, say 
1963 for example, might have only one-third as many TDS measurements at wells compared to a five-
year period.  Thus, averaging TDS over a five-year period was necessary to get adequate spatial coverage 
of measurements. 

TDS concentrations in the northeast part of the Basin range from about 170 to about 300 mg/L for the 
period 1960 through 1990, with typical concentrations in the mid- to low-200s.  TDS concentrations in 
excess of 200 mg/L indicate degradation from overlying land use.  With few exceptions, areas with 
significant irrigated land use or dairy waste disposal histories overlie groundwater with elevated TDS 
concentrations.  The exceptions are areas where point sources have contributed to TDS degradation, such 
as the former Kaiser Steel site in Fontana and the former wastewater disposal ponds near IEUA Regional 
Plant No. 1 (RP1) in South Ontario.  The TDS anomaly from Kaiser is not shown on Figures 2-38, 2-39 
and 2-40.  A TDS anomaly from former municipal wastewater ponds   can be seen in the east central part 
of Management Zone 2.  

The impacts of agriculture on TDS in groundwater primarily are caused by fertilizer use on crops, 
consumptive use, and dairy waste disposal.  The TDS impacts from the dairies located in the southern half 
of the Basin is reflected at least partially in Figures 2-39 and 2-40.  The intensity of the TDS loading from 
dairy waste to the Basin is illustrated in Table 2-8 (Table 2-1 from Final Task 6 Memorandum, 
Development of a Three-Dimensional Groundwater Model, Montgomery Watson, 1994).  This table 
shows the steady buildup of the dairy cattle population in the southern Chino Basin between 1949 and 
1989.  The total amount of TDS from manure discharged to the southern half of the Basin that will reach 
groundwater is estimated to be about 1,200,000 tons through 1989 and averages about 29,000 tons per 
year. The dairy loading numbers in Table 2-8 assume that half of the manure was hauled out of the Basin 
after 1973, which was a requirement of the Santa Ana watershed Water Quality Control Plan enacted in 
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1973.  The amount of manure exported out of the Basin was never verified until the late 1990’s.  The TDS 
loading to groundwater from dairy waste disposal activities could be far greater than estima ted in Table 2-
8. 

As irrigation efficiency increases, the impact of consumptive use on TDS in groundwater also increases.  
For example, if source water has a TDS concentration of 250 mg/L, and the irrigation efficiency is about 
50 percent (flood irrigation), the resulting TDS concentration in the returns to groundwater will be 500 
mg/L, exclusive of the mineral increments from fertilizer.  If the irrigation efficiency were increased to 75 
percent, the resulting TDS concentration in the returns to groundwater will be 1,000 mg/L, exclusive of 
the mineral increments from fertilizer.  For modern irrigated agriculture, the TDS impacts of consumptive 
use are more significant than mineral increments from fertilizers. 

TDS concentrations in groundwater have increased slightly or remained relatively constant in the northern 
parts of Management Zones 1, 2, and 3.  TDS concentrations are significantly higher in the southern parts 
of Management Zones 1, 2, and 3, and all of Management Zone 5 where they typically exceed the 500 
mg/L recommended MCL and frequently exceed the upper limit of 1,000 mg/L.   

Nitrate.  Nitrate is regulated in drinking water in Title 22 with an MCL of 10 mg/L (as nitrogen).  Table 
2-10 provides the average nitrate concentrations by well for 5-year periods from 1961 to 1995.  These 
wells are grouped by management zones.  Figures 2-41, 2-42, and 2-43 show the average nitrate 
concentrations in groundwater measured at wells for the periods 1961 to 1965, 1971 to 1975, and 1991 to 
1995.  Nitrate measureme nts in the surface water flows in the San Gabriel Mountains and in groundwater 
near the foot of these mountains are generally less than 0.5 mg/L (Montgomery Watson, 1993).  Nitrate 
concentrations in excess of 0.5 mg/L indicate degradation from overlying land use.  Similar to TDS, areas 
with significant irrigated land use or dairy waste disposal histories overlie groundwater with elevated 
nitrate concentrations.  The primary areas of nitrate degradation are the areas formerly or currently 
overlain by: 

• Citrus in the northern parts of Management Zones 1, 2 and 3; and  

•  Dairy areas in the southern parts of Management Zones 1, 2 and 3 and all of 
Management Zone 5.   

Nitrate concentrations in groundwater have increased slightly or remained relatively constant in northern 
parts of Management Zones 1, 2 and 3 over the period 1960 to the present.  These are areas formerly 
occupied by citrus and vineyard land uses (see Figures 2-37a-d), and nitrate concentrations underlying 
these areas rarely exceed 20 mg/L (as nitrogen).  Over the same period, nitrate concentrations have 
increased significantly in the southern parts of Management Zones 1, 2 and 3, and all of Management 
Zone 5.  These are areas where land use has progressively converted from irrigated/non-irrigated 
agriculture to dairy uses (see Figures 2-37e-h), and nitrate concentrations typically exceed  
the 10 mg/L MCL and frequently exceed 20 mg/L by 1991-1995.   

There are two stable isotopes of nitrogen:  14N and 15N.  Within the nitrogen cycle, thermodynamic and 
kinetic processes occur which fractionate these isotopes in various nitrogen-bearing compounds.  Most 
biologically-mediated reactions (e.g., assimilation, nitrification, and denitrification) result in 15N 
enrichment of the substrate and depletion of the product.  Nitrogen isotope chemistry is a technique to 
help distinguish potential sources of nitrogen in the environment (Clark and Fritz, 1997).  The enrichment 
of 15N relative to atmospheric nitrogen is expressed as δ15N and has units of parts per thousand (permil).  
The following table shows the ranges of nitrogen isotopes of potential sources of nitrate (Battaglin et al., 
1997): 
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Source of Nitrate δ15N of Nitrate 
(permil) 

Atmospheric Nitrate -10 to 9 
Nitrate Fertilizer -5 to 5 
Ammonium Fertilizer -5 to 0 
Animal Waste 10 to 20 
Poultry Manure 7.9 to 8.6 

 

As part of the 1997 groundwater-monitoring program, samples were collected from six wells for nitrogen 
isotope analysis: 

 
State Well Number Region Nitrate-N 

(mg/L) 
δ15N 

(permil) 
01S07W14D01 Cucamonga – Former Citrus 3.2 4.0 
01S07W14D02 Cucamonga – Former Citrus 4.0 4.2 
02S07W34D Chino Agricultural Preserve 106.0 12.8 
03S07W05G Chino Agricultural Preserve 77.3 18.3 
02S07W20A Chino Agricultural Preserve 64.5 10.0 
02S07W16D Chino Agricultural Preserve 63.6 8.7 
02S07W16D - Duplicate 63.6 9.0 

 

The samples from the wells in areas where the antecedent land use was predominantly citrus had nitrate 
values that were significantly below the maximum contaminant level (MCL) of 10 mg/L.  Nitrate values 
in samples from the Chino Agricultural Preserve all exceeded the MCL by at least a factor of six.  In 
addition, the δ15N values for the Cucamonga wells were about 4 permil, while the δ15N values for the 
Chino Agricultural Preserve wells ranged from 8.7 to 18.3 permil.  The nitrogen isotope results are 
compared graphically with ranges from known sources in the figure below.   

-15 -10 -5 0 5 10 15 20 25
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The high nitrate concentrations shown in Figure 2-43 probably depict the nitrate impacts from the 
agricultural waste disposal areas located in the southern half of the Basin. 

Other Constituents of Potential Concern.  Tables 2-11a through 2-11c summarize inorganic and 
organic constituents that have been analyzed for and detected in groundwater samples from wells in the 
Chino Basin through July 1998.  Table 2-12 summarizes the information in Tables 2-11a through 2-11c 
for the constituents detected at or above their MCLs.  This is a synoptic analysis and includes all available 
data, including data from several monitoring programs and studies.  The water quality data reviewed in 
this synoptic analysis are derived from production wells and monitoring wells.  Hence, the data do not 
represent a programmatic investigation of potential sources nor do they represent a randomized study 
designed to ascertain the water quality status of the Chino Basin.  The data do represent the most 
comprehensive information available to date. 

A large subset of this data was extracted from the California Department of Health Services (DHS) 
database (current through July 1998).  For each constituent, the tables lists: 

•  the number of measurements at or above one-half the applicable MCL; 
•  the number of wells with measurements at or above one-half the applicable MCL; 
•  the number of measurements at or above the applicable MCL; 
• the number of wells with measurements at or above the applicable MCL; and 
•  the applicable MCL. 

The tables are organized as follows: 

•  Table 11a:  Inorganic constituents, total trihalomethanes (THMs) and radioactivity 
with primary MCLs;  

•  Table 11b:  Organic chemicals with primary MCLs; 

•  Table 11c:  Inorganic constituents and organic chemicals with secondary MCLs, lead 
and copper rule, and California DHS Action Levels. 

Table 12 summarizes the constituents that were detected at concentrations greater than one-half their 
MCL, and are grouped by chemical type.  These values represent a mixture of data from monitoring and 
production well samples.  Monitoring wells targeted at a potential source will likely have a greater 
concentration than a municipal or agricultural production well.  Wells with constituent concentrations 
greater than one-half the MCL represent areas that warrant concern and inclusion in a long-term 
monitoring program.  Groundwater in the vicinity of wells with samples greater than the MCL may be 
impaired from a beneficial use standpoint. 

Inorganic Constituents.  Five inorganic constituents were detected at or above their MCL in more than 20 
wells: 

• TDS; 
• nitrate; 
• fluoride; 
• iron; and 
• manganese. 

TDS and nitrate have been discussed in previous subsections.  Fluoride, iron, and manganese naturally 
exist in groundwater.  Their concentrations depend on mineral solubility, ion exchange reactions, surface 
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complexations, and soluble ligands.  These speciation and mineralization reactions, in turn, depend on 
pH, oxidation-reduction potential, and temperature.  Fluoride occurs naturally in groundwater in 
concentrations ranging from less than 0.1 mg/L to 10-20 mg/L (Freeze and Cherry, 1979).  Based on the 
available data, none of these constituents shows a spatial pattern throughout Chino Basin (see Figures 2-
44, 2-45 and 2-46).  However, site-specific monitoring wells may reveal point sources (e.g., wells near 
landfills have shown relatively high concentrations of manganese).  

In addition, perchlorate has recently been detected in several wells in the Chino Basin (Figure 2-47), in 
other basins in California and other states in the West.  The probable reason that perchlorate was not 
detected in groundwater until recently is that analytical methodologies did not previously exist that could 
attain a low enough detection limit.  Prior to 1996, the method detection limit for perchlorate was 400 
µg/L.  By March 1997, an ion chromatographic method was developed with a detection limit of 1 µg/L 
and a reporting limit of 4 µg/L. 

Perchlorate (ClO4
-) originates as a contaminant in the environment from the solid salts of ammonium 

perchlorate (NH4ClO4), potassium perchlorate (KClO4), or sodium perchlorate (NaClO4).  The perchlorate 
salts are quite soluble in water.  The perchlorate anion (ClO4

-) is exceedingly mobile in soil and 
groundwater environments.  It can persist for many decades under typical groundwater and surface water 
conditions, because of its resistance to react with other available constituents.  Perchlorate is a kinetically 
stable ion, which means that reduction of the chlorine atom from a +7 oxidation state in perchlorate to a -
1 oxidation state as a chloride ion requires activation energy or the presence of a catalyst to facilitate the 
reaction.  Since perchlorate is chemically stable in the environment, natural chemical reduction in the 
environment is not expected to be significant. 

At very high levels, perchlorate interferes with the function of the thyroid gland and the production of 
hormones necessary for normal human development.  In the extreme cases, it can cause brain damage in 
fetuses and a potentially fatal form of anemia in adults.  However, effects of chronic exposures to lower 
levels currently detected in groundwater are not known. 

Ammonium perchlorate is manufactured for use as an oxygenating component in solid propellant for 
rockets, missiles, and fireworks.  Because of its limited shelf life, inventories of ammonium perchlorate 
must be periodically replaced with a fresh supply.  Thus, large volumes of the compound have been 
disposed of since the 1950s in Nevada, California, Utah, and likely other states.  While ammonium 
perchlorate is also used in certain munitions, fireworks, the manufacture of matches, and in analytical 
chemistry, perchlorate manufacturers estimate that about 90 percent of the substance is used for solid 
rocket fuel 

Perchlorate is of concern because of the existing uncertainties in: 

• the toxicological database documenting its health effects at low levels in drinking 
water;  

• the actual extent of the occurrence of perchlorate in ground and surface waters, which 
is compounded by some uncertainty in the validation of the analytical detection 
method;  

• the efficacy of different treatment technologies for various water uses such as 
drinking water or agricultural application; and  

• the extent and nature of ecological impact or transport and transformation phenomena 
in various environmental media.  
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The requisite toxicology data available to evaluate the potential health effects of perchlorate are e xtremely 
limited.  The US Environmental Protection Agency (EPA) Superfund Technical Support Center issued a 
provisional reference dose (RfD) in 1992 and a revised provisional RfD in 1995.  Standard assumptions 
for ingestion rate and body weight were then applied to the RfD to calculate the reported range in the 
groundwater cleanup guidance levels of 4 to 18 (µg/L).  In 1997, the DHS and California EPA’s Office of 
Environmental Health Hazard Assessment reviewed the EPA risk assessment reports for perchlorate.  
Consequently, California established its provisional action level of 18 µg/L.  On August 1, 1997, DHS 
informed drinking water utilities of its intention to develop a regulation to require monitoring for 
perchlorate as an unregulated chemical.  Legislative action to establish a state drinking water standard for 
perchlorate has been introduced but has not been brought to a vote (CA Senate Bill 1033). 

Volatile Organic Chemicals.  Six volatile organic chemicals (VOCs) were detected at or above their MCL 
in more than 10 wells: 

•  1,1-dichloroethene; 
•  1,2-dichloroethane; 
•  benzene; 
•  tetrachloroethene (PCE); 
•  trichloroethene (TCE); and 
•  vinyl chloride. 

TCE and PCE were/are widely used industrial solvents.  TCE was commonly used for metal degreasing 
and was also used as a food extractant.  PCE is commonly used in the dry-cleaning industry.  About 80 
percent of all dry cleaners used PCE as their primary cleaning agent (Oak Ridge National Laboratory, 
1989).  The areal distributions of PCE and TCE are shown in Figures 2-48 and 2-49. 1,1-Dichloroethane, 
1,1-Dichloroethene, cis-1, 2-dichloroethene, 1,2-dichloroethane, and vinyl chloride are degradation by-
products of PCE and TCE and their areal distributions are shown in Figures 2-50 though 2-54.     

The spatial distributions of TCE and PCE appear to be correlatable to identified point sources in the 
Chino Basin (see the following subsection and Figure 2-58.)  The areal distributions of 1,2-dichloroethane 
and vinyl chloride appear to be more extensive.  1,2-Dichloroethane is used as a lead-scavenging agent in 
gasoline (Oak Ridge National Laboratories, 1989) and the greater areal distribution of 1,2-dichloroethane 
and vinyl chloride may reflect numerous minor releases from gasoline stations, automobile service 
stations, et cetera.  This hypothesis appears to be corroborated, in part, by the distribution of benzene, 
which is a minor contaminant in gasoline (see Figure 2-55).  Gasoline used in the United States contains 
between 0.8 and 2 percent benzene (Oak Ridge National Laboratories, 1989). 

Pesticides/herbicides.  Two were detected at or above their MCL in more than 10 wells: 

•  dibromochloropropane (DBCP); and 
•  lindane. 

DBCP was used as a fumigant for citrus, other orchards and some field crops prior to being banned in 
1987.  The areal distribution of DBCP appears to be related to historical citrus crop production in Chino 
Basin (see Figures 2-37a-d and 2-56).  Lindane is used as an insecticide on foliar plants and fruit and 
vegetable crops; its areal distribution is shown in Figure 2-57. 
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Point Sources of Concern 

The previous water quality discussion described water quality conditions broadly across the entire basin.  
The discussion presented below describes the water quality anomalies associated with known point source 
discharges to groundwater.  Figure 2-58 shows the location of various point sources and areas of water 
quality degradation associated with these sources. 

Chino Airport.  The Chino Airport is located approximately four miles east of the City of Chino and six 
miles south of Ontario International Airport, and occupies an area of about 895 acres.  From the early 
1940s until 1948, the airport was owned by the federal government and used for flight training and 
aircraft storage.  The County of San Bernardino acquired the airport in 1948 and has operated and/or 
leased portions of the facility ever since.  Since 1948, past and present businesses and activities at the 
airport include modification of military aircraft, crop dusting, aircraft-engine repair, aircraft painting, 
stripping and washing, dispensing of fire-retardant chemicals to fight forest fires, and general aircraft 
maintenance.  The use of organic solvents for various manufacturing and industrial purposes has been 
widespread throughout the airport’s history (Regional Board, 1990).  From 1986 to 1988, a number of 
groundwater quality investigations were performed in the vicinity of Chino Airport.  Analytical results 
from groundwater sampling revealed the presence of VOCs above MCLs in six wells downgradient of 
Chino Airport.  The most common VOC detected above its MCL is TCE.  TCE concentrations in the 
contaminated wells ranged from 6.0 to 75.0 µg/L.  Figure 2-58 shows the approximate areal extent of 
TCE in groundwater in the vicinity of Chino Airport at concentrations exceeding its MCL as of 1990.  
The plume is elongate in shape, about 2,200 feet wide and extends approximately 8,000 feet from the 
airport’s northern boundary in a south to southwestern direction. 

California Institute for Men.  The California Institute for Men (CIM) located in Chino is bounded on 
the north by Edison Avenue, on the east by Euclid Avenue, on the south by Kimball Avenue and on the 
west by Central Avenue.  CIM is a state correctional facility and has been in existence since 1939.  It 
occupies approximately 2,600 acres – about 2,000 acres are used for dairy and agricultural uses and about 
600 acres are used for housing inmates and related support activities (Geomatrix Consultants, 1996).  In 
1990, PCE was detected at a concentration of 26 µg/L in a sample of water collected from a CIM drinking 
water supply well.  Analytical results from groundwater sampling indicate that the most common VOCs 
detected in groundwater underlying CIM are PCE and TCE.  Other VOCs detected include carbon 
tetrachloride, chloroform, 1,2-dichloroethene, bromodichloromethane, 1,1,1-trichloroethane, and toluene.  
The maximum PCE concentration in groundwater detected at an individual monitoring well (GWS-12) 
was 290 µg/L.  The maximum TCE concentration in groundwater detected at an individual monitoring 
well (MW-6) was 160 µg/L (Geomatrix Consultants, 1996).  Figure 2-58 shows the approximate areal 
extent of VOCs in groundwater at concentrations exceeding MCLs as of May 1996.  The plume is 
approximately 1,000 feet wide and extends about 3,600 feet southwest. 

General Electric Flatiron Facility.  The General Electric Flatiron Facility (Flatiron Facility) occupied 
the site at 234 East Main Street, Ontario, California from the early 1900s to 1982.  Its operations 
consisted primarily of the manufacturing of clothes irons.  Currently, the site is occupied by an industrial 
park.  The Regional Board issued an investigative order to General Electric in 1987 after an inactive well 
in the City of Ontario was found to contain TCE and chromium above drinking water standards.  
Analytical results from groundwater sampling indicated that VOCs and total dissolved chromium were 
the major groundwater contaminants.  The most common VOC detected at levels significantly above its 
MCL is TCE, which reached a measured maximum concentration of 3,700 µg/L.  Other VOCs 
periodically detected, but commonly below MCLs, include PCE, toluene, and total xylenes, (Geomatrix 
Consultants, 1997).  Figure 2-58 shows the approximate areal extent of TCE in groundwater at 
concentrations exceeding MCLs, as of November 1997.  The plume is approximately 3,000 feet wide and 
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extends about 8,400 feet south-southwest (hydraulically downgradient) from the southern border of the 
site. 

General Electric Test Cell Facility.  The General Electric Company’s Engine Maintenance Center Test 
Cell Facility (Test Cell Facility) is located at 1923 East Avion, Ontario, California.  Primary operations at 
the Test Cell Facility include the testing and maintenance of aircraft engines.  A soil and groundwater 
investigation, followed by a subsequent quarterly groundwater-monitoring program, began in 1991 
(Dames & Moore, 1996).  The results of these investigations showed that VOCs exist in the soil and 
groundwater beneath the Test Cell Facility and that the released VOCs have migrated off site.  Analytical 
results from subsequent investigations indicate that the most common and abundant VOC detected in 
groundwater is TCE.  Other VOCs detected include PCE, cis-1,2-dichloroethene, 1,2-dicholoropropane, 
1,1-dichloroethene, 1,1-dichloroethane, benzene, toluene and xylenes, among others.  The historical 
maximum TCE concentration measured at an on-site monitoring well (directly beneath the Test Cell 
Facility) is 1,240 µg/L.  The historical maximum TCE concentration measured at an off-site monitoring 
well (downgradient) is 190 µg/L (BDM International, 1997).  Figure 2-58 shows the areal extent of VOC 
contamination exceeding federal MCLs as of March 1997.  The plume is elongate in shape, about 1,000 to 
1,200 feet wide and extends approximately 8,000 feet from the Test Cell Facility in a southwesterly 
direction. 

Kaiser Steel Fontana Steel Site.  Between 1943 and 1983, Kaiser Steel Corporation (Kaiser), operated 
an integrated steel manufacturing facility in Fontana.  During the first 30 years of the facility’s operation 
(1945-1974), a portion of the Kaiser brine wastewater was discharged to surface impoundments and 
allowed to percolate into the soil.  In the early 1970s, the surface impoundments were lined to eliminate 
percolation to groundwater (Wildermuth, 1991).  In July of 1983, Kaiser initiated a groundwater 
investigation that revealed the presence of a plume of degraded groundwater under the facility.  In August 
of 1987, the Regional Board issued Cleanup and Abatement Order Number 87-121, which required 
additional groundwater investigation and remediation activities.  The results of these investigations 
showed that the major constituents of the release to groundwater were inorganic dissolved solids and low 
molecular weight organic compounds.  Wells sampled during the groundwater investigations measured 
concentrations of total dissolved solids (TDS) ranging from 500-1,200 mg/L and concentrations of total 
organic carbon (TOC) ranging from 1 to 70 mg/L.  Figure 2-58 shows the approximate areal extent of the 
TDS/TOC groundwater plume as of November 1991.  The plume is approximately 3,000 feet wide and 
extends about 17,000 feet southwest.  As of November 1991, the plume had migrated almost entirely off 
the Kaiser site.   

Milliken Sanitary Landfill.  The Milliken Sanitary Landfill (MSL) is a Class III Municipal Solid Waste 
Management Unit located near the intersections of Milliken Avenue and Mission Boulevard in the City of 
Ontario.  The facility is owned by the County of San Bernardino and managed by the County’s Waste 
System Division.  The facility was opened in 1958 and continues to accept waste within an approximate 
140-acre portion of the 196-acre permitted area (GeoLogic Associates, 1998).  Groundwater monitoring 
at the MSL began in 1987 with five monitoring wells as part of a Solid Waste Assessment Test 
investigation (IT, 1989).  The results of this investigation indicated that the MSL has released organic and 
inorganic compounds to the underlying groundwater.  At the comp letion of an Evaluation Monitoring 
Program (EMP) investigation (GeoLogic Associates, 1998), a total of 29 monitoring wells were drilled to 
evaluate the nature and extent of groundwater impacts identified in the vicinity of the MSL.  Analytical 
results from groundwater sampling indicate that VOCs are the major constituents of the release.  The 
most common VOCs detected are TCE, PCE, and dichlorodifluoromethane.  Other VOCs detected above 
MCLs include vinyl chloride, benzene, 1,1-dichloroethane, and 1,2-dichloropropane.  The historical 
maximum total VOC concentration in an individual monitoring well is 159.6 µg/L (GeoLogic Associates, 
1998).  Figure 2-58 shows the approximate areal extent of VOCs in groundwater at concentrations 
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exceeding MCLs as of April 1998.  The plume is approximately 1,900 feet wide and extends about 2,000 
feet south of the MSL’s southern border (GeoLogic Associates, 1998). 

Municipal Wastewater Disposal Ponds.  Treated municipal wastewater has been disposed into ponds 
located near the current IEUA Regional Plant 1 (RP1) located in south Ontario and the former Regional 
Plant 3 (RP3) located in south Fontana.  The ponds located just east of RP1, commonly called the 
Cucamonga ponds, were used to dispose of untreated effluent collected by the Cucamonga County Water 
District (CCWD) and IEUA.  RP3 and its disposal ponds are located on the southwest corner of Beech 
and Jurupa Avenues in the City of Fontana.  Discharge to the Cucamonga ponds and the ponds of RP3 
ceased between the early 1970s and the mid-1980s.  The areas downgradient of these recharge ponds 
typically have elevated TDS and nitrate concentrations.  The locations of these ponds are shown in Figure 
2-58.  Contaminant plumes emanating from these ponds have never been fully characterized.  

Upland Sanitary Landfill.  The closed and inactive Upland Sanitary Landfill (USL) is located on the site 
of a former gravel quarry at the southeastern corner of 15th Street and Campus Avenue in the City of 
Upland.  The facility operated from 1950 to 1979 as an unlined Class II and Class III municipal solid 
waste disposal site.  In 1982, USL was covered with a 10-inch thick, low permeability layer of sandy silt 
over the entire disposal site (GeoLogic Associates, 1997).  Groundwater monitoring at the USL began in 
1988 and now includes three on-site monitoring wells (an upgradient well, a cross-gradient well, and a 
downgradient well) (City of Upland, 1998).  The results of groundwater monitoring indicate that USL has 
released organic and inorganic compounds to underlying groundwater (GeoLogic Associates, 1997).  
Groundwater samples from the downgradient monitoring well consistently contain higher concentrations 
of organic and inorganic compounds than samples from the upgradient and cross-gradient monitoring 
wells.  Analytical results from groundwater sampling indicate that VOCs are the major constituents of the 
organic release.  All three monitoring wells have shown detectable levels of VOCs.  The most common 
VOCs detected above MCLs are dichlorodifluoromethane, PCE, TCE, and vinyl chloride.  Other VOCs 
that have been periodically detected above MCLs include methylene chloride, cis-1,2 dichloroethene, 1,1-
dichloroethane, and benzene.  The 1990-95 average total VOC concentration in the downgradient 
monitoring well is 125 µg/L (GeoLogic Associates, 1997).  Figure 2-58 shows the approximate areal 
extent of VOCs in groundwater at concentrations exceeding MCLs as of April 1998.  However, the plume 
is defined only by the three on-site monitoring wells.  The plume extent may be greater than is depicted 
on Figure 2-58. 

National Priorities List Sites.  Three facilities in, or directly tributary to, the Chino Basin are on the 
current National Priorities List (NPL) of Superfund sites: 

•  Stringfellow; 
•  Dodson Brothers; and 
•  Pacific Polishing (Figure 2-58). 

Elevated levels of TCE and its degradation by-products have been detected in groundwater in the vicinity 
of the Dodson Brothers Superfund site (cf. Tables 2-44 and 2-53).  

TCE/PCE Anomaly – South of the Ontario Airport.  A plume containing TCE and PCE exists south of 
the Ontario Airport.  The plume extends from approximately State Route 60 on the north, Turner Avenue 
on the east to Schaeffer Avenue on the south and Vineyard Avenue on the west.  Figure 2-58 shows the 
approximate areal extent of the plume.  The plume appears to be approximately 6,000 feet wide and 9,000 
feet long.  The maximum reported TCE and PCE concentrations are 142 µg/L and 2 µg/L, respectively. 
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Role of the Vadose Zone in Future Water Quality 

The vadose zone is the unsaturated part of the aquifer that lies between the water table surface and the 
land surface.  The vadose zone has become larger and thicker over time as the groundwater levels in the 
Basin have declined due to overdraft.  Some of the contaminants discharged to the land surface or into 
ponds remain in the vadose zone.  The mechanisms for retention of contaminants within the vadose zone 
are complex, but are generally caused by sorption and precipitation.  Some contaminants move down 
towards the saturated zone at much lower rates (a few feet per year) than they can move once they get to 
the saturated zone (a few feet per day). MWDSC completed a study of the TDS and nitrate impacts in the 
Chino Basin from a proposed 700,000 acre-ft storage program California (MWDSC, 1988).  The outcome 
of this study suggested that the raising of groundwater levels associated with the increase in storage 
would mobilize TDS and nitrates in the vadose zone and cause serious water quality problems throughout 
the Basin.  The proposed storage program did not add contaminants – it flushed contaminants already in 
the vadose zone into the saturated zone.  This potential effect could not be verified with more advanced 
modeling in the CBWRMS due to problems with the model.  Real-world experiments to verify the TDS 
and nitrate contamination are not practical for a basin as large as the Chino Basin.   

As the agricultural land uses in the Chino Basin convert, the loading of contaminants to the vadose zone 
will be significantly reduced, as will percolation at the land surface that drives the contaminants down 
towards the saturated zone.  This will have the effect of reducing the rate of vadose zone loading to the 
saturated zone. 

SAFE YIELD 

The safe yield of the Chino Basin was established in the 1978 Judgment to be 140,000 acre-ft/yr.  The 
basis for this estimate is described by William J. Carroll in his testimony on December 19 and 20, 1977, 
during the adjudication process.  Table 2-13 lists the hydrologic components developed by Carroll to 
estimate the safe yield of the Chino Basin.  These components were developed for the period 1965 to 
1974, a period that Carroll referred to as the base period.  The hydrologic components listed in Table 2-13 
are described below. 

Deep Percolation of Precipitation and Surface Inflow – consists of the deep percolation of 
precipitation and streamflow.  Carroll developed the estimate of 47,500 acre-ft/yr based on an 
extrapolation of the early Chino Basin modeling results from the DWR. 

Deep Percolation of Artificial Recharge – consists of the percolation of local runoff in spreading basins.  
Carroll estimated that the local runoff recharged in SBCFCD-controlled facilities to be about 2,800 acre-
ft/yr during the base period.  The Etiwanda Water Company also recharged about 1,000 acre-ft/yr of Deer 
and Day Creek water in the Chino Basin during the base period. 

Deep Percolation of Chino Basin Groundwater Used for Irrigation (domestic and agricultural) – 
defined as the fraction of water applied for irrigation that percolates through the soil and recharges 
underlying groundwater.  Carroll estimated that about 15 percent of the water used for domestic irrigation 
would percolate to groundwater; and that 45 percent of the water used for agricultural irrigation would 
percolate to groundwater.  The volume of percolation of Chino Basin groundwater used for irrigation over 
the base period was estimated by Carroll to be about 61,700 acre-ft/yr. 

Deep Percolation of Imported Water Used for Irrigation (domestic and agricultural) – same as deep 
percolation of Chino Basin groundwater except that the water used for irrigation is imported to and used 
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over the Chino Basin.  The volume of percolation of imported water used for irrigation over the base 
period was estimated by Carroll to be about 7,000 acre-ft/yr. 

Recharge of Sewage – defined to be the percolation in ponds of wastewater discharged by municipal 
wastewater treatment plants.  This component almost completely ceased during the base period and was 
known to be eliminated as a recharge source when the safe yield was estimated.  The volume of sewage 
recharge over the base period was about 18,200 acre-ft/yr.  The inclusion of recharge of sewage as a 
component of safe yield in the stipulated Judgment was therefore not hydrologically consistent with how 
the Basin was to be operated post-Judgment.  

Subsurface Inflow  – defined to be the groundwater inflow to the Chino Basin from adjacent 
groundwater basins and mountain fronts including: 

 

Bloomington Divide (Riverside Basin) 3,500 acre-ft/yr 
San Gabriel Mountain front 2,500 acre-ft/yr 
Colton Rialto Basin 500 acre-ft/yr 
Cucamonga Basin 100 acre-ft/yr 
Claremont and Pomona Basins 100 acre-ft/yr 
Jurupa Hills 500 acre-ft/yr 
  
Total 7,200 acre-ft/yr 

 say 7,000 

 

Subsurface Outflow – defined as groundwater that rises to the ground surface in Prado Basin to become 
Santa Ana River flow.  Estimates of subsurface outflow were based on studies by DWR, United States 
Geological Survey (USGS), and Carroll.  Carroll estimated the subsurface outflow to average about 6,800 
acre-ft/yr over the base period. 

Extractions – consists of groundwater extractions from the Chino Basin.  Carroll estimated the 
groundwater extractions to average about 180,000 acre-ft/yr during the base period. 

In addition to these components, Carroll estimated the change in storage over the base period to be about 
40,000 acre-ft/yr; that is, the groundwater in storage declined by about 400,000 acre-ft between 1965 and 
1974.  Carroll estimated the safe yield to be the equal to the average extraction over the base period minus 
the average annual overdraft during the base period: 

  
safe yield  = extraction - overdraft 

  = 180,000 - 40,000 
  = 140,000 acre-ft/yr 
A more recent estimate the safe yield can be abstracted from the groundwater modeling work done for the 
Chino Basin Water Resources Management Study -- Task 6 Memorandum Develop Three Dimensional 
Groundwater Model (Montgomery Watson, 1994).  The hydrologic components derived from the 
modeling results for a 30-year period -- October 1960 to September 1989 (water years 1961 to 1989) - are 
listed in Table 2-14.  The safe yield based on the CBWRMS results (1961 to 1989) computed in a manner 
similar to Carroll is: 

 safe yield = extraction - overdraft 
  = 183,000 - 17,000  
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  = 166,000 acre-ft/yr 

The safe yield based on CBWRMS modeling results for the base period (1965 to 1974) used by Carroll 
would be: 

 safe yield = extraction - overdraft 
  = 189,000 - 20,000 
  = 169,000 acre-ft/yr 

A more conceptually correct estimate of the safe yield would include a reduction for artificial recharge of 
imported water and other waters that are currently not part of the yield, such as recharge of reclaimed 
water.  The adjusted estimates would then be: 

 Carroll’s estimate 1965 to 1974 118,000 acre-ft/yr 
 
 CBWRMS estimate 1961 to 1989 151,000 acre-ft/yr  
 
 CBWRMS estimate 1965 to 1974 156,000 acre-ft/yr 

Watermaster may decide to change the safe yield of the Basin based on new information such as that 
developed from the CBWRMS and subsequent studies.  Safe yield is used to determine the need for 
replenishment obligation for individual parties to the judgment.  New water from the capture and recharge 
of storm water, from induced recharge caused by increased southern basin production (or, conversely, the 
reduction of yield from reduced production in the southern Chino Basin), or from other sources will 
enhance the yield of the Basin and thereby reduce the cost of purchasing imported water for 
replenishment. 

At the time the Chino Judgment was implemented (1978), about 41 percent of the safe yield was 
estimated to come from irrigation returns.  Since that time, irrigated agriculture has declined and is 
projected to be almost completely gone by 2020.  This will result in a decline in irrigation returns to 
groundwater and a potential decrease in the safe yield.  In addition, San Bernardino County, Riverside 
County, and the US Army Corps of Engineers (USACE) have constructed flood control projects that 
capture and convey runoff to the Santa Ana River - effectively eliminating the groundwater recharge that 
formerly took place in the stream channels and flood plains in the Chino Basin.  This also may have 
resulted in a decrease in the safe yield of the Chino Basin. 

Water harvesting opportunities exist that can be used to offset the yield lost to urbanization and flood 
control improvements.  Water harvesting consists of capturing and recharging runoff caused by 
urbanization.  Most of the precipitation falling on undeveloped land or land in agricultural uses is lost to 
evapotranspiration.  Runoff increases dramatically with urbanization due to drainage improvements, 
increased impervious land cover, and decreased evapotranspiration of rainfall.  The potential yield from 
this additional runoff is numerically equal to the increase in runoff that occurs when the land is converted 
to urban uses.  The actual yield is equal to the additional runoff that is captured and put to beneficial use.  
In the Chino Basin, the best and least expensive way to put this yield to beneficial use is groundwater 
recharge.   

Urbanization also creates reclaimed water.  Presently, most of this water is discharged to the Santa Ana 
River.  IEUA currently plans to use some of their reclaimed water for direct uses, including non-potable 
industrial uses, irrigation, and groundwater recharge.  Increasing the yield of the Chino Basin by 
increased capture of local runoff will improve the dilution of reclaimed water used for groundwater 
recharge and reduce the cost of mitigation requirements for such reclamation. 
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WATER DEMANDS AND WATER SUPPLY PLANS 

Current and Future Water Demands 

The purpose of this subsection is to describe the current and projected water demands and supplies for 
agencies that produce groundwater from the Chino Basin.  This information will serve as the basis for 
identifying future water resources issues in the Chino Basin area.  Updated forecasts of water demands 
and supplies were requested from each Chino Basin water agency and industrial producer.  Requested 
data included demands, water supply plans by individual well or source, well construction and operating 
data, and water production and treatment costs.  Many agencies provided updated information.  Where 
responses were incomplete, previous information developed as part of the 1995 Chino Basin Water 
Resources Management Study (CBWRMS) was used.  The planning period for this evaluation is 2000 to 
2020.      

Growth Projections.  There are several indicators of potential growth within the Chino Basin study area.  
These include population, housing, employment, and land use.  The Southern California Association of 
Governments (SCAG) periodically develops population, housing, and employment projections.  SCAG 
prepares growth projections as part of its regional transportation planning for Imperial, Los Angeles, 
Orange, Riverside, San Bernardino, and Ventura counties.  The most recent SCAG projection is SCAG-
98, which was adopted in April 1998.   

The SCAG-98 projection indicates the six-county region will grow from 15.6 million people in 1994 to 
22.4 million in 2015.  This represents an increase 6.7 million people between 1994 and 2015 and a growth 
rate of 43 percent.  San Bernardino and Riverside counties are projected to grow at a rate that is more than 
double the regional average.  San Bernardino County is projected to grow from 1,558,000 people in 1994 
to 2,830,000 in 2020.  Riverside County is projected to increase from 1,377,000 people in 1994 to 
2,816,000 in 2020.   

Population.  Table 2-15 summarizes the population projections for the Chino Basin area by water 
purveyor.  The SCAG projections were desegregated by city and census tract and combined by water 
purveyor service area.  These projections indicate population will increase from 971,000 in 1994 to 
1,631,000 in 2020.  This is a growth rate of 68 percent or 2.6 percent per year.  The population in some 
water service areas in the San Bernardino County portion of the Basin are projected to increase by as 
much as 125 percent.   

Housing.  Total housing is projected to increase from 284,000 units in 1994 to 496,000 in 2020, a growth 
rate of 75 percent.  By comparing population and housing, the average occupancy is projected to decrease 
slightly from 3.4 to 3.3 persons per dwelling unit.   

Employment.  Employment is projected to increase from 316,000 jobs in 1994 to 702,000 jobs in 2020, a 
growth rate of 122 percent.   

Water Demand Projections.  Current water demands and supply projections form the basis for evaluating 
future water management programs in the Chino Basin area. Water demands are developed based on the 
water service areas shown in Table 2-16. 

Water demand projections can be developed by several different methods.  These include per capita, 
water duty and units of use approaches.  The most frequently used methods are the per capita 
consumption method and the water duty method.   
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For this assessment, all water demands are based on information provided by the water agencies.  In the 
absence of agency data, the assumptions in the CBWRMS have been used.  These projections have been 
compared with the current SCAG projections.  However, no adjustments to he demands have been made.  

Projected water demands for the Chino Basin are presented in Table 2-16.  This table indicates that Chino 
Basin area water demands will reach 348,000 acre-ft/yr in 2000 to 418,000 acre-ft/yr in 2020.  Significant 
municipal water demand growth is expected to occur in the agricultural preserve area.  This will result in 
increased demands for the Cities of Chino, Chino Hills and Ontario, and Jurupa Community Services 
District.  Agricultural water demands are expected to decrease during the planning period as land is 
converted to urban uses. 

Water Supply Plans 

The principal water supplies in the Chino Basin area are groundwater pumped from the Chino Basin, 
other local groundwater and surface water, imported water purchased from Metropolitan and recycled 
water.  The amounts of water utilized from each source are based on data provided by each water 
purveyor.  If data was not provided, the supplies area based on projections developed for the Chino Basin 
Water Resources Management Study (1995).  Each of these sources is discussed below.  Table 2-17 
presents projected water supply plans for appropriators in the Chino Basin area.   Table 2-18 summarizes 
the water demands by major source categories.  The growth in demand and general source plan is shown 
is shown graphically in Figure 2-60.  Review of Table 2-18 and Figure 2-60 shows that there will be 
about 40,000 to 50,000 acre-ft/yr of Chino Basin production that will incur a replenishment obligation.  
The replenishment obligation can be met by the recharge of imported and reclaimed water, in-lieu 
replenishment involving imported water, and from water in local storage accounts.  In the long run, the 
replenishment obligation of about 40,000 to 50,000 acre-ft/yr will need to be met with imported and 
recycled water. Thus the imported and recycled water components in Table 2-18 and Figure 2-60 should 
sum to a total of 40,000 to 50,000 acre-ft/yr higher. 

Chino Basin Groundwater.  The Chino Basin is the largest groundwater basin in the Upper Santa Ana 
Watershed.  Water is reallocated from the Overlying Agricultural Pool to the Appropriative Pool when it 
is not put to use by the agricultural users.  As agricultural production declines, the reallocations to the 
Appropriative Pool will increase.  Total production from the Chino Basin is projected to range between 
180,000 to 190,000 acre-ft/yr over the planning period.  Production in excess of safe yield must be 
replaced through the purchase of replenishment water, which is imported into the Chino Basin, by the 
Watermaster.   

Other Local Supplies.  Other local water sources provide a portion of the water supplies for Chino Basin 
water agencies.  These supplies include surface water and groundwater.   

Surface Water.  A number of water supply agencies, which produce groundwater from the Chino Basin, 
obtain a portion of their water supplies from local surface water sources.  These agencies include the: City 
of Pomona, City of Upland, Cucamonga County Water District, Fontana Water Company, San Antonio 
Water Company, West End Consolidated Water Company, and West San Bernardino County Water 
District.  The principal surface water sources include San Antonio Canyon, Cucamonga Canyon, Day 
Creek, Deer Creek, Lytle Creek and several smaller surface sources.  For the most part, these surface 
water sources are fully developed and no significant additional supplies are anticipated to be developed in 
the future.  Usage is expected to remain at 16,000-17,000 acre-ft/yr.   

Other Groundwater.  Other local groundwater supplies represent a significant supplemental source of 
water for Chino Basin water agencies.  Other groundwater supplies in the study area include the 
Claremont Heights, Live Oak, Pomona and Spadra Basins in Los Angeles County, the Riverside South 
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and Temescal Basins in Riverside County, and the Colton-Rialto, Cucamonga, Lytle Creek Bunker Hill, 
and Riverside North Basins in San Bernardino County.  Agencies using other local groundwater include: 
City of Pomona, City of Upland, Cucamonga County Water District, Fontana Water Company, San 
Antonio Water Company, Southern California Water Company, West End Consolidated Water Company, 
and West San Bernardino County Water District.  These supplies may increase slightly in the future as 
additional wells are constructed.  However, most of these sources are essentially fully developed.  
Descriptions of these groundwater basins were presented in the CBWRMS Final Report (1995). The 
aggregate supply from these basins is currently 63,000 acre-ft/yr and is projected to be 76,000 acre-ft/yr 
in 2020. 

Imported Water.  Two regional agencies are responsible for imported water deliveries within the study 
area: Metropolitan Water District of Southern California (Metropolitan) and San Bernardino Valley 
Municipal Water District (SBVMWD).  Metropolitan is a wholesale water agency serving supplemental 
imported water to 27 members (city and water agencies) in portions of Los Angeles, Orange, Riverside, 
San Bernardino, San Diego and Ventura counties.  This service area has a current population of more than 
16 million people.  Approximately one-half of the total water used throughout the entire Metropolitan 
service area is imported water purchased from Metropolitan to supplement the local water supplies in its 
service area.  Metropolitan obtains imported supplies from the Colorado River and the State Water Project 
(SWP). The demand for direct delivery of imported water for the Chino Basin purchased from 
Metropolitan is projected to increase from about 68,000 acre-ft/yr in 1997 to 129,000 acre-ft/yr by 2020, 
an increase of about 90% percent.  The demand for replenishment water in the Chino Basin could reach 
40,000 acre-ft/yr by 2020 if reclaimed water is not used for replenishment or direct uses and water in 
local storage accounts is not available for use as replenishment. 

SBVMWD is a wholesale water purveyor in the easternmost portion of the study area and adjacent 
portions of San Bernardino County.  SBVMWD is a SWP Contractor having an entitlement of 102,600 
acre-ft/yr.  In addition, SBVMWD is responsible for basin management in the Bunker Hill basin.  The 
City of Rialto and West San Bernardino County Water District obtain water from SBVMWD through its 
Baseline Feeder that supplies Bunker Hill groundwater (included in other groundwater above).    

Recycled Water.  There are several existing sources of recycled water in use within the Chino Basin 
study area.  These are the Pomona Water Reclamation Plant (operated by the Los Angeles County 
Sanitation Districts), Regional Plants 1, 2 and 4, and Carbon Canyon Water Reclamation Plant operated 
by IEUA, Upland Hills Water Reclamation Plant operated by the City of Upland, CIM Water 
Reclamation Plant operated by the California Institution for Men at Chino, and Indian Hills Water 
Reclamation Plant operated by Jurupa Community Services District.  For this section, only existing and 
planned recycled water uses that will be implemented in the next two years are included in the water 
supply plans. This is about 11,500 acre-ft/yr.   

Summary.  The plans summarized in this section represent the current non-OBMP water supply plans of 
each individual water agency, as qualified previously.  Future evaluation of these plans may indicate 
problems relative to their long-term feasibility.  Availability of imported water supplies will have a 
significant effect on plan feasibility. 

WASTEWATER FLOWS, TREATMENT AND DISPOSAL 

This section summarizes existing and proposed municipal wastewater treatment and disposal plans for the 
Chino Basin study area for the planning period of 2000 through 2020.  Existing municipal wastewater 
treatment facilities are described briefly along with a review of present and projected wastewater flows.  
Future treatment and disposal plans for the study area are also discussed.  
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Wastewater Flow Projections 

Wastewater flow projections are made using a combination of methods similar to water demand 
projections.  Depending on the planning data available, wastewater flow projections are made using per 
capita-based, EDU-based, area-based, and water consumption-based methods.  The per capita method 
uses projected populations and average unit wastewater flows per person (90-110 gallons per day per 
person).  EDU-based projections use unit flows per equivalent dwelling unit (EDU), where an EDU is the 
average amount of sewage generated by a single-family residential household (about 270 gallons per 
day).  EDUs are estimated for commercial and industrial land uses using fixture unit counts or estimated 
wastewater flows.  Flow projections are computed by projecting future EDUs and multiplying by the unit 
flow per EDU.  Area-based methods typically use unit flow factors for each land use type.  Flows are 
computed by multiplying the unit factor for each land use type by the corresponding acreage and totaling 
the individual flows for each land use type.  Water consumption-based methods compute wastewater 
flows based on the difference between water demand and water consumption. Water consumption is the 
amount of water that does not return to the sewer system and is a function of the particular land use type 
and water use group.  Currently, most wastewater flow projections in the study area are based on either 
per capita or EDU methods. Figure 2-61 illustrates the projected wastewater flows for each service area 
described below. 

LACSD Service Area.  The Los Angeles County Sanitation Districts (LACSD) furnishes wastewater 
services for Pomona and Claremont.  Using the SCAG-98 growth projections and a wastewater 
generation factor of 110 gpcd, the wastewater flows for this area are estimated to increase from 22,000 
acre-ft/yr to 30,000 acre-ft/yr in 2020. 

IEUA Service Area.  IEUA develops ten-year wastewater forecasts for its service area in conjunction 
with its annual capital improvement plan (CIP).  As part of its current CIP, IEUA also prepared a fifty-
year projection of wastewater flows.  These projections indicate wastewater flows will increase from 
57,000 acre-ft/yr in 1997 to 112,000 acre-ft/yr in 2020.  This represents an increase of 96 percent.  

Riverside County Service Area.  Wastewater collection for the portion of the study area in Riverside 
County is provided by several agencies including Jurupa Community Services District and Norco.  Other 
portions are unsewered.  Wastewater flows for the Riverside County area are estimated to increase from 
10,000 acre-ft/yr in 1997 to 15,000 acre-ft/yr by 2020 based on projected population increases. This  
includes wastewater generated by unsewered areas. Additional wastewater from outside the study area is 
expected to be treated at the Western Riverside Regional Water Reclamation Plant. However, no 
estimates of these additional flows were received. 

Treatment and Disposal 

Seven agencies are responsible for wastewater treatment and disposal for their respective areas.  In Los 
Angeles County, LACSD is the treatment and disposal agency.  In western San Bernardino County, IEUA 
and the City of Upland perform this role.  In the easterly portion of the study area, the City of Rialto 
provides this service.  In Riverside County, several agencies are responsible for wastewater treatment, 
including the Cities of Riverside and Corona, and JCSD. 

There are three basic wastewater service areas within the study area.  These areas include: 

• LACSD System (Los Angeles County) 
• IEUA System (Western San Bernardino County) 
• Riverside County 
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LACSD System.  The LACSD provides regional wastewater collection and treatment for most of Los 
Angeles County.  LACSD is divided into districts that handle wastewater management within their 
service areas.  LACSD No. 21 provides this service for the Claremont, La Verne, and Pomona service 
areas.  Urban and industrial wastewater flows from the Los Angeles County portion of the study area are 
collected by the cities of Claremont, La Verne, and Pomona.  This wastewater is routed to LACSD No. 21 
for treatment at LACSD’s Pomona WRP and San Jose Creek WRP.  With the exception of recycled water 
used by the City of Pomona from the Pomona WRP, all wastewater reaching the sewer system is exported 
out of the study area.  The Pomona WRP has capacity of 15 MGD and is expected to operate at that level 
during the planning period. 

IEUA System.  IEUA has constructed a Regional Sewerage System within its service area to collect, treat 
and dispose of wastewater delivered by contracting local agencies.  The contracting cities and water 
districts are responsible for wastewater collection within their individual service areas.  A system of 
regional trunk and interceptor sewers that convey sewage to regional wastewater treatment plants is 
owned and operated by IEUA.  IEUA’s wastewater collection system is divided into two major service 
areas: the Northern Service Area and the Southern Service Area.  

IEUA currently operates four wastewater treatment plants: Regional Plant No. 1 (RP1), Regional Plant 
No. 2 (RP2) Regional Plant No. 4 (RP4), and Carbon Canyon Water Reclamation Plant (CCWRP).  A 
fifth regional plant, known as Regional Plant No. 3 (RP3), is no longer in service.  One new treatment 
plant, Regional Plant No. 5 (RP5), is in the planning stages.  All of these plants are or will be capable of 
producing effluent that meets Title 22 requirements for water reclamation.  Figure 2-62 illustrates the 
projected flows and capacity staging of these plants.  Each of these plants are described below 

Regional Plant No. 1.  Although RP1 is designed to treat 44 mgd, the capacity was downrated to 32 mgd 
in 1992 due to more stringent permit requirements.  The plant is being operated at an interim capacity of 
41 mgd while plant upgrades are completed.  A 1996 Regional Board cease and desist order requires the 
plant to be restored to its design capacity by 1999.  RP1 is expected to operate at near its design capacity 
and treat wastewater flows from its service area and excess flows from RP4 until 2014.  A plant 
expansion to about 56 mgd is planned to be on-line by 2014 to meet increased flows from its service area.  

Regional Plant No. 2.  RP2 serves the City of Chino and surrounding areas.  A 1994 cease and desist 
order by the Regional Board requires the plant to be flood protected or relocated.  Consequently, the plant 
will be potentially abandoned and its capacity replaced by a new RP5 by 2001.  Solids handling facilities 
will continue to operate at this site. 

Regional Plant No. 4.  RP4 is a 7-mgd wastewater treatment facility that recently began operation.  The 
plant will be expanded to 14 mgd by 2008 and 21 mgd by 2021.  Population growth and corresponding 
wastewater production in the northeastern region of the District, including portions of City of Fontana and 
Cucamonga County Water District will determine the rate of expansion.   

Carbon Canyon Water Reclamation Plant.  Carbon Canyon Water Reclamation Plant (CCWRP) became 
operational in May 1992.  CCWRP is designed to produce recycled water that can be used for non-potable 
purposes including industrial and irrigation uses in the western region of the Chino Basin.  The initial 
design capacity of 10.2 mgd is planned for increase to 15.3 mgd in the year 2014.  Sludge generated at the 
CCWRP is treated at the RP2 sludge processing facilities and will be for the foreseeable future.   

Regional Plant No. 5.  Growth in the southern portion of the IEUA service area will require additional 
treatment capacity.  IEUA plans to construct a new RP5 by 2001.  The initial phase of this plant will be 
12 mgd of which 5 mgd will replace capacity at RP2.  The new RP5 is expected to serve the San 
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Bernardino Agricultural Preserve area as well as treating 3.6 mgd from southern Ontario.  A second phase 
expansion to 18 mgd is projected to be completed by 2008 with a third phase expansion by 2021.   

Western Riverside County Regional Wastewater Treatment System.  The Western Riverside County 
Regional Wastewater Authority, a Joint Powers Authority, has constructed a regional wastewater 
treatment facility to serve portions of Jurupa CSD, Norco, Home Gardens Sanitary District and Western 
MWD.  This facility is located in Western Riverside County near the intersection of McCarty Road and 
Hellman Avenue.  This facility has an initial treatment capacity of 8.5 mgd.  The treatment plant will be 
expanded to an ultimate capacity of 13.3 mgd.  The facility provides tertiary filtration and nitrogen 
removal to meet projected discharge requirements.  Effluent from this plant will be discharged to the 
Santa Ana River.  Projections of flows to this plant are not available as of the date of this report. 

SUMMARY OF GROUNDWATER LEVEL, STORAGE, PRODUCTION AND WATER QUALITY PROBLEMS 

Groundwater Level Problems 

Overall, groundwater levels have declined between 50 to 200 feet in the Chino Basin since the turn of the 
century.  The western side of the Basin, notably Management Zones 1a and 1b, has experienced the 
greatest decline in groundwater levels.  The City of Chino and CIM have recently experienced ground-
surface fissures that are thought to be related to increased groundwater production in the vicinity of the 
City of Chino.  Groundwater producers that affect groundwater levels in this area include the cities of 
Chino, Chino Hills, Ontario, Pomona, the Monte Vista Water District, CIM, and agricultural producers.  
The City of Chino Hills has reported loss of production at one well due to recently declining groundwater 
levels.  The management steps to eliminate groundwater-level problems in this area are described below. 

Ground Level Survey.  Conduct a ground-level survey of the area in Management Zone 1.  This would 
include a review of past surveys and new surveys.  The survey results would be compared to historical 
surveys to determine the location, rate, and magnitude of subsidence in the Basin.  Periodic surveys 
should be conducted afterwards to monitor for further subsidence. 

Monitoring.  Develop and implement a groundwater-level and quality monitoring program that can be 
used to observed groundwater trends.  This program should be developed and implemented before a 
groundwater recharge/production management plan is developed for Management Zone 1 in order to 
define local groundwater flow systems for better management of recharge and production. 

Balance Groundwater Production and Recharge.  Balance groundwater production with recharge in 
Management Zone 1, or, if necessary, balance production and recharge more locally within Management 
Zone 1.  This may require temporarily reducing production below the level at which balance occurs to 
bring groundwater levels up to a safe level.  A safe level needs to be determined.  Recharge of local or 
native and imported water should be increased as much as practical.  Given that recharge in the area is 
maximized, production may still have to be reduced in Management Zone 1 and replaced with either 
production from Management Zone 2 or some other source of water. 

Groundwater Storage 

The Chino Basin has immense storage capacity.  Since the Judgment was implemented, total groundwater 
storage appears to have stabilized.  However, as noted earlier, the storage in the Basin has declined by 
about 1,000,000 acre-ft since 1933.  Therefore, there is at least 1,000,000 acre-ft of unused storage 
capacity available in the Basin.  Increasing storage has some costs.  There will be losses to the Santa Ana 
River due to rising groundwater.  The analysis previously presented suggests that the losses from local 
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and cyclic storage accounts due to rising groundwater during the period 1978 to 1997 could be as high as 
50,000 acre-ft (or 18 percent of the volume that Watermaster assumes is in storage).  Ignoring these losses 
will result in overdraft of the Chino Basin.  A significant increase in groundwater storage, say on the 
order of 100,000s of acre-ft, may induce large groundwater losses to the Santa Ana River.  In addition, a 
storage increase of this magnitude may have groundwater quality impacts due to flushing of contaminants 
within the vadose zone.  The volume of safe storage from a water quality perspective is unknown.  The 
management steps to mitigate the significant issues with groundwater storage are described below: 

Develop Storage Accounting System that Includes Losses.  Presently, Watermaster keeps track of 
transfers to and from local and cyclic storage accounts without accounting for groundwater losses.  
Watermaster should adopt a loss-estimating procedure and adjust the volume in storage accounts each 
year. 

Water Quality Impacts from Conjunctive Use Programs.  Mitigation measures need to be developed 
to protect producers in the event that large conjunctive-use programs cause unacceptable water quality 
impacts.  

Groundwater Production 

The primary issues for groundwater production are localized overdraft in Management Zone 1, and the 
potential changes in safe yield that can occur with changes in the location and magnitude of pumping.  
The location and amount of groundwater production generally appears to be balanced in the Basin except 
for Management Zone 1.  Groundwater levels need to be increased in Management Zone 1 to minimize 
future subsidence and ground fissures, maintain production at a sustainable level, and improve 
groundwater quality.  The management steps for this issue are identical to those for Groundwater Levels.   

Groundwater production in the southern half of the Basin will need to be managed to ensure that safe 
yield is not reduced as agricultural areas convert to urban uses.  Losses in safe yield due to decreases in 
agricultural production in the southern part of the Basin are distributed among the appropriators based on 
their initial share of safe yield.  Thus, the loss in yield is translated throughout the Basin. Increasing 
production near the Santa Ana River could enhance exiting safe yield.  The management steps for 
addressing this issue are listed below. 

Optimization Studies.  Conduct studies to optimize groundwater production patterns in southern Chino 
Basin.  These studies will involve geologic investigations and modeling of southern Chino Basin. 

Southern Basin Water Supply Plan.  Develop a groundwater production and treatment plan that 
matches the emerging water demands of development in the southern Chino Basin with facilities 
necessary to provide water of appropriate quality. 

Water Quality 

The TDS and nitrate problems in the Basin are the most costly ones to deal with and are primarily non-
point source related.  By contrast, point-source dischargers of organic solvents and other contaminants are 
dealing with most of their related groundwater plumes.  The cost of TDS and nitrate removal is estimated 
to be about $700 per acre-ft.  The cost to remove solvents is generally under $100 per acre-ft.  Figure 2-59 
shows the locations of known point sources and areas with impaired water quality in the Chino Basin. 

The source of the TDS and nitrate contamination in the northern part of the Basin has mostly disappeared.  
The primary sources of TDS and nitrate contamination in the southern part of the Basin are dairies and 
they will probably remain active for the next 20 years.  TDS and nitrate degradation should continue in 
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the southern basin for the foreseeable future and the cost to treat contaminated groundwater will escalate 
over current costs due to past and continued animal waste disposal practices.  The steps to manage 
groundwater quality problems in the Basin are described below. 

Point-Source Management.  Watermaster should work with the Regional Board, Department of Toxic 
Substances Control and other regulatory agencies to identify point-source discharge related problems, 
facilitate their solution, and where necessary, use its institutional influence to obtain prompt and 
satisfactory mitigation.  In some cases, the solution to a point-source problem and a non-point source 
problem can be addressed through one coordinated capture and treat project with reduced cost to all 
parties. 

Non-point Source Management.  The groundwater contaminated from non-point sources in the northern 
and southern parts of the Basin will need to be treated through dilution, demineralization or some other 
process, so that the water can be put to beneficial use.  This is absolutely necessary in the southern Chino 
Basin to maintain safe yield.  The Optimization Studies and Southern Basin Water Supply Plan steps 
listed under Groundwater Production apply here as well.  The export of dairy waste from the Basin 
should be maximized. 

Safe Yield 

All the problems listed above need to be addressed to maintain safe yield.  In addition to those steps, 
maximizing the capture and recharge of storm water and reclaimed water could increase safe yield.  The 
SBCFCD, Riverside County Flood Control and Water Conservation District (RCFCWCD), and the 
USACE have developed and continue to develop new flood control projects that efficiently convey flood 
waters out of the Chino Basin and reduce recharge.  This has a negative impact on safe yield.  
Watermaster needs to participate in these flood control projects to maximize recharge.  Watermaster and 
the Chino Basin Water Conservation District initiated a multiphase recharge master plan study and 
completed Phase 1 in May 1998.  Phases 2 and 3 need to be completed. 
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This section presents the mission statement for the OBMP, the issues, needs and interests that were 
articulated by the stakeholders, and the goals of the OBMP.  Each of these items was developed as part of 
the institutional process.  These items were discussed in numerous public meetings and their final form is 
based on the consensus of those stakeholders that participated in the process. 

MISSION STATEMENT 

The stakeholders have met twice per month since the February 19, 1998 ruling by Judge Gunn, to develop 
the OBMP.  As part of this process, the stakeholders defined a new paradigm from which they view their 
stewardship responsibilities, current and anticipated problems in the Basin, and the solution approaches to 
those problems.  This new paradigm is described in the following mission statement and core values 
developed by the stakeholders:   

The purpose of the Optimum Basin Management Program is to develop a groundwater 
management program that enhances the safe yield and the water quality of the Basin, 
enabling all groundwater users to produce water from the Basin in a cost-effective 
manner. 

The stakeholders have adopted the following core values associated with the mission statement. 

Water Quality.  All producers desire to produce water of a quality that is safe and suitable for the 
intended beneficial use. 

Long View.  All producers desire a long term, stable planning environment to develop local water 
resources management projects.  The producers, independently and through Watermaster, will strive to 
take the long view in their planning assumptions and decisions to ensure a stable and robust management 
program. 

Increased Local Supplies.  All producers will, for an undetermined time into the future, be dependent on 
high quality imported water for direct uses and for groundwater replenishment.  Because high quality 
imported supplies may not be available, the producers will strive to minimize their dependency on 
imported water and to increase their dependency on local supplies when economically justified. 

Groundwater Storage.  Unused groundwater storage capacity in the Chino Basin is a precious natural 
resource.  The producers will manage the unused storage capacity to maximize the water quality and 
reliability and minimize the cost of water supply for all producers.  The program will encourage the 
development of regional conjunctive use programs. 

Storm Water Recharge.  The producers will strive to increase storm water recharge and thereby 
maintain and enhance the safe yield and water quality. 

Reclaimed Water Recharge.  The safe yield of the Chino Basin will be enhanced through the recharge 
of reclaimed water.  The producers will strive to maximize the recharge of reclaimed water to enhance the 
safe yield and water quality. 

Cost of Groundwater Supplies.  The producers are committed to finding ways to subsidize the cost of 
using poor quality groundwater in a cost-effective and efficient manner. 

SAR EIR A.R. 33



SECTION 3 
GOALS OF THE OBMP 

_____________________________________________________________________________________ 
 

 
August 19, 1999 3-2 Wildermuth Environmental, Inc. 
 

 

MANAGEMENT ISSUES, NEEDS, AND INTERESTS 

As part of the OBMP scoping process, issues, needs and interest were solicited from the stakeholders in 
the Basin. These issues, needs and interests have been summarized in a tabular form in Tables 3-1 
through 3-7, where each table refers to a class of issues, needs and interests that include: 

• safe yield 
• native and imported water recharge 
• quality and quantity 
• reclaimed water 
• conjunctive-use storage 
• costs 
• human resources and administration 

Attribution for the source of each issue, need, and interest is listed in these tables.  In some cases, a 
specific issue, need and interest may show up in more than one class.   These needs and interests were 
discussed at several scoping meetings and were used to focus problem identification, OBMP goals, and 
the resulting OBMP scope of work.  

MANAGEMENT GOALS OF THE OBMP 

In June 1998, the stakeholders began the process of developing management goals for the OBMP that 
address the issues, needs, and interests of the producers.  The process involved the proposal of an initial 
set of goals followed by discussion and group editing at the bi-monthly meetings.   The initial set of goals 
of the OBMP is listed below. 

Goal No. 1 – Enhance Basin Water Supplies.  This goal applies not only to local groundwater, but also 
to all sources of water available for the enhancement of the Chino Groundwater Basin.  The following 
activities enhance basin water supplies: 

• Enhance recharge of storm water runoff.  Increasing the recharge of storm water in 
the Basin will increase the water supplies in the Chino Basin.  The relatively low 
TDS and nitrate concentrations of storm flow will improve groundwater quality. 

• Increase the recharge of recycled water.  The recharge of recycled water above that 
required for replenishment obligations can be used for safe yield augmentation and/or 
conjunctive use.  

• Develop new sources of supplemental water.  New sources of supplemental water, 
including surface and groundwater from other basins, can be used to meet Chino 
Basin area demands, reduce dependency on Metropolitan supplies, and improve 
drought reliability. 

• Promote the direct use of recycled water.  Promoting the direct use of recycled water 
for non-potable uses will make more native groundwater available for higher-priority 
beneficial uses. 

• Promote the treatment and use of contaminated groundwater.  Groundwater in some 
parts of the Basin is not produced because of groundwater contamination problems 
and thus the yield of the Basin may be reduced.  The yield of the Basin can be 
maintained and enhanced by the production and treatment of these contaminated 
waters. 
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• Reduce groundwater outflow.  Increasing groundwater production near the Santa Ana 
River will increase the streambed percolation of the Santa Ana River into the 
groundwater basin, and reduce groundwater outflow from the Basin and thereby 
increase the supply of groundwater in the Basin. 

• Re-determine safe yield.  Recent studies suggest that the safe yield may be greater 
than the 140,000 acre-ft as stated in the Judgment.  The activities listed above will 
cause the yield to increase further.  Continuing to operate the Basin at 140,000 acre-
ft/yr will cause groundwater in the Basin to be lost to the Santa Ana River.  The safe 
yield will be re-determined on an as needed basis to maximize the current yield and 
to cause future increases in yield  

Goal No. 2 – Protect and Enhance Water Quality.  This goal will be accomplished by implementing 
activities that capture and dispose of contaminated groundwater, treat contaminated groundwater for 
direct high-priority beneficial uses, and encourage better management of waste discharges that impact 
groundwater. The following activities will protect and enhance water quality: 

• Treat contaminated groundwater to meet beneficial uses.  Groundwater in some parts 
of the basins is not produced because of groundwater contamination problems.  
Groundwater quality can be protected by intercepting contaminants before they 
spread.  Intercepted groundwater could be treated and used directly for high priority 
beneficial uses or injected back to the aquifer. 

• Monitor and manage the Basin to reduce contaminants and to improve water quality.  
Actively assisting and coordinating with the Regional Board, the EPA, and other 
regulatory agencies in water quality management activities would help improve water 
quality in the Basin. 

• Manage salt accumulation through dilution or blending, and the export of salt. 
• Address problems posed by specific contaminants.   

Goal No. 3 – Enhance Management of the Basin.  This goal will be accomplished by implementing 
activities that will lead to optimal management of the Chino Basin. The following activities will protect 
and enhance management of the Basin: 

• Develop policies and procedures that will encourage stable, creative and fair water 
resources management in the Basin. 

• Optimize the use of local groundwater storage.  Policies and procedures for local 
storage, cyclic storage and other types of storage accounts will be created to 
maximize drought protection and improve water quality, and to create an efficient 
system to transfer water from producers with surplus water to producers that need 
water. 

• Develop and/or encourage production patterns, well fields, treatment and water 
transmission facilities and alternative water supply sources to ensure maximum and 
equitable availability of groundwater and to minimize land subsidence. 

• Develop conjunctive-use programs with others to optimize the use of the Chino Basin 
for in-basin producers and the people of California. 

Goal No. 4 – Equitably Finance the OBMP.  This goal is based on the following principles: 

• The primary source of revenue to finance the implementation will be the consumers 
of the Chino Basin groundwater. 
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•  The consumers in the Chino Basin must be treated equitably by passing the cost of 
the OBMP on a per acre-foot basis or by other methods, based on formulas to be 
determined. 

•  Financial incentives and disincentives will be established to assure that existing 
groundwater is pumped out of the Basin and a higher quality of water is used to 
replenish the Basin. 

•  Opportunities for creativity will be provided to the producers so that they are 
motivated to use their assets and abilities in the implementation of the OBMP. 

•  Recover value from utilization of storage of supplemental water and from rising 
water outflow.  

The Special Referee and her engineer reviewed these goals and provided direction to the stakeholders.  In 
particular, the Special Referee suggested that the goals and action items were too vague.   The goals and 
action items were refined and produced in a tabular format. The goals setting process concluded on 
November 26, 1998.  The final set of goals is listed in Table 3-8.  Table 3-8 lists each goal, the 
impediments to each goal, action items to surmount each impediment and achieve the goal, and the 
implication of the individual action items.  The stakeholders were asked to review the final set of goals 
and action items listed in Table 3-8 to make sure that their individual issues, needs, and interests were 
addressed by the management goals. The stakeholders concluded that the set of goals listed in Table 3-8 
addressed their needs and interests.  
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SECTION 4 
MANAGEMENT PLAN 

INTRODUCTION 

The Optimum Basin Management Program (OBMP) goals, impediments to the goals, action items to 
remove the impediments, and implications of the action items are summarized in Table 3-8. This section 
of the OBMP report describes the actions that, when implemented, will achieve the goals of the OBMP. 
Table 3-8 includes a column that cross-references the action items listed for each goal with OBMP 
program elements.  The program elements described herein include: 

• Program Element 1 – Develop and Implement Comprehensive Monitoring Program 
• Program Element 2 – Develop and Implement Comprehensive Recharge Program  

• Program Element 3 – Develop and Implement Water Supply Plan for the Impaired 
Areas of the Basin  

• Program Element 4 – Develop and Implement Comprehensive Groundwater 
Management Plan for Management Zone 1 

• Program Element 5 – Develop and Implement Regional Supplemental Water 
Program  

• Program Element 6 – Develop and Implement Cooperative Programs with the 
Regional Water Quality Control Board, Santa Ana Region (Regional Board) and 
Other Agencies to Improve Basin Management  

• Program Element 7 – Develop and Implement Salt Management Program 

• Program Element 8 – Develop and Implement Groundwater Storage Management 
Program 

• Program Element 9 – Develop and Implement Conjunctive-Use Programs 

The scope of the program elements was developed by the Chino Basin stakeholders.  Each program 
element contains a series of comprehensive actions and plans to implement those actions.  It is anticipated 
that a specific implementation program will be the result of Phase II of the OBMP development process.   
It will include the specific details of how the plan will be implemented and funded, and by whom. 
Implementation of all program elements is necessary to achieve the goals of the OBMP.  Because of 
overlap and synergies, some of the program elements were combined as they were developed.  The 
following program elements were combined: 3/5, 6/7, and 8/9.  The program elements are summarized in 
this section. Task Memorandums were prepared for each program element during development of the 
OBMP Phase I Report and are available from the Watermaster offices.  They describe each program 
element in detail and generally include: 

• need and function 
• description of program element actions 
• cost 
• implementation entities 

• implementation schedule for the short-term (first three years), mid-term (4th through 
10th years) and-long term (11th through 50th years) 
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The emphasis in this section is on a description of OBMP actions, schedule and cost.  The program 
element descriptions provide Watermaster and the Court with a means of comparing actions taken in 
OBMP implementation with progress in achieving the goals of the OBMP. 

PROGRAM ELEMENT 1 – DEVELOP AND IMPLEMENT COMPREHENSIVE MONITORING PROGRAM 

Need and Function 

Program Element 1 – Develop and Implement a Comprehensive Monitoring Program contains 
monitoring activities that are action items explicitly listed in Table 3-8 and provides information required 
by other program elements of the OBMP. 

The first impediment to Goal 1 – Enhance Basin Water Supplies can be stated as:  “Unless certain actions 
are taken, safe yield of the Basin will be reduced … due to groundwater outflow from the southern part of 
the Basin.”  This impediment speaks to the reduction in groundwater production in the southern part of 
the Basin as agricultural land is converted to urban uses, and to increase outflow as groundwater storage 
is increased due to other management activities.  The amount of safe yield lost due to these activities 
needs to be computed and used in the administration of the Judgment – otherwise the Basin will be 
overdrafted.  The re-determination of safe yield and estimation of losses from groundwater storage 
programs require comprehensive water level mapping across the Basin, analysis of water level time 
histories at wells, and accurate estimations of groundwater production.  The current groundwater level 
monitoring is not adequate.  The primary problems with the current groundwater level monitoring 
program include poor areal distribution of wells in the monitoring program, short time histories, 
questionable data quality, and insufficient resources to develop and conduct a comprehensive program.  
Groundwater production estimates from the agricultural pool rely on water duty methods for most of the 
producers and some producers do not provide the Chino Basin Watermaster (Watermaster) with 
information upon which production estimates can be made.  Rigorous groundwater level and production 
monitoring programs are described below. 

The first impediment to Goal 2 – Protect and Enhance Water Quality can be stated as: “Watermaster 
lacks comprehensive, long-term information on groundwater quality.” The primary uses of water quality 
information include, but are not limited to: 

• locate and characterize water quality challenges in the Basin and formulate corrective 
management plans; 

• provide an understanding of how the Basin works; 

• determine whether water quality produced by a well is suitable for the desired use 
(e.g., potable quality for potable use); and 

• design treatment systems to improve water quality to a level to meet a desired use. 

Currently, Watermaster obtains water quality data from all the appropriators for their active wells and 
from the Regional Board for wells monitored under their supervision (e.g., landfill monitoring and other 
special water quality investigations).  Watermaster has a limited groundwater quality monitoring program 
in the southern part of the Basin measuring general minerals and physical properties at about 60 wells.  
There is little historical or current water quality information for most of the 600 agricultural wells in the 
southern half of the Basin, for wells in the overlying non-agricultural pool, and for inactive appropriative 
pool wells. The water quality being produced at a majority of the wells in the Basin is unknown.   

A salt budget approach has been proposed as a management tool for the Basin.  The salt management 
steps included in Program Element 7 Develop and Implement Salt Management Program will be used by 
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the Watermaster and other stakeholders to reduce the rate of salt accumulation in the Basin.  Groundwater 
quality monitoring will be used to help assess the state of salt in the Basin in the future after the salt 
management plans are implemented. The direction and cost of future water management activities in the 
Basin depends on the water quality.  A comprehensive groundwater quality monitoring program is 
fundamental to management of the Basin. A rigorous groundwater quality monitoring program is 
described below.  

The fifth impediment to Goal 2 – Protect and Enhance Water Quality can be stated as: “The Basin is not 
using as much high quality storm water as it could for recharge.”  The first step in determining how much 
storm water recharge is occurring is to monitor the volume of inflow and outflow that is occurring at 
existing facilities, the amount of storm water that is available for recharge in the absence of recharge 
facilities, and to estimate the associated water quality. Characterizing the water quality of local and 
imported waters used for recharge in the Basin is necessary to protect water quality for beneficial uses, 
assess salt balance, design treatment processes to produce water of a quality suitable for intended uses, 
and to minimize the cost of recycled water recharge. Engineering investigations can utilize these data to 
design new facilities, and modify/operate existing facilities.   

Storage of water in the Basin for local or regional conjunctive use may cause outflow to the Santa Ana 
River and some of its tributaries in the Chino Basin to increase.  The water quality of this outflow may 
cause water quality deterioration in the Santa Ana River and require mitigation. Watermaster needs to 
develop a long-term database to assess losses from storage, and surface water impacts in the Santa Ana 
River and its Chino Basin tributaries from groundwater management activities. 

The second impediment to Goal 3 – Enhance Management of the Basin can be stated as: “Existing 
production patterns are not balanced, cause losses, can contribute to local subsidence, and water quality 
problems.”  The impediment speaks to a lack of local balance between groundwater recharge and 
production.  The lack of information on how groundwater moves in the Basin can lead to production and 
replenishment patterns that cause loss of yield and other problems as stated in the impediment.  
Groundwater level, groundwater quality, and accurate production estimates are necessary to define the 
groundwater flow systems and to implement equitable and cost-effective management plans. 

Monitoring Programs to Support Water Resources Management in the Chino Basin 

Groundwater Level Monitoring Program. Watermaster began a process to develop a comprehensive 
groundwater level monitoring program in the spring of 1998.  The process consists of two parts – an 
initial survey followed by long-term monitoring at a set of key wells.  The initial survey was to consist of 
collecting groundwater level data at all wells in the Basin from which groundwater level measurements 
can be obtained for spring 1998, fall 1998, spring 1999, and fall 1999.  Due to resource limitations at the 
Watermaster, the initial survey is partially complete and will not be completed until after fall 2001.   The 
data from the initial survey will be mapped and reviewed.  Based on this review and Watermaster 
management needs, a long-term monitoring program will be developed and implemented in the fall of 
2001. Watermaster staff will conduct this program with minimal outside assistance.  Watermaster staff 
expects that they will measure groundwater levels in the initial survey at about 400 wells in overlying 
agricultural pool and about 100 other wells from the other pools and unassigned monitoring wells.  The 
long-term monitoring program will use about half of the wells used in the initial survey plus all wells in 
the other pools and unassigned wells monitored under the direction of the Regional Board and others.  
Keys well located in agricultural areas will be replaced as necessary if the original well must be destroyed 
when the agricultural land surrounding the well is converted to other use. 
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Groundwater Quality Monitoring Program.  Watermaster will begin the development of a 
comprehensive water quality monitoring program in July 1999.  As with the groundwater level 
monitoring program, the water quality monitoring program will consist of an initial survey and a long-
term monitoring effort.  The initial survey will consist of: 

•  collection of all water quality data from appropriators’ wells that are tested by 
appropriators; 

•  collection of all water quality data from Regional Board for water quality monitoring 
efforts that are conducted under their supervision; and 

•  collection and analysis of at least one water quality sample at all (or a representative 
set of) other production wells in the Basin.  Assumed maximum number of wells 
sampled by Watermaster staff in the initial survey is 600. 

Re-sampling and analysis will be done at wells sampled by Watermaster if volatile organic compounds 
(VOCs) are detected.  These data will be mapped and reviewed.  Based on this review and Watermaster 
manageme nt goals in the OBMP, a long-term monitoring program will be developed and implemented in 
the fall of 2002. The long-term monitoring program will contain a minimum set of key wells that can be 
periodically monitored to assess water quality conditions in the Basin over time. Table 4-1 lists the 
analytes and the analytical costs for sampling 200 wells per year for three years (plus an estimated 10 
more wells for verification re-sampling). The average annual analytical cost is about $185,000 per year 
and totals about $555,000 if all wells were sampled.  Watermaster staff will be trained to obtain samples 
at these wells and will require a total of about 140 person-days per year.  Outside services will cost about 
$60,000 per year. Water quality data for all operable wells in the other pools will be provided by the well 
owners in those pools. 

Production Monitoring Program.  All wells that produce more than 10 acre-ft/yr will have in-line 
totalizing flow meters.  To accomplish this, about 600 agricultural wells will be equipped with in-line 
totalizing flow meters.  Production records from wells owned by appropriators and overlying non-
agricultural pool members will report quarterly as has been done in the past.  Watermaster staff will read 
the meters of wells owned by agricultural pool members at least once a year during the period of mid-
May through June. Watermaster staff will digitize all production records in Watermaster’s database and 
use this information in the administration of the Judgment. The cost of the installing in-line flow meters 
in the overlying agricultural pool is summarized in Table 4-2 and totals about $810,000.  It has been 
recommended by the overlying agricultural pool that Watermaster fund up to 50 percent of the cost, with 
the remaining funds coming from the individual producers. 

In addition to the above, all producers will provide Watermaster on an annual basis a water use and 
disposal survey form that describes the sources of water used by each producer and how that water is 
disposed after use.  The purpose of the form is to provide information to Watermaster that will enable 
accurate salt budget estimates as described in Program Element 6 – Develop and Implement Cooperative 
Programs with the Regional Board and Other Agencies to Improve Basin Management, and for other 
water resources management investigations that may be undertaken by Watermaster in the future as part 
of the OBMP.   

Surface Water Discharge and Quality Monitoring. The current program of measuring water quality at 
recharge basins should be expanded to all recharge and retention basins that contribute significant 
recharge to the Basin.  Water level sensors will be installed in all recharge and retention basins that 
contribute significant recharge to the Chino Basin.  These facilities were listed in Table 3 of the Program 
Element 2 – Develop and Implement a Comprehensive Recharge Program draft memorandum and are 
reproduced here in Table 4-3.  A total of 16 new water-level sensors will be required at a total cost of 
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$192,000.  Water level data acquisition and water quality sampling will be done by Watermaster staff.  
The annual cost of laboratory analysis and interpretation of water level and water quality data is about 
$45,000.  

Watermaster needs to assess the existing surface water discharge and associated water quality monitoring 
programs for the Santa Ana River and its Chino Basin tributaries to determine the adequacy of the 
existing monitoring programs for characterizing historical ambient conditions and their utility in detecting 
water quality impacts from future Chino Basin management activities.  If necessary, Watermaster could 
contract with the agencies conducting these programs to modify their programs to accommodate 
Watermaster.  Ideally, a cooperative program involving all the interested agencies could be developed at a 
reduced cost for all.  The cost of the initial assessment of surface water data for the Santa Ana River is 
about $15,000. 

Ground Level Monitoring Program.  Ground level surveys are proposed herein as an offshoot of the 
subsidence issues in Management Zone 1.  The stakeholders are interested in determining if and how 
much subsidence has occurred in the Basin.  Watermaster will conduct an analysis of historical ground 
level survey and remote sensing data to make this determination.  The analysis consists of the following 
tasks: 

• Historical survey data collected and/or on file by federal, state, and local agencies 
will be compiled, mapped, and reviewed to estimate total subsidence for as long a 
period as possible.  Estimated cost to complete this review is about $15,000.   

• Synthetic aperture radar (SAR) imagery will be used to assess the time history of 
subsidence in the Basin for the period 1993 though 1999.  Estimated cost to develop 
this time history is about $20,000.  It should be noted that the City of Chino has 
already conducted a similar investigation for most of the Basin and that the effort 
described herein is to expand on the work already done by the City. 

• Based on the above information, a network of ground elevation stations in 
subsidence-prone areas will be developed and periodic surveys of these stations will 
be done.  The frequency of periodic surveys will be established for the Basin as a 
whole with more frequent surveys done for some areas of the Basin.  The estimated 
cost of this effort is not certain. It should be noted that the City of Chino has already 
conducted a similar survey within the City of Chino and that the effort described 
herein is to expand on the surveys done by the City to the entire Basin. 

These tasks can be accomplished in the first year. 

Well Construction, Abandonment and Destruction Monitoring.  Watermaster maintains a database on 
wells in the Basin and Watermaster staff makes frequent well inspections. Watermaster sometimes finds a 
new well during routine well inspections. The near-term frequency of inspection is expected to increase 
due to the groundwater level, quality and production monitoring programs.  Watermaster needs to know 
when new wells are constructed as part of its administration of the Judgment. Valuable information for 
use in managing the Chino Basin is usually developed when wells are constructed including: well design, 
lithologic and geophysical logs, groundwater level and quality data, and aquifer stress test data.  
Producers generally notify Watermaster when they construct a new well but seldom, if ever, provide the 
information listed above.  Watermaster has not generally asked for these data.  Well owners must obtain 
permits from the appropriate county and state agencies to drill a well and to put the well in use.  
Watermaster will develop cooperative agreements with the counties of Los Angeles, Orange, Riverside, 
and San Bernardino, and the California Department of Health Services (DHS) to ensure that the 
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appropriate entities know that a new well has been constructed.  Watermaster staff will obtain well 
design, lithologic and geophysical logs, groundwater level and quality data, and aquifer stress test data. 

The presence of abandoned wells is a threat to groundwater supply and a physical hazard.  Watermaster 
staff will review its database, make appropriate inspections, consult with well owners, and compile a list 
of abandoned wells in the Chino Basin.  The owners of the abandoned wells will be requested to properly 
destroy their wells following the ordinances developed by the county in which the abandoned well is 
located.  Watermaster staff will update its list of abandoned wells annually and provide this list to the 
counties for follow-up and enforcement. 

Cooperative Efforts with Appropriate Agencies to Implement Program 

Groundwater Level Monitoring. Watermaster will develop a groundwater level measurement protocol 
for use by all cooperating entities.  Groundwater levels will be obtained by the following entities: 

• Overlying Agricultural Pool – Watermaster staff 
• Overlying Non-agricultural Pool – pool member or Watermaster staff  
• Appropriative Pool – pool member or Watermaster staff  
• Other wells – Watermaster staff will obtain data from Regional Board or owners. 

Groundwater Quality Monitoring. Watermaster will develop groundwater sampling and analysis 
protocols for use by all cooperating entities. Groundwater quality analyses will be obtained by the 
following entities: 

• Overlying Agricultural Pool – Watermaster staff 
• Overlying Non-agricultural Pool – pool member  
• Appropriative Pool – pool member   
• Other wells – Watermaster staff will obtain data from Regional Board or owners. 

Proposed Production Monitoring Program. Watermaster will develop and implement an in-line meter 
installation program for the overlying agricultural pool.  The installation program will take place over a 
three-year period starting in Watermaster fiscal year 1999/00.  Groundwater production estimates and 
water use and disposal survey forms will be obtained by the following entities: 

• Overlying Agricultural Pool – Watermaster will read meters and producers will 
prepare and submit water use and disposal survey forms 

• Overlying Non-agricultural Pool – pool member will read the meters and prepare and 
submit the water use and disposal survey forms 

• Appropriative Pool – pool member will read the meters and will prepare and submit 
the water use and disposal survey forms. 

Surface Water Discharge and Water Quality Program.  Watermaster will take the lead in completing 
the following activities:   

• Chino Basin Water Conservation District (Conservation District) and Watermaster 
will jointly install water level sensors in all existing recharge and retention facilities 
that have potential for storm water recharge. 

• Watermaster staff will obtain grab samples approximately every two weeks for all 
basins during the rainy season and have these samples analyzed. 
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• Watermaster will review the surface water discharge and associated water quality 
monitoring programs for the Santa Ana River and the lower Chino Basin tributaries, 
and compare what is available from these programs to what is needed for 
Watermaster investigations under the OBMP.   

Ground Level Survey.  Watermaster will conduct the analysis to estimate historical subsidence and to 
monitor future subsidence in the Chino Basin.  

Monitoring of Well Construction, Abandonment and Destruction.  Watermaster will take the lead in 
completing the following activities: 

• Develop agreements with county and state agencies to notify each other regarding 
construction of new wells and to obtain construction related information.   

• Watermaster staff will prepare a list of abandoned wells and request the owners of 
abandoned wells to properly destroy their wells. 

The counties will follow-up to ensure that abandoned wells within their jurisdiction are properly 
destroyed. 

Implementation Actions and Schedule 

First Three Years (1999/00 to 2001/02).  The following actions will be completed in the first three years 
commencing fiscal year 1999/00: 

• Complete initial survey for the groundwater level program. 
• Complete initial survey for groundwater quality program. 
• Complete meter installation program for overlying agricultural pool. 
• Complete ground level survey. 
• Complete installation of water level sensors in recharge and retention facilities. 
• Complete Santa Ana River surface water monitoring adequacy analysis.  
• Start and continue surface water discharge and quality monitoring at recharge and 

retention facilities. 
• Develop agreements with county and state agencies regarding notification of new 

well drilling. 
• Well construction and related information will be requested as new wells are 

identified. 
• A list of abandoned wells will be developed annually and the owners will be 

requested to properly destroy their abandoned wells. 

Years Four to Ten (2002/03 to 2010/11).  The following actions will be completed in years four through 
ten, commencing fiscal year 2002/03: 

• Start and continue long-term groundwater level monitoring program, cause key wells 
to be relocated as necessary. 

• Start and continue long-term groundwater quality monitoring program, cause key 
wells to be relocated as necessary. 

• Continue production monitoring. 
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•  Conduct remote sensing analysis using synthetic aperture radar or other techniques at 
least every ten years (2010/11) or sooner, if necessary. 

•  Participate, as necessary, in the Santa Ana River surface water monitoring. 

•  Continue surface water discharge and quality monitoring at recharge and retention 
facilities. 

•  Well construction and related information will be requested as new wells are 
identified. 

•  A list of abandoned wells will be developed annually and the owners will be 
requested to properly destroy their abandoned wells. 

Years Eleven to Fifty (2011/12 to 2050/51).  The following actions will be completed in years eleven to 
fifty, commencing fiscal year 2011/12: 

•  Continue long-term groundwater level monitoring program, cause key wells to be 
relocated as necessary. 

•  Continue long-term groundwater quality monitoring program, cause key wells to be 
relocated as necessary. 

•  Continue production monitoring. 
•  Conduct remote sensing analysis using synthetic aperture radar or other technique at 

least every ten years (2020/21, 2030/31, 2040/41, 2050/51) or sooner, if necessary. 
•  Participate as necessary in the Santa Ana River surface water monitoring. 
•  Continue surface water discharge and quality monitoring at recharge and retention 

facilities. 
•  Well construction related information will be requested as new wells are identified. 
•  A list of abandoned wells will be developed annually and the owners will be 

requested to properly destroy their abandoned wells. 

PROGRAM ELEMENT 2 -- DEVELOP AND IMPLEMENT COMPREHENSIVE RECHARGE PROGRAM 

Need and Function of the Program Element 

The need for a comprehensive recharge program was described in the introduction to the Final Report for 
Phase 1 of the Chino Basin Recharge Master Plan (Wildermuth, 1998). Program Element 2 -- Develop 
and Implement Comprehensive Recharge Program contains action items explicitly listed in Table 3-8. 

The first impediment to Goal 1 – Enhance Basin Water Supplies can be stated as:  “Unless certain actions 
are taken, safe yield of the Basin will be reduced … due to groundwater outflow from the southern part of 
the Basin” speaks to poorly planned recharge where recharge of storm water and recycled water could be 
placed too low in the Basin to be recovered.  Some recycled water projects that are currently being 
planned will increase recharge when groundwater production downgradient of these proposed recharge 
projects is decreasing.  The result will be increased outflow to the Santa Ana River and no yield 
improvement.  A comprehensive program must ensure that the locations of recharge and production are 
such that yield is maximized. 

The second impediment to Goal 1 – Enhance Basin Water Supplies and the fifth impediment to Goal 2 – 
Protect and Enhance Groundwater Quality can be stated as:  “The Basin is not using as much high 
quality storm water as it could for recharge.” At the time the Chino Judgment was adopted (1978), about 
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41 percent of the safe yield was estimated to come from irrigation returns.  Since that time, irrigated 
agriculture has declined and is projected to be almost completely converted to urban uses by 2020.  This 
will result in a decline of irrigation returns to groundwater and a potential decrease in the safe yield.  San 
Bernardino County, Riverside County, and the US Army Corps of Engineers (USACE) have constructed 
flood control projects that efficiently capture and convey storm flow to the Santa Ana River, effectively 
eliminating the groundwater recharge that formerly took place in the stream channels and flood plains in 
the Chino Basin.  In most cases, no provisions were made to mitigate the loss of recharge from flood 
control projects.  Also, there have been no mitigation efforts to preserve recharge when land use is 
converted from native and agricultural uses to urban uses.  Thus, the safe yield may have decreased in the 
Chino Basin due to land use changes and flood control improvements.  Water harvesting opportunities 
exist that can be used to offset the yield lost to urbanization and flood control improvements.  Water 
harvesting consists of capturing and recharging new storm flow caused by urbanization.  Most of the 
precipitation falling on undeveloped land or land in agricultural uses is lost to evapotranspiration.  Storm 
flow increases dramatically with urbanization due to an increase in impervious land cover, decrease in 
evapotranspiration of rainfall, and construction of drainage improvements.  The potential yield from this 
additional storm flow is numerically equal to the increase in storm flow that occurs when the land is 
converted to urban uses.  The actual yield is equal to the additional rainfall-storm flow that is captured 
and put to beneficial use.  In the Chino Basin, the best and least expensive way to put this new water to 
beneficial use is groundwater recharge. 

Increasing the yield of the Chino Basin by increased capture of storm flow will improve ambient water 
quality and increase the assimilative capacity of the Chino Basin.  Increasing the capture of storm flow 
will reduce the cost of mitigation requirements for recharge of recycled water.  The Basin Plan assumes 
that a certain average annual quantity of storm flow will be recharged each year.  The volume of recycled 
water that can be used in the Basin, without total dissolved solids (TDS) mitigation, is numerically-tied to 
the average annual quantity of storm flow that recharges the Basin.  A decrease in the recharge of storm 
flow will result in a decrease in the volume of recycled water that will be permitted in the Basin without 
TDS mitigation.  Likewise, an increase in the recharge of storm flow will result in an increase in the 
volume of recycled water that will be permitted in the Basin without TDS mitigation.  Therefore, the 
volume of storm flow recharge from storm flow has a dramatic impact on the future and cost of recycled 
water recharge. 

The annual replenishment obligation will grow from about 30,000 to 55,000 acre-feet per year (acre-ft/yr) 
over the next 20 to 30 years.  Watermaster has access to spreading facilities with a current capacity of 
about 29,000 acre-ft/yr when imported water from Metropolitan is available.  Assuming replenishment 
water is available seven out of ten years, the average annual recharge capacity of recharge facilities 
available to Watermaster is about 20,000 acre-ft year.  The in-lieu recharge potential for the Chino Basin 
is about 57,000 acre-ft/yr and will remain constant over the next 20 to 30 years based on the water supply 
plan included in this OBMP. Assuming in-lieu replenishment water is available seven out of ten years, the 
average annual in-lieu recharge capacity available to Watermaster is about 40,000 acre-ft year.  The 
replenishment obligation, available recharge capacity over the next 20 years is (acre-ft/yr): 

 

 
Year 

 
Replenishment 

 
--------------Recharge Capacity-------------- 

Surplus 
Recharge 

 Obligation Physical In-Lieu Total Capacity 
      

2000 31,000 20,000 40,000 60,000 29,000 
2020 55,000 20,000 40,000 60,000 5,000 
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The surplus recharge capacity could be used up quickly by future replenishment needs and 
implementation of conjunctive-use programs.  A modest conjunctive use program consisting of an 
annually occurring seasonal shift of imported demands and a dry year yield component that would use up 
150,000 acre-ft of storage will require about 46,000 acre-ft of recharge capacity. New recharge capacity is 
needed immediately for even a modest conjunctive-use program.  The availability of in-lieu recharge 
capacity listed above is not a certainty.  In the present mode of basin management, in-lieu recharge 
capacity is available on an ad hoc basis and requires the cooperation of water supply agencies that have 
access to supplemental water.  Watermaster needs to obtain enough recharge capacity to meet its 
replenishment obligations for ultimate demands on the Chino Basin.  The safest and most conservative 
way to ensure that recharge capacity will be available is for Watermaster to develop new recharge 
capacity that will meet ultimate replenishment obligations. For an average annual recharge capacity of 
55,000 acre-ft/yr, Watermaster will need an annual recharge capacity of about 80,000 acre-ft/yr 
(80,000~55,000/0.7).  The new recharge capacity by management zone for the year 2020 is estimated to 
be about: 

 
 Management Zone 1 18,000 acre-ft/yr 
 Management Zone 2 and 3 34,000 acre-ft/yr 
 Total 52,000 acre-ft/yr 
 
The allocation of recharge capacity to management zones is based on balancing recharge and production 
in each management zone with the year 2020 production pattern described in Program Elements 3 and 5.  
Figure 4-1 shows the existing spreading and storm water retention basins in the Chino Basin.  Figure 4-1 
also shows the preferred area, based on current knowledge, for new recharge basins in Management Zone 
2 and 3.  The preferred recharge area is rapidly developing. It is unlikely that Watermaster will be able to 
purchase lands already in urban use and construct new basins. Therefore, Watermaster needs to obtain 
new recharge sites in the preferred area immediately.  Recharge capacity in Management Zone 1 can be 
obtained by expanding recharge capacity at the Montclair Basins, improving the Upland and Brooks 
Basins, and through groundwater injection.  During Phase II of the OBMP, Watermaster will develop an 
implementation plan to secure a total physical recharge capacity of about 80,000 acre-ft/yr with recharge 
facilities sized and located that will balance the production and recharge.  

Past Efforts by Watermaster and the Conservation District 

The Conservation District and the Watermaster completed phase 1 of a three-phase work plan to improve 
recharge and establish a long-range recharge master plan for the Chino Basin.  The three phases consist 
of: 

Phase 1 - Initial Screening and Assessment.  Conduct an assessment of how much storm 
flow is currently recharged and how much additional recharge could occur at new and 
existing spreading basin sites.  From this assessment a list of promising spreading basins 
will be developed. Research questions will be developed for the promising sites and a 
detailed scope of work will be developed for Phase 2.  Phase 1 was completed in January 
1998 and is summarized below. 

Phase 2 - Engineering Assessments of Promising Sites.  Site-specific investigations, 
percolation rate monitoring and the preparation of cost estimates for developing and 
managing these basins will be developed in this phase.  The institutional issues regarding 
ownership of facilities, management of non-Conservation District-owned facilities, 
disposition of water recharged, and Basin Plan modifications will be identified.  
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Principles of agreement will be developed that describe the institutional issues and means 
to resolve these issues through agreements.  A list of recharge projects will be identified 
and prioritized based on need and cost effectiveness. A detailed scope of work will be 
developed for Phase 3. 

Phase 3 - Develop an Implementation Plan.  A plan to develop and manage spreading 
basins will be prepared.  The plan will include existing and new basins and a schedule for 
spreading basin improvements based on developing recharge capacity to match need for 
increased groundwater yield at minimum cost. 

The Phase 1 effort was completed in January 1998.  The objective of the Phase 1 analysis of the Recharge 
Master Plan was to determine the potential for artificial recharge given the resources in the Chino Basin.  
This was accomplished through data collection, research, and a massive computational and engineering 
assessment.  Existing storm water recharge in the Chino Basin was estimated to be about 12,000 acre-
ft/yr.  This 12,000 acre-ft is part of the existing safe yield.  The potential storm water recharge was 
estimated to range from about 25,000 to 30,000 acre-ft/yr given proper routine maintenance at existing 
and then-current planned facilities.  Subsequent investigations by the Conservation District suggest that 
the potential recharge is lower.  Incorporating the Conservation District’s recent work, the potential range 
is probably around 12,000 to 22,000 acre-ft/yr.  Table 4-4 lists the existing flood control/spreading basins 
and annual average recharge estimates based on updated Phase 1 modeling results.  Most basins are not 
maintained to optimize recharge and there is little quantitative information on basin conditions or current 
recharge performance.  Recharge of storm flows at existing basins could reach about 28,000 acre-ft/yr 
under ultimate land use conditions. The investigation also showed that it was economical to construct 
recharge facilities in areas with low percolation rates (<0.25 ft/day) if the facilities were part of a flood 
retention project. The potential recharge capacity and cost for recharge of imported and recycled water 
were developed.  Operational plans that specify the amount and scheduling of imported water and 
recycled water recharge were developed.  About 17,000 acre-ft/yr of recycled water recharge capacity 
was developed.  The potential for imported water recharge ranges from about 100,000 acre-ft/yr to 
135,000 acre-ft/yr at existing basins and one new large facility. Based on the work done for Program 
Elements 3 and 5 of the OBMP, the imported water recharge capacity needs to be expanded from its 
current capacity of 29,000 acre-ft/yr to about 80,000 acre-ft/yr to accommodate Watermaster 
replenishment activities. 

Phase 2 Scope of Work for Hydrogeologic and Engineering Investigations 

The Phase 2 work, as recommended in the Phase 1 report, was not formally started.  Phase 2 consists of 
eight tasks.   

Task 1 Conduct Reconnaissance Analysis to Identify Existing Recharge Basins and Potential New 
Recharge Sites.  The purpose of this task is to develop a list of existing basins that can be used to recharge 
storm water, recycled water and imported water; and to identify areas for new recharge facilities.  Based 
on the results of this task, some existing basins and new sites with potential for recharge by spreading and 
injection will be studied in detail in subsequent tasks and others with little potential recharge will either 
be studied later or not considered as recharge sites.  This task consists of the following subtasks: 

1.1 Meeting(s) with San Bernardino County Flood Control District (SBCFCD), 
Riverside County Flood Control and Water Conservation District (RCFCWCD), 
Los Angeles County Public Works Department (LACPWD) (collectively, the 
flood control agencies), the USACE, the Conservation District and the 
Watermaster.  The purpose of these meetings is to discuss the use of existing 
flood control/recharge basins, recharge potential of these basins, past 
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investigations, future flood control plans that could in include recharge, and 
institutional impediments to storm water recharge.  

1.2 Meetings with planning agencies and the flood control agencies to inform these 
agencies of the need to set aside open space for recharge and to locate suitable 
areas for future recharge sites; to seek their cooperation in obtaining such lands, 
and to develop incentive programs to set aside land for recharge.  A permanent 
basin-wide water conservation planning committee chaired by the Watermaster 
will be formed to facilitate the process of building and maintaining recharge 
facilities. 

1.3 Develop a financing concept to provide capital for the improvement of existing 
facilities, construction of new facilities, operations and maintenance, and to 
mitigate adverse impacts of new spreading basins. 

1.4 Review new hydrogeologic and facilities information that became available after 
completion of the Phase 1 analysis. 

1.5 Evaluate Phase 1 computer simulation results to determine the location and 
magnitude of storm flow that is not being captured at existing facilities and that 
could be captured and recharged in either new facilities or from improved 
operations at existing facilities.  

1.6 Develop a list of existing and proposed recharge facilities that merit detailed 
investigation. The priority list should be based on management issues (e.g., 
subsidence and water quality), cost effectiveness, and for existing facilities, the 
availability of the facilities for recharge.   

1.7 Conduct reconnaissance level feasibility investigation of using injection wells for 
recharge in Management Zone 1.  The purpose of this recharge will be to 
increase the piezometric levels, reduce future subsidence, and improve water 
quality. 

Task 2 Preliminary Assessment of the Capture of New Recharge.  The objective of this task is to estimate 
the fate of artificial recharge.  That is, to estimate the recharge benefits, areas of potential high 
groundwater, and losses to the Santa Ana River. The scenarios to be tested include recharge scenarios 
developed in the Phase 1 analysis (modified based on the results of Conservation District investigations 
and the results of Task 1). The Rapid Assessment Model (RAM) Tool, currently under development by the 
Watermaster, or Chino Integrated Groundwater Surface Water Model (CIGSM) are two models that could 
be used to make this assessment.  It is not likely that the CIGSM would be used due to the time and 
expense to make it ready for use (see Program Elements 6 and 7 later in this section).  

Task 3 Conduct Field Program.  The purpose of this task is to develop fundamental information that can 
be used to assess the recharge potential of some existing and proposed basins, and to develop design 
information for new basins. The field program recommended for Phase 2 includes: 

• obtaining and interpreting continuous cores for the upper 50 feet of sediment in 
existing facilities and the upper 100 feet of sediments from areas adjacent to existing 
and proposed basins; 

• trenching to observe and interpret the near surface soil profiles; 
• gradation tests of materials obtained from the trenches; and 
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•  the installation of water level sensors identical to what Conservation District has 
installed in some of their basins. 

Water level data will be collected at basins that are equipped with water level sensors.  These data will be 
interpreted to produce percolation rates at each basin.  The percolation rates will be correlated to soil 
properties and subsurface conditions to determine what is controlling recharge at a specific facility and to 
develop general design guidelines for the Chino Basin area. The field program is summarized in Table 4-
5 covers 16 existing basins and up to three new surface water recharge facilities. Table 4-5 includes a cost 
estimate for this field program.  Field programs for injection tests in Management Zone 1 will be 
developed in the work done in Program Element 4 – Develop and Implement Comprehensive 
Groundwater Management Plan for Management Zone 1. 

Task 4 Develop Principles of Agreement.  This task involves developing principles of agreement between 
SBCFCD, RCFCWCD, USACE, the Conservation District, and the Watermaster regarding the operation 
of existing and proposed storm flow management facilities.  The goals of the principles are to maintain 
flood protection and maximize recharge.  This work will involve the preparation of draft principles and 
many meetings.  New technical information will need to be developed on an ad hoc basis in response to 
technical issues that will be involved in the principles.  A set of principles will be developed with the 
Regional Board regarding TDS and nitrogen offset credits for recharge of recycled water. 

Task 5 Develop Preliminary Operating Plans and Designs.  Preliminary operating plans and facility 
improvements will be developed for all (new and proposed) recharge basins in the Chino Basin based on 
the results of Tasks 1 through 4.  Preliminary capital and operating cost estimates will be developed. 

Task 6 Estimate the Average Annual Recharge for Each Basin.  Given the results of Tasks 1 through 5, 
the input data for the computer simulation models used in Phase 1 will be updated.  The simulation 
models will be used to estimate the average annual recharge in each recharge basin.  Estimates of 
imported water and recycled water recharge capacity will be updated.  The priority list developed in Task 
1 will be updated based on the results of this task. 

Task 7 Develop Early Action Plan and Scope of Work for Phase 3.  Given the results of Tasks 1 through 
6, an early action plan and scope of work for Phase 3 will be developed.  The early action plan, will 
include a list of high priority recharge projects that can be implemented with minimal additional analyses, 
and a list of lower priority projects that will require longer lead times to implement.  These projects may 
include operating existing facilities to increase recharge, other non-controversial modifications to existing 
facilities, and construction of new recharge facilities. The scope of work will contain engineering design, 
environmental assessment and processing, and financing tasks.  The scope of work will contain parallel 
tracks for the early action plan and the lower priority projects. 

Task 8 Prepare Report.  Technical memoranda will be prepared for Tasks 1 through 7.  A final summary 
report will be prepared incorporating the task memoranda and a scope of work for Phase 3. 

Cooperative Efforts with Appropriate Agencies to Implement Program 

There are two fundamental levels of implementation appropriate for the comprehensive recharge 
program: one to develop the program, and one to construct, manage and operate the program.  For 
development of the program, the implementing agencies include:  

• the Watermaster, representing the producers who will benefit from the recharge and 
who will pay the cost of the plan development and implementation;  
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• the Conservation District, the flood control agencies, and the USACE who own the 
existing facilities and who (for the flood control agencies) will benefit from reduced 
flood control costs and improved storm water quality in the Santa Ana River and its 
tributaries; 

• the planning agencies whose cooperation will be necessary to site new recharge 
facilities within their service areas; Inland Empire Utilities Agency (IEUA), Three 
Valleys Municipal Water District (TVMWD), and Western Municipal Water District 
(WMWD) as the provider of imported and recycled water for recharge; and 
producers that will utilize their own facilities for groundwater injection.   

Watermaster will develop the recharge program for the Basin in the first four years of OBMP 
implementation.  Watermaster will enter in to agreements with cooperative entities to implement the 
recharge program.  Potential cooperative entities include Conservation District, the flood control 
agencies, USACE, Metropolitan Water District of Southern California (MWDSC), IEUA, TVMWD, and 
WMWD.  These contracts will include specific performance goals and schedule.  Watermaster will 
monitor these contracts very closely.  If the cooperative entities fail to perform according to the terms of 
their contract, then Watermaster will terminate the agreements and either enter into an agreement with 
another cooperative entity or implement the program itself.    

Implementation Actions and Schedule  

First Three Years (1999/00 to 2001/02).  The following actions will be completed in the first three years 
commencing fiscal year 1999/00: 

• The Phase 2 scope of work should be completed within the first three years.   

• Based on the results of the Phase 2 work, a list of high priority and low priority 
recharge projects will be identified.  An action plan will be developed to implement 
the high priority projects as soon as possible and to implement the low priority 
projects as resources will allow.   

• Task 1.1 and 1.2 should begin immediately, prior to the OBMP being submitted to 
the Court for approval.   

• Watermaster advisory committee should form an ad hoc committee to start the 
coordination process and formalize the permanent basin-wide water conservation 
planning committee.  Task 1.5 should also begin immediately. 

• In year three, all high priority projects that involve re-operation of existing 
recharge/flood control facilities should be implemented, and Phase 3 should be 
started.   

• Watermaster should begin the process of acquiring new recharge sites and easements 
identified in the Phase 2 and 3. 

Years Four to Ten (2002/03 to 2010/11).  The following actions will be completed in years four through 
ten, commencing fiscal year 2002/03: 

Years four and five 

• Complete Phase 3. 

• Implement all high priority projects that involve construction and re-operation at 
existing facilities. 
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•  Watermaster should continue the process of acquiring new recharge sites and 
easements identified in the Phase 2 and 3.  By year five, recharge sites should have 
acquired to recharge at least 55,000 acre-ft/yr. 

•  Update the comprehensive recharge program in year 5. 

Years five to ten 

•  Implement all high priority projects that involve the construction of new recharge 
facilities. 

•  Update the comprehensive recharge program in year 10. 

Years Eleven to Fifty (2011/12 to 2050/51).  The following actions will be completed in years eleven to 
fifty, commencing fiscal year 2011/12: 

•  Implement all other recharge projects based on need and available resources. 
•  Update the comprehensive recharge program every five years. 

PROGRAM ELEMENT 3 – DEVELOP AND IMPLEMENT WATER SUPPLY PLAN FOR THE IMPAIRED 
AREAS OF THE BASIN  

PROGRAM ELEMENT 5 – DEVELOP AND IMPLEMENT REGIONAL SUPPLEMENTAL WATER PROGRAM 

Need and Function of the Program Elements 

These program elements serve the OBMP goals listed in Table 3-8.  The specific goals, impediments and 
action items are described below. 

The first impediment in Goal 1 – Enhance Basin Water Supplies can be stated as:  “Unless certain actions 
are taken, safe yield of the Basin will be reduced due to outflow from the southern part of the Basin.”  
The fourth impediment in Goal 2 – Protect and Enhance Water Quality can be stated as:  “Poor ambient 
groundwater quality limits direct use of groundwater and can lead to loss of Basin yield.” Most of the 
agricultural land use in the southern part of the Basin will convert to urban uses over the next 20 to 30 
years. Groundwater from the southern part of the Basin will have to be treated prior to use for these new 
land uses. Groundwater outflow to the Santa Ana River will occur if the decrease in agricultural 
groundwater production in the southern part of the Basin is not matched by an increase in municipal 
groundwater production in the same area. The increase in outflow will result in a decrease in safe yield 
that will reduce the initial rights of the producers in appropriative pool by about 74 percent.  The increase 
in groundwater outflow to the Santa Ana River will cause an increase in river discharge and a degradation 
of water quality in the river.  Currently, agricultural production in the southern part of the Basin is 
estimated using primarily water duty methods to be about 40,000 acre-ft/yr.  Annual estimates of 
agricultural production are expected to be larger after in-line meters are in place.  If the current level of 
groundwater production in the southern part of the Basin were to cease, the rising water discharge to the 
Santa Ana River could increase by approximately the numerical equivalent of the current production – 
about 40,000 acre-ft/yr. This new discharge would have an associated TDS concentration of about 1,300 
milligrams per liter (mg/L) (almost twice the basin plan objective of 740 mg/L and 2.5 times the 
secondary drinking water MCL of 500 mg/L) and a nitrogen concentration of 30 mg/L-N (three times the 
basin plan objective of 10 mg/L-N and primary drinking water MCL of 10 mg/L-N).  The Santa Ana 
River downstream of the Chino Basin is the primary drinking water supply for most of Orange County.  
Therefore, Santa Ana River water quality impacts caused by not producing Chino Basin groundwater will 
adversely affect the municipal water supplies in Orange County.  The Regional Board has indicated that 
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any adverse impacts to the Santa Ana River water quality associated with increased outflows from Chino 
Basin groundwater will have to be completely mitigated – presumably by desalting recycled water 
discharges to the Santa Ana River. 

The third impediment in Goal 1 – Enhance Basin Water Supplies can be stated as:  “Because there is a 
lack of assimilative capacity for total dissolved solids and nitrogen in the Chino Basin, there are economic 
limitations on the recharge of recycled water.”  Most of the recycled water produced in the Basin is 
exported out of the Basin because of either lack of demand for direct use or economic limitations caused 
by the lack of assimilative capacity in the Chino Basin.  The TDS and nitrogen objectives in the Santa 
Ana Watershed are under rigorous review and new water quality objectives and water recycling 
guidelines should be implemented in the next few years. Recharge of recycled water could be used to 
replenish over-production, supplement the yield of the Basin, and lower the demand for imported water 
from the Sacramento Delta.  There are three treatment options that that can be used to enable the recharge 
of recycled water: desalting recycled water prior to recharge, desalting groundwater to offset the salt load 
in the recycled water, and blending recycled water with low TDS imported and/or storm waters. 

The fourth impediment in Goal 1 – Enhance Basin Water Supplies can be stated as:  “Because future 
demands are increasing and there are limitations on basin and traditional supplies, new sources of 
supplemental water need to be developed.”  Alternatives to the use of imported water from MWDSC need 
to be developed to meet future demands, improve reliability and minimize cost of supplies.  The new 
supplies include recycled water, groundwater from adjacent basins, Santa Ana River water and other 
waters as can be identified and conveyed to the Chino Basin. 

The third impediment in Goal 2 – Protect and Enhance Water Quality can be stated as:  “There is 
ongoing legacy contamination in the vadose zone with TDS and nitrogen from agriculture.”  The vadose 
zone that underlies areas that were or are currently in agricultural use is likely to be degraded with TDS 
and nitrogen.  The vadose zone will contribute to future TDS and nitrogen degradation of the saturated 
zone.  The primary areas of concern are the areas that were formerly in citrus in the northern part of the 
Basin and the entire southern half of the Basin.  There are two significant implications of legacy 
contamination in vadose zone: groundwater degradation from TDS and nitrogen will continue into the 
future long after the agriculture has left – even if extraordinary efforts are used to clean up degraded 
groundwater; and, groundwater treatment ranging from blending to desalting will be necessary far into the 
future to put the degraded groundwater to beneficial use. 

There are other goals and impediments to goals that are listed for these program elements, but they are 
somewhat redundant with those listed above and are not described herein.  Fundamentally, the goal of 
Program Elements 3 and 5 is to develop a regional, long range, cost-effective, equitable, water supply 
plan for producers in the Chino Basin that incorporates sound basin management. The water supply plan 
developed during Phase II of the OBMP process will include:  

• a cost-effective plan to maximize the beneficial use of Chino Basin groundwater and 
the safe yield. 

• a program to reliably meet the long-term water supply needs of area purveyors. 
• an implementation program. 

Water Demand Planning Assumptions  

The planning assumptions and basic data used to develop and evaluate water supply plans are described 
below.   
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Available Water Supply from the Impaired Area.  As urbanization of the agricultural areas of San 
Bernardino and Riverside counties in the southern half of the Basin occurs, the agricultural water 
demands will decrease and urban water demands will increase significantly.  Future development in these 
areas is expected to be a combination of urban uses (residential, commercial, and industrial).  The cities of 
Chino, Chino Hills, and Ontario, and the Jurupa Community Services District (JCSD) are expected to 
experience significant new demand as these purveyors begin serving urban customers in the former 
agricultural area.  For planning purposes, the agricultural area is assumed to be fully developed by the 
year 2020.   

Based on current estimates of overlying agricultural pool production, it is expected that at least 40,000 
acre-ft/yr of groundwater will need to produced in the southern part of the Basin to maintain the safe 
yield.  Actual replacement groundwater production required could be far greater than 40,000 acre-ft/yr if 
current agricultural production is greater than reported to Watermaster.  Recall in the Section 2 discussion 
on Chino Basin production, that there was a difference in the agricultural production reported to 
Watermaster (based on water duty methods) and the production estimates developed in the CBWRMS 
based on water duty methods and water budget modeling, with Watermaster’s estimates being about 
26,000 acre-ft/yr lower for the period 1978 to 1989.  Watermaster will install in-line meters on all wells 
over the next three years after which accurate estimates of agricultural production will be available.  If 
these estimates show that agricultural production is higher than previously reported, then the groundwater 
production rates from the southern part of the Basin will have be increased to maintain yield.  

Water Supply Plans.  Water demands, supply projections for agencies that produce groundwater from 
the Chino Basin, and estimates of the safe operating yield of the Basin are the basis for evaluating the 
water supply plans presented in this analysis.  Initial water supply plans were developed by Montgomery 
Watson in 1998 and modified by WE, Inc., based on information supplied by the municipal and industrial 
producers.  The initial plans are shown in Table 2-17. 

Based on the data presented in Section 2, the municipal and industrial demands are projected to increase 
30 percent between 2000 and 2020.  Several agencies will experience increases in demand exceeding 30 
percent over the next 20 years, including the cities of Chino, Chino Hills, Norco, Ontario, Cucamonga 
County Water District (CCWD), Fontana Water Company (FWC), JCSD, and the West San Bernardino 
County Water District (WSBCWD).  Forecasts from municipal and industrial entities indicate that water 
supply sources for the Chino Basin in 2020 will consist predominantly of Chino Basin wells through 
direct use or treatment and use, groundwater and treated surface water from other basins, and MWDSC 
supplies. 

The demand data in Section 2 and individual water supply plans were used to quantify the future demand 
for each purveyor that will need to be satisfied from new water supply sources.  Future sources for each 
purveyor were evaluated and classified into two categories: secure sources and non-secure sources.  
Secure sources are those with a high probability of being available throughout the planning period.  These 
include existing and available supplies from Chino Basin wells, existing water and desalter plants (i.e., 
WFA/JPA, CCWD, and TVMWD water treatment plants and Santa Ana Watershed Project Authority 
[SAWPA] Desalter), imported treated MWDSC water from the Weymouth treatment plant, and imported 
surface water from other basins.  Non-secure sources are not currently available and must be developed to 
serve the Basin purveyors. These depend on a future event, such as the construction of a treatment plant 
or acquisition of a new water source. 

Table 4-7 lists the 2020 demand projections, projected secure water supply sources including Chino Basin 
groundwater, production rights, over/under production, the water needed in the future, and the 

SAR EIR A.R. 33



SECTION 4 
MANAGEMENT PLAN 

_____________________________________________________________________________________ 
 

 
August 19, 1999 4-18 Wildermuth Environmental, Inc. 
 

 

replenishment obligations. The quantity of water that will be required by each water purveyor was found 
by subtracting the secure water supply for each purveyor from the purveyor’s 2020 demand.  

As shown in Table 4-6 of the 404,000 acre-ft/yr of total demand predicted in 2020, approximately 
364,000 acre-ft/yr will be met from secure water sources with the remaining 40,000 acre-feet of demand 
being met from projects described in this program element.  The breakdown of the 40,000 acre-ft/yr by 
purveyor from largest to smallest user is as follows: 

 

Jurupa CSD 10,720 acre-ft/yr 

City of Chino 9,540 acre-ft/yr 

City of Ontario 8,400 acre-ft/yr 

City of Chino Hills 5,600 acre-ft/yr 

City of Norco 3,260 acre-ft/yr 

Santa Ana River WC 2,170 acre-ft/yr 

Swan Lake 350 acre-ft/yr 

Total in 2020 40,040 acre-ft/yr 

 

The demand in years 2005, 2010, and 2015 was predicted assuming a uniform increase in annual demand 
for each of the above purveyors. Table 4-7 lists the demands for these intermediate planning years.   

For the purpose of this analysis, it was assumed that there is approximately 48,000 acre-ft/yr of 
agricultural production in the southern part of the Chino Basin in the year 2000, and that this production 
will reduce to about 8,000 acre-ft/yr in the year 2020.  This decline in agricultural production must be 
matched by new production in the southern part of the Basin or the safe yield in the Basin will be 
reduced.  The remaining 8,000 acre-ft/yr of production in the southern part of the Basin will be used by 
the State of California. 

Potential Supplemental Water Supply Sources.  An evaluation of potential future supplemental water 
supply sources is given in Table 4-8.  Of these sources, the most viable is supplied through existing basin 
conventional water treatment plants that treat imported State Water Project (SWP) water from MWDSC.  
For the purposes of this analysis, it is assumed that future supplemental water supplies will come from 
expansion of the CCWD Lloyd Michael water treatment plant (WTP) and the WFA/JPA Agua de Lejos 
WTP. 

Alternative Water Supply Plan Descriptions 

Four initial water supply plan alternatives and ten subalternatives were developed. The initial alternatives 
consisted of various combinations of wells, desalters, water treatment plants, water and brine pipelines, 
and pumping stations.  Purveyors that will require new water supplies include the cities of Chino, Chino 
Hills, Ontario, Norco, JCSD, Santa Ana River Water Company (SARWC), and Swan Lake.  A fifth 
alternative was also developed that included three subalternatives for various levels of recycled water use.  
The water supply plans are described in detail in the Task Memorandum on file with the Watermaster for 
this Program Element.  The initial alternatives that were evaluated included: 
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Alternative 1: Supplemental Water Deliveries Only 

• Subalternative 1A: Supplemental Water Delivery – Agricultural Converts to Urban 
Uses 

• Subalternative 1B: Supplemental Water Delivery – Agricultural Use Stays 

Alternative 2: Groundwater Pump, Treat, and Serve Only 

• Subalternative 2A-1: Regional Groundwater Pump, Treat, and Serve – Agricultural 
Converts to Urban Uses   

• Subalternative 2A-2: Ad Hoc Groundwater Pump, Treat, and Serve – Agricultural 
Converts to Urban Uses   

• Subalternative 2B-1: Regional Groundwater Pump, Treat, and Serve – Agricultural 
Use Stays  

• Subalternative 2B-2: Ad Hoc Groundwater Pump, Treat, and Serve – Agricultural 
Use Stays  

Alternative 3 – Conjunctive Use  

• Subalternative 3A: Conjunctive – Agricultural Converts to Urban Uses 
• Subalternative 3B: Conjunctive – Agricultural Use Stays  

Alternative 4: Supplemental Water Delivery and Regional Groundwater Pump, Treat, and Serve  

• Subalternative 4A: Supplemental Water Delivery and Regional Pump, Treat, and 
Serve – Agricultural Converts to Urban Uses  

• Subalternative 4B: Supplemental Water Delivery and Regional Pump, Treat, and 
Serve – Agricultural Use Stays  

Alternative 5: Reclaimed Water Delivery  

• Subalternative 5A: Direct Non-Potable Reuse Only 
• Subalternative 5B: Reclaimed Water Delivery for Spreading Only 
• Subalternative 5C: Direct Non-Potable Reuse and Recharge of Reclaimed Water  

Recommended Water Supply Plan for the OBMP 

Considerable discussion of the alternative water supply plans occurred at the OBMP workshops in 
February through May of 1999.  The discussions focused, in part, on the assumption and details of each 
alternative and cost. Based on technical, environmental, and cost considerations, the stakeholders selected 
Alternative 4A for detailed review and refinement.  Alternative 6A was developed based on Alternative 
4A and 5C, includes an accelerated desalting schedule and has no future supplemental water deliveries to 
the southern part of the Basin. The Alternative 6A water supply plan consists of the following key 
elements. 

Groundwater Production Pattern.  Groundwater production for municipal use will be increased in the 
southern part of the Basin to: meet the emerging demand for municipal supplies in the Chino Basin, 
maintain safe yield, and to protect water quality in the Santa Ana River.  All new southern Basin 
production will require desalting prior to use. The cities of Chino, Chino Hills, Ontario and Norco, and 
the JCSD will maximize their use of groundwater from the southern part of the Basin prior to using other 
supplies. The SAWPA desalter, currently under construction will have to be expanded from 8 million 
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gallons per day (mgd) to 10 mgd by 2003.  Two new desalters will be constructed – the east and west 
desalters.  The east desalter will need to be on-line by late 2003 at a capacity of 14 mgd.  The west 
desalter will need to be on-line by 2010 with a capacity of 7.5 mgd.  Both these new desalters will be 
expanded in the future.  The cost of the southern Basin desalting system will be shared by all Basin 
producers such that the agencies making direct use of this water above are not unfairly burdened with the 
cost of treating this water.  It was demonstrated during discussions on this program element that equitable 
cost sharing could be achieved.  It was also demonstrated that the groundwater production pattern in the 
Alternative 6A water supply plan was the least cost plan when lost safe yield and Santa Ana River water 
quality mitigation costs are avoided. The stakeholders came to an agreement on May 27, 1999 that the 
Alternative 6A water supply plan should be included in the OBMP.  

The total replenishment obligation associated with this groundwater production pattern is 31,000 acre-
ft/yr in the year 2000 and will increase to about 55,000 acre-ft/yr by the year 2020.  The replenishment 
obligation can be satisfied using water in local storage, direct recharge of imported and recycled water, 
and by in-lieu exchange. 

Imported Water. Imported water use will increase to meet emerging demands for municipal and 
industrial supplies in the Chino Basin area, Watermaster replenishment, and conjunctive use.  Expanded 
use of imported water in the northern part of the Basin will have a lower priority than maintaining 
groundwater production in the southern part of the Basin. 

Recycled Water.  Recycled water use (direct use and recharge) will increase to meet emerging demands 
for non-potable water and artificial recharge.  Under the current Basin Plan, all new recycled water use 
will require mitigation for TDS and nitrogen impacts. Recycled water use will be expanded as soon as 
practical.  The two new desalters described above and the increase in storm water recharge will provide 
mitigation for the expanded use of recycled water. 

Under Alternative 6A , two new desalters will be constructed and the SAWPA desalter currently under 
construction will be expanded immediately.  The general location of these desalters, their respective well 
fields, product water pipelines, and delivery points are shown in Figure 4-2.  Table 4-9 shows the 
timetable for the new desalters along with the salt removal capacity of these desalters.  Table 4-10 
contains the capital and annual costs for these facilities.  An initial financing and cost sharing plan for this 
part of the OBMP will be developed during the Phase II OBMP process.  

Implementation Requirements and Issues  

Technical evaluation requirements and issues relating to facilities siting, facilities description and 
operations, and technical feasibility include: 

• Basin exploration to assess ambient water quality and potential well field locations. 
• Geotechnical and hydrogeological investigations. 
• Siting investigations for desalters, wells, pipelines, and other facilities. 
• Pump tests to determine viability of aquifer production. 
• Modeling for safe yield impacts for alternatives identified in the OBMP. 
• Preliminary engineering (reverse osmosis [RO] process design, facility layouts, 

pipeline alignments). 
• Aquifer and groundwater quality monitoring. 
• Santa Ana Regional Interceptor (SARI) capacity/availability. 

SAR EIR A.R. 33



SECTION 4 
MANAGEMENT PLAN 

_____________________________________________________________________________________ 
 

 
August 19, 1999 4-21 Wildermuth Environmental, Inc. 
 

 

•  Analyses of the availability/capacity of existing infrastructure. 
•  Project phasing schedule. 
•  Construction delivery method (design-bid-build versus design-build). 

Financial evaluation requirements and issues include: 

•  Economic feasibility analysis. 
•  Project financing plan. 
•  Interagency agreements/approvals/contracts. 
•  Potential impact on replenishment obligations. 
•  Cost/benefit analyses to evaluate incentives. 
•  Method of operation (agency operation versus contract operation). 
•  Future availability of MWDSC incentives. 
•  Sale of rising groundwater to Orange County. 

California Environmental Quality Act (CEQA) and permitting requirements and issues include: 

•  Selection of implementing/lead agency. 
•  Preparation of necessary documents for CEQA/ National Environmental Policy Act 

(NEPA) compliance. 
•  Compliance with Basin Plan. 
•  Regulatory requirements/approvals from DHS and Regional Board Requirements. 
•  Interagency agreements/approvals/contracts. 

Implementing Agencies 

There are a number of specific responsibilities that must be defined when implementing any of the 
previously discussed alternatives. These responsibilities are listed in Table 4-11. One agency could 
assume all the responsibilities listed in Table 4-11; however, reality dictates that no single agency can 
typically meet all of these responsibilities.  The following section provides a description of the agencies 
that could become the lead implementing agency for the construction, operation, and technical and 
financial support of the chosen water supply alternative. 

Chino Basin Watermaster.  Watermaster was created on January 27, 1978 by the San Bernardino 
County Superior Court after extensive negotiations between the municipal, industrial, and agricultural 
producers. The Chino Basin Watermaster is the entity charged with administering adjudicated water rights 
and managing groundwater resources within the Chino Basin. The Watermaster’s primary responsibilities 
include: manage and control the replenishment of water supplies in the Basin, acquire and spread 
replenishment water as needed, approve and facilitate the storage of supplemental water in the Basin, and 
develop and implement an optimum basin management program to manage the Basin.  

Inland Empire Utilities Agency.  IEUA, formerly the Chino Basin Municipal Water District, serves 
570,000 people and covers 242-square miles in the areas of Chino, Chino Hills, Fontana, Montclair, 
Ontario, Rancho Cucamonga, Upland and the Chino Agricultural Preserve. The Agency’s major 
responsibilities are: wastewater treatment and disposal; supplemental water supply; industrial waste or 
non-reclaimable waste disposal; and water recycling.  Under the Regional Sewage Service Program, the 
Agency operates three domestic wastewater treatment plants. The program enables local communities to 
take advantage of shared facilities and to further reduce costs by combining staffs and operations. Two 
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additional water recycling facilities will be on-line in the next 10 years to accommodate the growth of the 
area’s industrial and residential communities, as well as to meet increasingly stringent environmental 
regulations. 

Three Valleys Municipal Water District. In recognition of the need for additional sources of water for 
the growing region, the Pomona Area Water Committee was organized in 1945 for securing annexation to 
the MWDSC. Through the efforts of the committee, the District was formed on January 26, 1950 by 
public election. The District is a local government agency with a board of directors elected by the 
registered voters residing within the District's boundaries. The District's boundary includes approximately 
133 square miles with a current population of 475,000. Approximately 126,600 retail customers are 
served by the local agencies to whom the District provides supplemental water.  

Western Municipal Water District. Western Municipal Water District of Riverside County was formed 
in 1954 to bring supplemental water to growing western Riverside County.  Western’s district consists of 
a 510-square mile area of western Riverside County, with a population of nearly one-half million people. 
Western is in the heart of the Santa Ana Basin and within its district lies the communities of Jurupa, Mira 
Loma, Rubidoux, Riverside, Norco, Corona, Elsinore Valley, and Rancho California. A member agency 
of the Metropolitan Water District of Southern California, Western serves imported water directly to more 
than 10,000 retail customers who are located in the unincorporated and non-water bearing areas around 
Lake Mathews and portions of the city of Riverside.  The District also serves ten wholesale customers 
with Colorado River and SWP water.  In addition to its retail water service, the District has committed to 
retail sewer service to 2600 customers in the Lake Hill/Home Gardens area. 

Santa Ana Watershed Project Authority. SAWPA is a joint powers agency that was originally formed 
to develop water and wastewater management plans for the Santa Ana River watershed. The agency is 
now responsible for regional water quality planning and implements projects at the request of its member 
agencies. Members of SAWPA include: IEUA, Eastern Municipal Water District (Riverside County), San 
Bernardino Valley Municipal Water District (SBVMWD), WMWD (Riverside County), and the Orange 
County Water District (OCWD). SAWPA owns and operates the Santa Ana Regional Interceptor (SARI) 
sewer brine disposal system that offers a means of exporting non-reclaimable wastewater from the 
southern portion of the Chino Basin (CBMWD Reclaimed Water Master Plan, 1993). In addition to the 
SARI, SAWPA, in cooperation with a number of other agencies who provided support and financial 
resources, constructed the Arlington Desalter to begin reversing the Arlington Basin’s salinity. The 
Arlington Desalter produces approximately 6 mgd of drinking quality water. SAWPA also owns and 
operates the SAWPA Chino Desalter that, upon construction by the year 2000, will supply approximately 
8 mgd of potable drinking water to JCSD, Chino, Chino Hills, and Norco. 

Cooperative Efforts with Appropriate Agencies to Implement Program 

Watermaster will assume the leadership role for developing and implementing the OBMP regional water 
supply plan (Alternative 6 described above) including the development of new desalting plants and the 
expansion of the new SAWPA desalter. Watermaster will enter into agreements with cooperative entities 
to implement the OBMP regional water supply plan.  Potential cooperative entities include CCWD, 
IEUA, TVMWD, WMWD, SAWPA, WFA/JPA, and private entities.  These contracts will include 
specific performance goals and schedule.  If a cooperative entity fails to perform according to the terms of 
their agreement, then Watermaster will terminate the agreements and either enter into an agreement with 
another cooperative entity or implement the program itself. 
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The new desalting projects could be designed, built, operated and owned by IEUA, WMWD, SAWPA, or 
by private entity under long-term contract to supply water from the desalters.  A private entity may be the 
preferred way to construct the east desalter because of rapid implementation requirements of that desalter. 

CCWD, IEUA, TVMWD, and WFA/JPA will be responsible for providing imported supplies. 

IEUA and WMWD will be responsible for expanding the recycled water use in the Basin. 

Implementation Actions and Schedule 

First Three Years (1999/00 to 2001/02).  The following actions will be completed in the first three years 
commencing fiscal year 1999/00: 

Preliminary Engineering  – Year 1 
• Basin exploration to assess current water quality and identify well field locations. 
• Geotechnical and hydrogeological investigations. 
• Siting investigations for desalters, wells, pipelines, and other facilities. 
• Re-evaluation of potential purveyor water supplies/demands. 
• Analysis of availability & capacity of existing infrastructure. 
• Analysis of SARI capacity & availability. 
• Concept design for new treatment facilities. 
• Preparation of necessary documents for CEQA/NEPA compliance. 
• Regulatory requirements/approvals from DHS and Regional Board Requirements. 
• Conditional use and other permits from local agencies. 
• Economic feasibility analysis. 
• Project financing plan. 
• Selection of implementing/lead agency. 
• Interagency agreements/approvals/contracts. 
• Method of operation (agency operation versus contract operation). 

Design and Construction of East Desalter and  
Design and Construction of Expansion of SAWPA Desalter – Years 2 and 3 

• Purchase land for ultimate facilities. 
• Pre-design investigations. 
• Pump tests to determine groundwater production. 
• Re-evaluation of purveyor water supplies/demands. 
• Preliminary engineering. 
• RO process design. 
• Facility site layouts. 
• Pump station design. 
• Final design. 
• Bidding and contract award. 
• Construction. 
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• Start-up by 2003. 

Years Four to Ten (2002/03 to 2010/11).  The following actions will be completed in years four through 
ten, commencing fiscal year 2002/03 

Design and Construction of Western Desalter 
• Purchase land for ultimate facilities. 
• Pre-design investigations. 
• Pump tests to determine groundwater production. 
• Re-evaluation of potential purveyor water supplies/demands. 
• Geotechnical and hydrogeological investigations. 
• Preliminary engineering. 
• RO process design. 
• Facility site layouts. 
• Pump station design. 
• Final design. 
• Bidding and contract award. 
• Construction 
• Start-up by 2010 

East, West, and SAWPA desalters: 
• Operate facilities through period. 

• Upgrade facilities as necessary to maintain state-of-the-art and to meet regulatory 
requirements. 

Years Eleven to Twenty (2010/11 to 2019/20).  The following actions will be completed in years eleven 
to twenty, commencing fiscal year 2010/11 

Expansion of Eastern Desalter, and  
Expansion of Western Desalter 

• Pre-design investigations. 
• Pump tests to determine groundwater production. 
• Re-evaluation of potential water supplies/demands. 
• Geotechnical and hydrogeological investigations. 
• Preliminary Engineering. 
• RO process design. 
• Facility site layouts. 
• Pump station design. 
• Final design. 
• Bidding and contract award. 
• Construction. 
• Start-up by 2015. 

East, West, and SAWPA desalters: 
• Operate facilities through period. 
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•  Upgrade facilities as necessary to maintain state-of-the-art and to meet regulatory 
requirements. 

PROGRAM ELEMENT 4 – DEVELOP AND IMPLEMENT COMPREHENSIVE GROUNDWATER 
MANAGEMENT PLAN FOR MANAGEMENT ZONE 1 (MZ1) 

Need and Function   

Program Element 4 – Develop and Implement Comprehensive Groundwater Management Plan for 
Management Zone 1 contains action items explicitly listed in Table 3-8. 

The second impediment to Goal 1 – Enhance Basin Water Supplies can be stated as:  “Unless certain 
actions are taken, piezometric levels in the deep aquifers of Management Zone 1 will continue to decline 
adding to the potential for additional subsidence and fissures, lost production capability and water quality 
problems.  This impediment speaks to a localized subsidence and fissuring problem within the City of 
Chino and to a potentially larger and similar problem in the southern end of Management Zone 1 in the 
former artesian area.  This part of the Basin contains a higher fraction of fine-grained materials that 
originated from sedimentary deposits in the Chino and Puente Hills.  This area also consists of a multiple 
aquifer system.  The upper aquifer(s) are moderately high in TDS and are often very high in nitrate.  The 
City of Chino Hills has drilled a series of wells into the deeper aquifer(s) to obtain better quality water.  
The storage and hydraulic properties of the deeper aquifers are quite limited relative to the upper aquifer. 
The correlation of the recent groundwater production in the deep aquifers and the timing of the 
subsidence and fissuring, and a review of the hydrogeologic data from the area very strongly suggest that 
deep aquifer production is the likely cause of the subsidence.  Figure 4-2 illustrates the location and 
magnitude of subsidence and fissuring in the City of Chino and Figure 4-3 shows the location of the this 
subsidence anomaly relative to Management Zone 1 and the former artesian area.  The Program Element 
4 – Develop and Implement Comprehensive Groundwater Management Plan for Management Zone 1 task 
memorandum is on file and available from the Watermaster offices.  It describes the subsidence problem 
in the Management Zone 1 area as it is currently understood in more detail.  

MZ 1 Management Plan 

The continued occurrence of subsidence and fissuring in Management Zone 1 is not acceptable and must 
be reduced to tolerable levels or completely abated.  However, there is some uncertainty as to the causes 
of subsidence and fissuring and more information is necessary to distinguish among potential causes.  An 
interim management plan must be developed and implemented to:  

• minimize subsidence and fissuring in the short-term;  

• collect the information necessary to understand the extent and causes of subsidence 
and fissuring; and  

• formulate an effective long-term management plan.  

MZ 1 Interim Management Plan.  The interim management plan would consist of the following 
activities: 

• Voluntarily modify groundwater production patterns in Management Zone 1 for a 
five-year period.  For example, there is some indication that deep aquifer production 
beneath the City of Chino contributed to recent subsidence and fissuring in the area.  
Reduction or elimination of deep aquifer production beneath the area of subsidence 
and fissuring is a logical short-term mitigation strategy. 
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•  Balance recharge and production in Management Zone 1.  Based on preliminary 
engineering investigations with RAM tool, it appears that current levels of pumping 
and recharge are balanced.  However, increases in pumping should be balanced with 
increases in recharge. 

•  Determine gaps in existing knowledge. Primarily, there is a lack of understanding of 
Management Zone 1 hydrogeology, of the nature and extent of subsidence and 
fissuring, and of the exact causes of subsidence and fissuring. 

•  Implement a process to fill the gaps in existing knowledge.  This would include 
hydrogeologic, geophysical, and remote sensing investigations of Management Zone 
1, as well as certain monitoring programs, such as piezometric, production, water 
quality, ground level, and subsidence monitoring. 

•  Formulate a long-term management plan.  The long-term management plan will 
include goals, activities to achieve those goals, and a means to evaluate the success of 
the plan. 

MZ 1 Long-Term Management Plan.  The long-term management plan will be formulated during the 
interim management plan based on investigations, monitoring programs and data assessment.  It will 
likely include modifications to groundwater pumping rates and the locations of pumping, recharge, and 
monitoring.  The long-term management plan will be adaptive in nature – meaning monitoring and 
periodic data assessment will be used to evaluate the success of the management plan and to modify the 
plan, if necessary. 

Cooperative Efforts with Appropriate Agencies to Implement Plan 

The subsidence and fissuring problem appears to be currently focused in the City of Chino and the 
California Institution for Men (CIM).  However, it is reasonable given the current knowledge, to expand 
the minimum area of concern to the entire former artesian area shown in Figure 4-3 and slightly beyond 
that area.  Changes in pumping and recharge patterns in Management Zone 1, and more generally the area 
of concern, will most likely be part of the management plan.  The producers in the area include the cities 
of Chino, Chino Hills, Ontario, Pomona and Upland, the Monte Vista Water District (MVWD), San 
Antonio Water Company (SAWC), Southern California Water Company (SCWC), the State of California 
(CIM, California Institution for Women [CIW]), and SAWPA. Watermaster may need to have entities 
that increase their production to provide for the recharge of an equivalent amount of water to maintain the 
balance of pumping and recharge.  Watermaster will take the leadership role in the development and 
implementation of the Management Zone 1 management plan.  

Implementation Actions and Schedule for the First Five Years 

Year 1 
• Establish a Management Zone 1 committee and develop interim management plan. 

Years 2 to 5 
• Implement the interim management plan, including appropriate monitoring. 

Years 3 to 5 
• Annual assessment of data from monitoring programs, and modification of 

monitoring programs if necessary. 
Year 5 

• Develop long-term management plan. 

SAR EIR A.R. 33



SECTION 4 
MANAGEMENT PLAN 

_____________________________________________________________________________________ 
 

 
August 19, 1999 4-27 Wildermuth Environmental, Inc. 
 

 

Implementation Actions and Schedule for Years Six to Ten. 

Year 6 
•  Implement the long-term management plan. 

Years 6 to 10 
•  Annual assessment of data from monitoring programs, and modification of 

management plan if necessary. 

Implementation Actions and Schedule for Years Eleven to Fifty. 

Assessment of data from monitoring programs every three years and modification of management plan if 
necessary. 

PROGRAM ELEMENT 6 – DEVELOP AND IMPLEMENT COOPERATIVE PROGRAMS WITH THE 
REGIONAL BOARD AND OTHER AGENCIES TO IMPROVE BASIN MANAGEMENT 

PROGRAM ELEMENT 7 – DEVELOP AND IMPLEMENT SALT MANAGEMENT PROGRAM 

Need and Function  

These program elements are needed to address some of the water quality management problems that have 
occurred in the Basin.  These water quality problems are described in Section 2 Current Physical State of 
the Basin and Table 3-8 in Section 3 Goals of the OBMP.  The specific water quality issues addressed by 
these program elements are listed below: 

•  The Special Referee has indicated that Watermaster needs to routinely demonstrate 
that implementation of the OBMP will lead to groundwater quality improvements. 
Watermaster should develop and use a method to determine water quality trends and 
to verify whether the OBMP is improving water quality.   

•  There is legacy contamination in the vadose zone from past agricultural activities 
(TDS and nitrogen) that will continue to degrade groundwater long into the future.  

•  Watermaster does not have sufficient information to determine whether point and 
non-point sources of groundwater contamination are being adequately addressed.   

•  There is ongoing salt and nitrogen loading from agriculture. 

Demonstration of Water Quality Improvement 

The TDS and nitrogen challenges in the Chino Basin are caused by agriculture and safe yield 
management.  The TDS and nitrogen impacts from agriculture were described in Section 2.  Table 4-12 
shows in summary format how the TDS concentration in source supplies and fertilizer affect the TDS 
concentration in irrigation return flows to groundwater. The TDS concentration in the irrigation return 
flow is about four times higher than the TDS concentration in the irrigation supply. The majority of the 
increase in TDS concentration is caused by consumptive use and a negligible contribution from the 
fertilizer.  The table also shows the affect of the use of dairy manure for fertilizer and soil improvement.  
The TDS contribution from manure is much larger than from commercial fertilizer, however the 
concentration increase from consumptive use is more significant particularly for source water TDS 
concentrations typical in the southern part of the Basin (>500 mg/L).  Similar TDS concentration 
increases in irrigation return flows occur for other crop types such as citrus and grapes, both of which 
were significant in the past.  Table 4-12 shows TDS concentrations for urban irrigation return flows for a 
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representative range in municipal source water TDS concentration.  The range of TDS concentrations in 
urban irrigation returns is from about 1,200 to 1,800 mg/L with less than ten percent coming from 
fertilizers and the overwhelming majority of the TDS increase coming from consumptive use. 

Figure 4-4 is a map that shows the general groundwater flow directions in the Chino Basin.  The map 
contains velocity vectors that show direction and relative velocity of groundwater flow.  One of the more 
interesting interpretations of this map is that groundwater generally flows away from the Santa Ana River. 
Small amounts of rising groundwater occur seasonally in Chino and Mill Creeks and are typically less 
than 11,000 acre-ft/yr. The only way significant amounts of groundwater can leave the Basin are through 
consumptive use, the discharge of recycled water to the Santa Ana River near Prado, and the discharge of 
brine to either the Santa Ana Regional Interceptor (SARI) or the Non-Reclaimable Waste Line (NRWL). 
The groundwater flow pattern shown in Figure 4-5 is largely influenced by production.  If there were a 
significant reduction in groundwater production in the southern part of the Basin, then groundwater 
outflow to the Santa Ana River would increase and the safe yield would be reduced.  The safe yield of the 
Basin depends on recharge of Santa Ana River water and minimal outflow of groundwater to the river.  
Without the recycled water discharges to the Santa Ana River near Prado dam and brine discharges to the 
SARI and the NRWL, the Chino Basin would almost be a completely closed system.  

The vadose zone is the part of the aquifer that lies between the soil and the water table.  The vadose zone 
is partially saturated and buffers the mineral salt loads entering from the soil.  The buffering effect 
reduces the magnitude of the peak loads to the saturated zone and spreads out the loading of the saturated 
zone over a period of time that is longer than the soil loading.  Salts in the vadose zone are being released 
to the saturated zone now and will continue to be released to the saturated zone for some time after the 
agricultural lands are converted to urban uses. The quantity of salt reaching groundwater should reduce in 
the future for two reasons:  

• salt loading to the soil from agricultural will reduce over time 

• less water will percolate through the vadose zone as the agricultural area becomes 
paved through urbanization (60 to 80 percent impervious).  

If current rates of agricultural loading were to continue indefinitely, TDS and nitrate concentrations in 
groundwater could continue to rise.  TDS projections for the Chino Basin that were made during the 
Chino Basin Water Resources Management Study (CBWRMS) suggested that the TDS concentrations 
would continue to rise in groundwater throughout most of the 50-year planning horizon of 1990 through 
2040. These graphs are included in the Program Element 6 Task Memorandum on file and available from 
the Watermaster offices.  In the CBWRMS, agricultural activities were assumed to decline to minimum 
levels by the year 2020. If and when the land use in the area is converted to urban uses, the source water 
TDS served to the new urban areas will be always less than 400 mg/L and the mineral salts from the 
source water will be mostly discharged in recycled water discharges to the Santa Ana River, brine line 
discharges (from new desalters) and increased rising groundwater flows to the Santa Ana River.  The 
TDS concentration in groundwater will, after some period of time, decline slowly but should still remain 
significantly higher than be served as a municipal supply.   

The Court will require Watermaster t develop and use a method to demonstrate that actions taken in the 
OBMP will improve groundwater quality. The question arises: how do we assess progress towards 
improving groundwater quality if groundwater monitoring alone will continue to show degradation even 
after significant steps are taken to improve water quality? 

The alternatives available to the Watermaster range from groundwater quality monitoring alone to the 
application of numerical models in conjunction with monitoring.  As mentioned above, if groundwater 
monitoring were the only metric for measuring improvement, then it will appear for many years that 
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construction of desalters and the export of dairy waste will have no benefit.  The use of numerical models 
to assess progress in improving water quality is extremely expensive if their only use were to assess such 
progress. 

A method that combines monitoring and a salt budget is more practical and cost-effective than large-scale 
modeling. The salt budget approach consists of a salt ma ss accounting in each management zone and the 
Basin as a whole. The magnitude of each inflow and outflow component would be estimated.  The TDS 
and nitrogen concentration of each inflow and outflow component would be estimated.  Water quality will 
improve if the flow-weighted concentration in the inflow is less than the flow-weighted concentration in 
the outflow.  

[Σ Ik*Ck ]  / [Σ Ik]   –    [Σ Oj *Cj ] / [Σ Oj ]  <  0   water quality is improving 

[Σ Ik*Ck ]  / [Σ Ik]   –    [Σ Oj *Cj ] / [Σ Oj ]  >  0   water quality is degrading 

[Σ Ik*Ck ]  / [Σ Ik]   –    [Σ Oj *Cj ] / [Σ Oj ]  =  0   water quality is not changing 
 
where: Ik  is volumetric recharge component k 
 Ck  is the TDS or nitrogen concentration associated with recharge component k 
 Oj  is volumetric discharge component j 
 Cj  is the TDS or nitrogen concentration associated with discharge component j 
  

The inflow components include: precipitation, artificial recharge of storm flows, artificial recharge of 
recycled water, and applied water.  The outflow components include: evapotranspiration, surface water 
outflow, recycled water export, groundwater export and brine export.  The TDS and nitrogen mass 
increments added to water as it is applied to irrigated lands or to disposal land needs to be estimated.  The 
inflow and outflow components used in this approach will produce average recharge and discharge from 
the Basin, that is, there will be no change in groundwater storage.    

The salt budget will be computed for existing conditions to assess the current balance, hereafter referred 
to as the baseline case.  An assessment of future water quality improvements that will occur from the 
OBMP will be made by changing the water and waste management assumptions in the baseline case to 
reflect OBMP implementation.  The changes in the inflow and outflow components and their associated 
TDS and nitrogen concentration will be made and the salt budget equations would be re-solved.  The 
relative improvement of water quality will be assessed by comparing the salt budget of the OBMP to the 
baseline plan.  Later, during periodic OBMP updates, the salt budget will be computed based on the then 
current water quality (from monitoring programs) and the then current water and waste management 
plans.  These periodic assessments will allow Watermaster to determine if the OBMP is improving water 
quality. 

There are some limitations to the salt budget method and the use of such a method should be considered 
in light of all anticipated water quality assessment needs in the Basin. Table 4-13 presents a tabular 
comparison of future water quality information requirements with alternative methods and approximate 
costs to use those methods over the next 20 years.  The CBWRMS developed a comprehensive set of 
models for the Chino Basin that is capable of assessing the impact of past and future water resources 
management activities on groundwater level, streamflow, and water quality.  The Chino Integrated 
Groundwater and Surface Water Model (CIGSM) is extremely complex and expensive to maintain and 
use.   

The salt budget method will cost about $80,000 to $100,000 to develop and use the first time.  Subsequent 
uses, in either OBMP updates or ad hoc investigations, will involve developing new water quality input 
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data based on new monitoring data and revised water and waste management scenarios.  Total cost over 
the next 20 years should range between $300,000 to $400,000. CIGSM is composed of series of models.  
In contrast to the salt budget method, CIGSM is very complex and difficult to use.  The cost to re-
calibrate CIGSM, to update the planning data, and to use the model to evaluate the initial OBMP is about 
$700,000 based on recent detailed estimates developed for the TIN/TDS Study (Wildermuth 
Environmental, 1999). The cost to use CIGSM over the next 20 years will run between $3,000,000 to 
$4,000,000. 

Cooperative Efforts with the Regional Water Quality Control Board 

Watermaster does not have sufficient information to determine whether point and non-point sources of 
groundwater contamination are being adequately addressed.  Watermaster’s past monitoring efforts have 
been largely confined to mineral constituents in the southern half of the Basin and to available monitoring 
data supplied by municipal and industrial producers.  The Regional Water Quality Control Board 
(Regional Board) has limited resources to detect, monitor and cause the clean up of point and non-point 
water quality problems in the Chino Basin. The Regional Board commits its resources to enforce remedial 
actions when it has identified a potential responsible party.  The Regional Board does not take action 
when the sources are not easily identified or when the sources are diffuse, such as non-point sources.  
Notable examples include the mercury problem in the east Ontario area and some solvent plumes in the 
lower Chino Basin.  It is not a question of Regional Board willingness to in this area; it is the allocation of 
limited RWQCB resources.  Watermaster can improve water quality management in the Basin by 
committing resources to: 

• identify water quality anomalies through monitoring; 
• assist the Regional Board in determining sources of the water quality anomalies; 
• establish priorities for clean-up jointly with RWQCB; and 

• remove organic contaminants through its regional groundwater treatment projects in 
the southern half of the Basin. 

The last bulleted item requires some explanation.  The well field for SAWPA desalter will eventually 
intercept a solvent plume of unknown origin that is emanating from the Chino airport area.  There is a 
second solvent plume northeast of the Chino airport area that could be intercepted by the current desalter 
or another future desalter.  This will require additional treatment for the water produced by the desalter.  
The desalter project can be used to clean up these plumes at some additional cost. The cost of cleaning up 
the solvent plumes at the desalters will be less than the cost of a dedicated solvent removal system. The 
additional cost should be paid for by the entity responsible for the solvent discharge.  A similar process 
was used by the Regional Board and Kaiser Steel Corporation to mitigate a TDS plume in the north half 
of the Chino Basin.   

TDS and Nitrogen (Salt) Management in the Chino Basin 

TDS and nitrogen management will require minimizing TDS and nitrogen additions by fertilizers and 
dairy wastes, desalting of groundwater in the southern part of the Basin (for water supply purposes), and 
maximizing the artificial recharge of storm water. The latter two management components are included in 
Program Elements 3 and 2, respectively  

The agricultural area in the southern part of the Chino Basin will gradually convert to urban uses over the 
next 20 to 30 years and, thus, in the long term, the TDS and nitrogen challenges from irrigated agriculture 
and dairy waste management will go away.  The Regional Board will adopt new dairy waste discharge 
requirements in the summer of 1999.  The requirements will include the following: 
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•  Each dairy will develop and implement an engineered waste management plan that 
will contain dairy process water and on-dairy precipitation runoff for up to a 25-year, 
24-hour storm 

•  Manure scraped from corrals must be exported from the dairy within 180 days 
•  All manure stockpiled in the Chino Basin as of December 1, 1999, will be exported 

from the Basin by December 1, 2001. 
•  No manure may be disposed of in the Chino Basin 

•  Some manure can be applied to land at agronomic rates if and only if in the opinion 
of the Executive Officer there is reasonable progress toward the construction of a 
new desalter in the Chino Basin. 

The Santa Ana River Watershed Group (SARWG) is a stakeholder group made up of municipal, county, 
regional and federal agencies, and private individuals that are working through complex land use and 
environmental issues in the Santa Ana Watershed. One of their work products is a draft manure 
management strategy (MMS) for the Chino Basin.  The primary component of MMS is the export of 
manure either as a raw or an improved material.  The MMS describes the economics of manure 
management and the means to finance manure export.   

The new dairy waste discharge requirements may have the unintended result of actually causing Santa 
Ana River quality to degrade.  Some or all of the dairy farmers could move out of the Basin if they cannot 
afford to continue dairy operations as a result of the new waste discharge requirements.  A rapid departure 
of the dairies will result in a rapid decline in groundwater production in the southern part of the Basin and 
a subsequent increase in poor quality rising water.  The rising groundwater will degrade the river.  As part 
of the OBMP, Watermaster will annually review the economics of dairy waste management in the Chino 
Basin and may contribute funds to subsidize the removal of manure from the Basin.  In the first year of 
the OBMP implementation, Watermaster will contribute $150,000.  Watermaster will closely monitor the 
activities of the Regional Board, SARWG and others whose actions will influence the amount of TDS and 
nitrogen entering the Basin. 

The urban land use that will replace agriculture will require low TDS municipal supplies that in turn will 
produce lower TDS irrigation returns to groundwater than those generated by agriculture. The 
construction of desalters in the southern part of the Basin (as described in Program Elements 3 and 5) will 
extract and export huge quantities of salt from the Basin.  Table 4-9 lists the salt removal capacity of 
desalters described in Program Elements 3 and 5.  By 2020, the salt removal capacity of the desalters will 
reach over 80,000 tons per year.  The dairy salt contribution is currently about 30,000 tons per year.  It is 
premature to set salt reduction goals until the salt budget method described above is developed and the 
salt budget is assessed for the Basin.  However, it seems reasonable to expect that the salt budget will be 
impacted favorably by the desalters and future land use conversions, and that Watermaster should expect 
a reduction in salt loading of about 80,000 to 100,000 tons of salt per year in the next 20 to 30 years. 

Implementation Actions and Schedule  

First Three Years (1999/00 to 2001/02).  The following actions will be completed in the first three years 
commencing fiscal year 1999/00: 

• Watermaster will form an ad hoc committee, hereafter water quality committee.  The 
purposes of the water quality committee are to review water quality conditions in the 
Basin and to develop (with the Regional Board) cooperative strategies and plans to 
improve water quality in the Basin.  The committee would meet regularly with 
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Regional Board staff to share information and to recommend cooperative efforts for 
monitoring groundwater quality and detecting water quality anomalies.  The schedule 
and frequency of meetings will be developed with the Regional Board during the first 
year of the OBMP implementation. 

• Watermaster will refine its monitoring efforts to support the detection and 
quantification of water quality anomalies.  This may require additional budgeting for 
analytical work and staff/support. 

• If necessary, Watermaster will conduct investigations to assist the Regional Board in 
accomplishing mutually beneficial objectives. 

• Watermaster will seek funding from outside sources to accelerate detection and clean 
up efforts. 

• Develop salt budget goals, develop the salt budget method described above and 
review all the OBMP actions. 

• Watermaster will annually review the economics of dairy waste management in the 
Chino Basin and may contribute funds to subsidize the removal of manure from the 
Basin.  In the first year of the OBMP implementation, Watermaster will contribute 
$150,000. 

At the conclusion of the third year, the water quality committee will have met several times, developed 
and implemented a cooperative monitoring plan with the Regional Board, and developed a priority list 
and schedule for cleaning up all known water quality anomalies.  

Years Four through Fifty (2002/03 to 2050/51).  The following actions will be completed in years four 
through fifty, commencing fiscal year 2002/03: 

• Continue monitoring and coordination efforts with the Regional Board. 
• Annually update priority list and schedule for cleaning up all known water quality 

anomalies. 
• Continue to seek funding from outside sources to accelerate clean up efforts. 
• Implement projects of mutual interest. 

• As part of periodic updates of the OBMP, re-compute the salt budget using the salt 
budget method.  The salt budget method would be used to reassess future OBMP 
actions to ensure that salt management goals are attained. 

• Annually review the economics of dairy waste management in the Chino Basin and 
consider contributing funds to subsidize the removal of manure from the Basin. 

PROGRAM ELEMENT 8 – DEVELOP AND IMPLEMENT GROUNDWATER STORAGE MANAGEMENT 
PROGRAM 

PROGRAM ELEMENT 9 – DEVELOP AND IMPLEMENT CONJUNCTIVE USE PROGRAMS 

Need and Function  

The first impediment to Goal 1 – Enhance Basin Water Supplies can be stated as:  “Unless certain actions 
are taken, safe yield of the Basin will be reduced … (because) the current manner in which Watermaster 
manages cyclic and local storage accounts will cause overdraft.” Watermaster is concerned about the 
magnitude of water lost from the Chino Basin from rising groundwater when groundwater is stored in the 
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local storage, cyclic, conjunctive use and other storage accounts.  Watermaster is interested in 
determining how much water can be stored without significant loss from local accounts and in developing 
a procedure to equitably distribute these losses among entities that have storage accounts. Watermaster 
may consider setting limits for individual storage accounts for members of the overlying non-agricultural 
and appropriative pools that ensure reasonable and beneficial use of Chino Basin water.   

The third impediment to Goal 3 – Enhance Management of the Basin can be stated as:  “About 500,000 
acre-ft of storage in the Chino Basin cannot be used due to water quality and institutional issues.”  The 
impediment speaks to two issues.  The first issue is a concern by the producers of adverse water quality 
impacts if groundwater storage is significantly (see Section 2) increased.  The second issue is the past 
inability of Watermaster, producers, and MWDSC to be able to agree on a conjunctive use program for 
the Chino Basin.  

Parties to the Judgment can store un-pumped groundwater rights for various reasons that include: 

Future use during shortage of other less expensive water supplies.  Some parties to 
the Judgment have access to other sources of water that are less expensive than producing 
Chino Basin groundwater.  The alternative water supplies available to these parties 
include imported water, local streamflow, and other groundwater basins.  By not 
pumping their Chino Basin rights, they can then store water in the Chino Basin for later 
use when their other less expensive sources are scarce.  This is conjunctive use. 

Exchange or sell to other producers.  Some parties to the Judgment produce less than 
their rights resulting from decreased demand, groundwater quality problems, or because 
they have access to other less expensive supplies.  The un-pumped water pursuant to the 
Judgment can be exchanged or sold to other parties to the Judgment.  

Temporary shortfall in production capacity.  Some parties may not be able to use all 
their rights due to temporary shortfalls in production capacity caused by water quality or 
mechanical problems. The un-pumped water goes into local storage accounts until 
production capacity is recovered or increased. 

As a means of efficiently managing their available water supply, each appropriative and overlying non-
agricultural producer tries to minimize the cost of water from the sources of supply available to that 
producer.  Some producers have multiple sources of supply and some have limited supplies.  Some 
agencies are in a position, because of the sources of supply available to them, to accumulate water in local 
storage accounts in most years.  Conversely, some agencies produce groundwater from the Chino Basin in 
excess of their rights and cannot make use of local storage accounts except through the purchase or lease 
of other water.   There are two fundamental reasons why storage limits should be considered.  

Ensure reasonable beneficial use.  The accumulation of water in local storage accounts 
in quantities that cannot be put to a reasonable beneficial use is in conflict with Section 2 
of Article X of the California Constitution.  Therefore, if a local storage account 
maximum storage limit needs to be set, the limit should be based on the producer’s ability 
to put the stored water to reasonable beneficial use.  

Reduce groundwater losses to the Santa Ana River.  The cumulative losses of water 
from local storage accounts can grow to be large and, thus, the ability to use the stored 
water to Chino Basin producers is lost.  These losses could be minimized by storing water 
for shorter periods of time prior to use and by limiting the water put into storage accounts 
to an amount that can be put to reasonable beneficial use. 
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Estimate of the Water Lost from Storage 

The accumulation of groundwater in storage without an increase in groundwater production will cause the 
baseflow to increase in the Santa Ana River and some of its tributaries (Chino Creek and Mill Creek).  
Investigations conducted by Watermaster in 1995 concluded that losses from water in local storage 
accounts and cyclic storage are about two percent per year of the water in storage.  These losses could 
reach over four percent in the future if groundwater production patterns are not managed in the southern 
part of the Basin.  Exhibit A in the Program Element 8 Task Memorandum (on file and available from the 
Watermaster offices) shows the estimated losses from each local storage account, the cyclic storage 
account, and the Basin as a whole for the 20-year post-Judgment period of 1978 to 1997.  The total water 
lost from local storage accounts and cyclic storage for the 20-year period of 1978 through 1997 is about 
50,500 acre-ft.  If the water in these storage accounts is produced without accounting for the losses then 
the Basin will be overdrafted by an amount equal to the water lost from storage. 

Storage Limit Concepts 

Currently there is no existing aggregate limit for local storage accounts. Watermaster’s Uniform 
Groundwater Rules and Regulations (UGRR) contains an aggregate threshold storage value of 100,000 
acre-ft above which losses to rising water are to be computed and allocated to the storage parties on a pro 
rata basis.  The UGRR does not specify whether the loss is to be computed for the increment of storage 
above 100,000 acre-ft or total storage.  The 100,000 acre-ft threshold value is an arbitrary number.  Some 
loss will occur when water is placed into local storage.  Using 100,000 acre-ft as a threshold value ensures 
that up to 2,000 acre-ft/yr of unaccounted-for-losses from storage will occur every year.  This water will 
not be in the Basin when the storage parties attempt to recover the stored water.  If losses are not 
accounted for, then the Basin is not being operated in the safe yield mode as required by the Judgment.  
Therefore, regardless of how storage limits are set, Watermaster should deduct the rising water losses 
from planned storage for all local storage accounts and for the storage accounts of non-Judgment parties.  
There are several different ways to develop upper limits on the individual local storage accounts.  Some 
of these are described below. 

Limit based on the ability to use.  In this concept, an upper limit is based on the storage party’s ability 
to store and recover all the water in its account over a fixed period, say five years.  The storage party 
would have to demonstrate that it has enough production capacity to recover all the water in storage over 
a five-year period.  The fixed period would be the same for all storage parties.  In this concept, each 
storage party would have to demonstrate to Watermaster that they have the ability to put a specific 
volume of water into storage and be able to recover that water, adjusted for losses, over a fixed period of 
time.  Thus, the storage party will have the facilities in place for groundwater production.  This type of 
limit ensures that the water is put to a reasonable beneficial use.  For example, suppose an agency has 
Chino Basin production capacity of 25,000 acre-ft/year, an operating yield of 15,000 acre-ft/yr and the 
fixed period has been set at five years.  Then they would be allowed to put 50,000 acre-ft into its local 
storage account.  If an agency were to increase its Chino Basin production capacity then its local storage 
account limit could be increased by an amount equal to five times the increase in production capacity.  
The five-year period used above is arbitrary – Watermaster would need to determine the length of the 
fixed period. 

Arbitrary limits.  In discussions regarding storage limits in prior years, Watermaster considered setting 
storage limits based on a multiple of safe yield for overlying non-agricultural pool and a multiple of 
operating safe yield for the appropriative pool.  Parties that have historically over-produced and that will 
continue to over-produce may not ever be able to use such a local storage account.  Parties that under-
produce will fill their accounts and may hold water in these accounts for long periods of time and incur 
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large storage losses.  This has been the trend with the past operation of the local storage accounts.  Upper 
limits based on this concept are arbitrary and may not provide for reasonable beneficial use of Chino 
Basin water.  Storage limits based on a multiple of prior years production, an arbitrary volume equal for 
all parties, or any other arbitrary volume suffer from the same limitations. 

Limit based on time water is in storage.  In this concept, no volume limit would be set.  Water could 
not be kept in storage for more than some fixed period of time, say ten years, regardless of the amount of 
water in storage.  Water transferred from the local storage account for use by the storage party would be 
taken from the earliest water put into the local storage account.  The storage party would be required to 
recover a volume of groundwater from its local storage account, sell or transfer a similar volume to 
another party, or sell a similar volume to Watermaster in order to reduce the quantity in its storage 
account by an amount equal to the water stored prior to the fixed period less losses to rising water.  
Simply stated, unused water from the first year would either be used or sold to Watermaster or other 
producer in the eleventh year, unused water from the second year would either be used or sold in the 
twelfth year, and so on if a ten year time limit is used.  

Upper limit based on total storage and time water is in storage.  This is a composite of the ability to 
use and time in storage concepts.  In this case a volumetric upper limit would be set for each storage party 
based on the storage party's ability to store and recover water over a fixed period of time.  A time 
constraint would be added such that water would not be kept in storage more than some fixed period of 
time. 

In all the above storage limit concepts, the storage parties would sell their current year under-production 
to Watermaster or other parties to the Judgment each year that their local storage accounts are full.  
Watermaster, or parties to the Judgment, would then use this water to meet current replenishment 
obligations.      

Implementation of Local Storage Account Limits 

Watermaster’s UGRR presently require an initial determination of local storage requirements to be made.  
Watermaster then allocates this storage to members of the appropriative and overlying non-agricultural 
pools when specific parties make an application for a local storage agreement.  Watermaster must 
periodically review the status of the local storage accounts and adjust the local storage requirement as 
described in the UGRR.  While not explicitly described in the Judgment or UGRR, local storage account 
limits based on the ability to use, time in storage, or a composite of the two, are consistent with the 
Judgment and could be implemented with some changes in the UGRR. 

Local storage account limits based on the ability to use require that each agency make a determination of 
their Chino Basin groundwater production capacity and submit that finding to Watermaster.  Watermaster 
would determine the duration over which the volume in local storage accounts would be used.  Storage 
account limits for each storage party would be computed as: 

 
Storage Limit = duration of storage period * (Chino Basin production capacity 

 – average operating yield) 
 

The average operating yield would equal the average of previous years operating yield entitlements (e.g., 
five year average).  Watermaster could periodically, or upon petition by a storage party, review and adjust 
the storage limits. 
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Local storage account limits based on the time in storage require that Watermaster determine the time-in-
storage limit.  Watermaster could then go through production and local storage account records to 
determine if water must be either used or sold to Watermaster.  Local storage account limits based on the 
composite of the ability to use and time in storage require the implementation steps described for both 
concepts. 

Some storage parties may currently have more water in their local storage accounts than would be 
allowed in the storage limit concepts listed above.  In this case, the storage party would not be allowed to 
put water into their local storage accounts and under-production would be purchased by Watermaster. 

If, as a result of these storage limits, Watermaster is required to purchase more water than is required for 
replenishment, then either the storage party will be allowed to temporarily store additional water in its 
local storage account or Watermaster payments for that water may have to be temporarily deferred. 

Water in local storage accounts is used for replenishment of overdraft either by the producer’s that hold a 
local storage account, or is sold to other producers with replenishment obligations.  It is possible that 
Watermaster could fulfill all replenishment obligations exclusively from local storage accounts for several 
years. Watermaster should fulfill the need for replenishment from increased production with imported 
water for those areas that have a critical need for imported water and use the water stored in local storage 
accounts for the rest of the replenishment obligation. 

Storage Management Program 

Since 1995, the producers have developed numerous storage management proposals. This storage 
management program described here was developed in April and May of 1999 and differs from the 
previous proposals that sought to assign all the readily-useful storage in the Basin up among producers.  If 
successfully implemented, storage limits on individual storage accounts may not need to be considered by 
Watermaster.  The proposal described herein will allow: 

• Watermaster to develop conjunctive use programs that will benefit all the producers 
in the Basin; 

• ensure that Basin water and storage are put to maximum beneficial use; and  
• maintain the integrity of the Judgment. 

Definitions. Operational Storage Requirement – The operational storage requirement is the storage or 
volume in the Chino Basin that is necessary to maintain safe yield.  In the context of this storage 
management program, the operational storage is estimated to be about 5,300,000 acre-ft.  An engineering 
analysis will be done to assess the operational storage requirement of the Basin as part of the 
implementation of this program. 

Safe Storage – Safe storage is an estimate of the maximum storage in the Basin that will not cause 
significant water quality and high groundwater-related problems. In the context of this storage 
management program, the safe storage is estimated to be about 5,800,000 acre-ft. An engineering analysis 
will be done to assess the safe storage requirement of the Basin as part of the implementation this plan. 

Safe Storage Capacity – The safe storage capacity is the difference between safe storage and operational 
storage requirement and is the storage that could be safely used by producers and Watermaster for storage 
programs.  Based on the above, the safe storage capacity is about 500,000 acre-ft.  The allocation and use 
of storage in excess of safe storage will preemptively require mitigation, that is, mitigation must be 
defined and resources committed to mitigation prior to allocation and use. 
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Key Elements 

• No maximum storage limit will be placed on local storage accounts for a period of 
five years ending on June 30, 2004, and water that becomes eligible for storage can 
be stored. 

• The need for storage limits will be re-evaluated in five years based on the ability of 
the storing party to use the water in storage (ability to use concept) and on 
Watermaster’s need for storage programs that provide regional benefits. 

• Storage is not assignable. 

• All water in local storage and other storage accounts will incur losses at a rate of 2 
percent of water in storage each year starting in fiscal year 2002/03.  

• The storage loss rate and safe yield will be estimated in the year 2012/13 and every 
ten years thereafter. 

• Watermaster will develop regional conjunctive-use programs to store supplemental 
water for MWDSC and other entities that can cause supplemental water to be stored 
in the Basin.  

• The regional conjunctive-use programs will provide benefits to all producers in the 
Basin, the people of California and the nation.  Watermaster’s conjunctive-use 
programs will take priority over conjunctive-use programs developed by others. 

• Storage committed to conjunctive-use programs may consist of two parts, storage 
within the safe storage capacity and storage in excess of safe storage.  Storage in 
excess of safe storage capacity will preemptively require mitigation. 

• The initial target storage for Watermaster’s conjunctive-use program will be 150,000 
to 300,000 acre-ft within the safe storage capacity. 

• Cyclic storage will be folded into conjunctive-use storage. 

• Watermaster’s conjunctive-use program tentatively consists of the following 
elements: 
− complete the existing short term conjunctive-use project; 

− seasonal peaking program for in Basin use and dry year program to reduce the demand on 
Metropolitan to 10 percent of normal summer demand (requiring 150,000 acre-ft of 
storage);  

− dry-year export program; and 

− seasonal peaking export program. 

Re-determination of Safe Yield and Storage Loss Rates.  The safe yield and storage loss rate will be 
assessed every ten years starting in the year 2012/13.  The ten-year period of 2002/03 to 2011/12 will be 
used to compute the safe yield and to estimate the storage loss rate. 

Safe yield and storage loss rate determinations require accurate groundwater level and production data.  
Watermaster does not have accurate production data from agricultural producers.  Watermaster estimates 
most of the production in the agricultural pool using a water duty method that does not meet the 
requirements of the Judgment.  Program Element 1 of the OBMP includes a program to install meters and 
obtain production measurements from all wells in the Basin. It will take three years to fully meter all 
agricultural wells. Watermaster will have accurate production monitoring at all wells starting in year 
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2002/03.  Watermaster is in the process of developing a groundwater level monitoring program for the 
Basin.  This plan should be implemented in the year 1999/00. 

The safe yield in the Judgment was developed over the period 1965 to 1974 using the procedure described 
in Section 2 of the OBMP report.  The safe yield will be re-determined in year 2012/13 using the ten-year 
period 2002/03 to 2011/12 because it will contain accurate production data and groundwater level data.  A 
ten-year period is proposed to be consistent with the method used in the engineering work for the 
Judgment and is the minimum necessary to estimate a safe yield. 

Re-determination of the storage loss rate will require the use of a numerical flow model.  The RAM Tool 
developed by Watermaster will be modified and used for this purpose.  The model would be used as 
follows: 

• Calibrate the RAM tool for the safe yield period.  In the calibration process, the 
hydrology for the period 2002/03 to 2011/12 will be developed including deep 
percolation of applied water and precipitation, unmeasured storm water recharge, 
subsurface inflow from adjacent basins, and uncontrolled discharges from the Basin 
(rising water).   

• Once calibrated, the water supply plans of the producers and other storage entities 
will be modified to assume that no water would be put into storage accounts.  The 
model will be rerun with this assumption and the results would be compared to the 
calibration run to determine losses from storage and the storage loss rate.   

• The storage loss rate would be set based on the relationship of water in storage and 
associated losses. 

Watermaster’s new groundwater level and production monitoring are crucial to this effort. 

Implementation Actions and Schedule  

First Three Years (1999/00 to 2001/02).  The following actions will be completed in the first three years 
commencing fiscal year 1999/00: 

• Receive Court approval of OBMP. 
• Evaluate need to modify Watermaster UGRR to reflect the storage management plan. 
• Determine the operational storage requirement and safe storage.  

• Begin formal implementation of comprehensive monitoring programs described in 
Program Element 1 (including groundwater level, groundwater quality, production, 
and surface water monitoring in the Santa Ana River). 

• Complete the existing short-term conjunctive-use pilot project with MWDSC. 

• Conduct engineering and environmental analyses, other feasibility efforts, and 
negotiate agreements to: 

• implement a conjunctive-use program that includes seasonal peaking for in Basin use 
and dry year program to reduce the demand on MWDSC to 10 percent of normal 
summer in-Basin demand (requiring 150,000 acre-ft of storage); 

• implement a conjunctive-use program for dry-year export; and  
• implement a seasonal peaking program for export. 
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Years Four through Ten (2002/03 to 2008/09).  The following actions will be completed in years four 
through ten, commencing fiscal year 2002/03: 

•  Continue monitoring as described in Program Element 1. 

•  Begin construction of facilities to implement the conjunctive-use projects listed in 
years one through three, in year 2003/04. 

•  Commence conjunctive-use operations. 
•  Start assessing losses in year 2002/03. 

Years Eleven through Fifty (2009/10 to 2048/49). The following actions will be completed in years 
eleven through fifty, commencing fiscal year 2009/10: 

•  Continue monitoring as described in Program Element 1.  
•  Continue conjunctive-use operations. 

•  In year 2012/13, compute safe yield and storage loss rate for period 2002/03 through 
2011/12, and reset safe yield and storage loss rates for the next the next ten-year 
period 2012/13 to 2021/22. Reassess storage management plan and modify 
Watermaster UGRR, if needed. 

•  In year 2022/23, compute safe yield and storage loss rate for period 2012/13 through 
2021/22, and reset safe yield and storage loss rates for the next the next ten-year 
period 2022/23 to 2031/32. Reassess storage management plan and modify 
Watermaster UGRR, if needed. 

•  In year 2032/33, compute safe yield and storage loss rate for period 2022/23 through 
2031/32, and reset safe yield and storage loss rates for the next the next ten-year 
period 2042/43 to 2041/42. Reassess storage management plan and modify 
Watermaster UGRR, if needed. 

•  In year 2042/43, compute safe yield and storage loss rate for period 2032/33 through 
2041/42, and reset safe yield and storage loss rates for the next the next ten-year 
period 2052/53 to 2051/52. Reassess storage management plan and modify 
Watermaster UGRR, if needed. 

PROGRAM COST AND EARLY IMPLEMENTATION PLAN 

Table 4-14 contains a 20-year cost projection for implementation of the OBMP.  The 20-year cost of 
OBMP implementation is about $400,000,000.  The following program elements will be implemented 
entirely by Watermaster:  

• Program Element 1 – Develop and Implement Comprehensive Monitoring Program  

• Program Element 4 – Develop and Implement Comprehensive Groundwater 
Management Plan for Management Zone 1   

• Program Element 6 – Develop and Implement Cooperative Programs with the 
Regional Water Quality Control Board, Santa Ana Region (Regional Board) and 
Other Agencies to Improve Basin Management    

• Program Element 7 – Develop and Implement Salt Management Program   
• Program Element 8 – Develop and Implement Groundwater Storage Management 

Program   
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Watermaster has committed to fund these program elements in their entirety through Watermaster 
assessments and through grants obtained directly by Watermaster.  The Watermaster budget for fiscal 
1999-2000 provides funding necessary to begin the efforts described in these program elements.  The cost 
of the first three years is about $2,900,000 and average annual cost for the next 20 years is about 
$480,000. 

The following program elements will be started by Watermaster in fiscal 1999-2000 and will be 
completed by others by agreement with Watermaster: 

• Program Element 2 – Develop and Implement Comprehensive Recharge Program    

• Program Element 3 – Develop and Implement Water Supply Plan for the Impaired 
Areas of the Basin   

• Program Element 5 – Develop and Implement Regional Supplemental Water 
Program 

The Watermaster budget for fiscal 1999-2000 provides funding necessary to begin the planning processes 
for these program elements.  For Program Element 2, Watermaster’s projected budget includes funds for 
completion of Phases 2 and 3 of the recharge master plan of $430,000 to be spent in the first three years 
of OBMP implementation.  For Program Elements 3 and 5, the Watermaster budget contains funds to 
start the planning process and to define the scope of the facilities at enough detail so that agreements can 
be done for others to build and operate the facilities required in these program elements.  Watermaster has 
budgeted about $650,000 for this process over the first three years of OBMP implementation.  These 
agreements will be described in Part 2 of the OBMP report documents. 

The Watermaster budget includes funds to begin the planning process for Program Element 9 – Develop 
and Implement Conjunctive-Use Programs. Watermaster has budgeted about $430,000 for this process 
over the first three years of OBMP implementation.  The stakeholders envision that the cost of 
conjunctive use will be borne by outside interests that will store water in the Chino Basin. 

OBMP PROGRESS REPORTS AND PROGRAM UPDATES 

Watermaster will report progress on the OBMP in its annual report to the Court.  Watermaster will 
formally review and update the OBMP at a frequency of five years or less. 

LEGAL QUESTIONS AND ISSUES 

The Judgment prescribes the process by which the Watermaster Board receives recommendations from 
the producers and is empowered to make decisions.  To address the unresolved legal questions and issues 
identified below, the items will be brought to the individual pool committees for discussion and 
consideration.  The pools in turn will develop their positions and recommendations for discussion and 
consideration by the Advisory Committee.  The Advisory Committee will meet to discuss and consider 
the questions.  The Advisory Committee’s recommendations will be forwarded to the Watermaster Board 
for its consideration and implementation.  Should the Watermaster Board disagree with the Advisory 
Committee recommendation, it has several options based on the Judgment and past practice.  These 
options are: 

If the Advisory Committee vote is equal to or greater than 80 percent: 

1. Ask the Advisory Committee to reconsider the question based on a Board 
recommendation. 
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2. If the Advisory Committee does not wish to reconsider the matter, the 
Watermaster Board may ask the Court to consider the matter. 

If the Advisory Committee vote is less than 80 percent: 

1. Hold a hearing on the matter and develop written findings and conclusions. 

During implementation of the OBMP, all unresolved legal questions and issues listed below will be 
addressed through the process described above.  A schedule to address these items will be developed, and 
Watermaster will prepare written findings and conclusions to be submitted to the Court as part of the 
implementation process.  This will be done regardless of the Advisory Committee vote or Watermaster 
findings and conclusions in an effort to more effectively keep the Court apprised of the OBMP 
implementation progress.   

Watermaster recommends this manner of addressing legal questions and issues pursuant to the Judgment 
and in keeping with the Plaintiff’s Post Trial Memorandum filed with the Court on July 12, 1978.  At 
4:13-20 in Paragraph B. 2. Watermaster Organization and Powers, of the Post Trial Memorandum it 
states: 

“At the same time, the Watermaster Advisory Committee was created and given broad 
powers to review, advise and consent to the actions of the Watermaster, subject to more 
detailed actions by the pool committees formed to advise, consent and administer the 
affairs of the several pools established under the Physical Solution.  In these many 
provisions, there is a balance created to assure the protection of the private rights of the 
parties and the general public interest in the preservation of the resource. (emphasis 
added).” 

The process described above will be used to address the legal questions and issues listed below. 

• Transfers of water within and from the overlying non-agricultural pool 
• Clarification and/or expansion of definitions of types of water in Judgment 
• Evaluation of Judgment provisions and rules and regulations affected by the OBMP 

These questions and issues will be resolved in the first three years of the OBMP implementation. 
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Other Water Rights Information and Agreements  

 
These items are being provided on compact disc. 
 

 Big Bear Judgment (San Bernardino Valley Municipal Water District v. Big Bear 
Municipal Water District; City of Big Bear Lake; Big Bear Community Services 
District, Case No. 268619) 

 Lytle Creek Judgment (City of San Bernardino v. Fontana Water Co. et al.) 
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"City:of San Bernardino vs. Fontana
$/ater Co. et al."

JUDGMENT

Recoided in Book 829, Page 293 of Deeds, San
I Bern"rdino Count5r Record¡



1:

5
'¡-{

¿

,t

ìt

Ì:.:

Iø the:;Suþerìor C ourt o tlte Støte of C øIi'f ornia
in iand for the County pf Son B ernard'ino

CITY O-F SAN BERNARDINO,
a municipial corporation,

v5.

Judgment

FONTAÑA WATËR COMPANY, a corpor-
ation, FONTANA UNION WATËR COM-
PANY, a corPoration, FONTANA POWER
COMPA.NY, a corporation, FONTAN'.\
FARMS;COMPANY,, a corporation, FON-
TANA COMPANY, a corPoration, LYTLÉ
CRÊËK WATËR. AND IMPROVI1MENT
COMPANY, a corPoration, CITIZENS
LAND AND WÄTÉR COMPANY OF

BLOOMINGTON, a corPoration, RIVER-
SIDË HIGHLA.ND WATER COX'IPANY,
a corpòration, RANCHERIA WATER
COMPANY, a cor,poration, I.IUTUAL
LAND Aì.ID WATËR COMPANY OF
RIALTO, a corPoration, TER.RACE
WATER COMPANY, a corPoration' THË
GAGE CANAL COMPANY, a corPoration,

RIV ERS I D E TRUST COMPANY'
LIMITED, a corPoration, RIVIiRSIDÊ

Plaintif ,

No.
17030



ORANGE COMP,A.NY, TIMIT{D, a corPor-
ation, CITY OF COLTON, a niurrieþal cor-
poration, GATE CITY iCE AND PRE-
COOLING COMPANY, a corporation, COL-
TON CITY WATER COMPANY, a corPo-

ration, MËEKS AND DALEY \¡/ATËR
COMPANY, a corpof,ation, FONTANA
LAND COMPANY, a corporation, -IOHN-
HUB W,A.TËR COMPANY. a corPoration,
FONTANA DEVELOP\TENT COM-
PANY, a co¡poration, NOIìTII COLTON
WATER COMPANY, â corpofãtion, L'A.W-
SON WËLL COMPANY, a co¡poration,
ALTA VISTA WATER COi\{PANY, a cor-
poration, CLARA VISTA WA'ItiR \:OI\{-
PANY, a corporation, ORCIIARD
MUTUAL WATER COMPANY' a corPo¡:a*

tion, EAST RMRSIDË WÀTËR COM-
PANY, a corporation, JAMËS BÄRNHILL'
JOHN DOË, RICHARD ROE SA
BLACK, JOE WHiTE, SAM \MHITE'
CHARLES WHITÉ, TOM BROWN,
SARAH BROWN, CHÀRLES BROWN,
MARY BROWN, CHARLES LOW a¡d

JOHN LOW, and RIALTO DOMÉSTIC
WATER COMPANY, a corPoration,

Def endants

WHEREAS there has been ñled in this action a stip-

ulation f or judgment, duly executed by and on the part

of the plaintiff above named and by and on the part of
each and all of the following named defendants in this

action, to-wit: Fontana lVater Company, a corporation;



Fontana U:jiion \Mate¡'Compan¡ 4 corporation; .F'cn-

tânã Por¡/e¡: .CÞmpany, a çorpo¡qtion, Fontana Farms

Compan¡¡, a corpgratio¡t; Fontåna Land Coinpany, a

coiporatiqn, Lytle Creek Water and 'Improv-ernent

Coã¡aoy, a corporation; Citizens La¡d and Water

Cornpany of Bloomington' a corporation ; Riversitle
Higþlanà 'Water Compeny, a corporation ; Rancheria
'Wãter Comp z¡äy ' a eo¡po::ation; Mutual Land and

Water Cornpany of Rialto, a corporation ; Terrace

Water Company, a corporatjon; City of Colton, a muni-

cipal. corporation; Rialto Domestic Mlater Company; a

corporation.; and James Barnhill (said Barnhill being

er'roneousl¡I .sued herein¡ under the name of :'W, W'
Barnhill"),

NOW THEREFORË, by reason of said stipulation'
end pursúant to the terms and provisions thereof,

IT IS.HE,REBY ORDERËD. ADJUDGED AND
DËCRËED by the Çorirt as follows:

I.

This action is hereby dismissed as to each and all of

the defendants, other than those above named as parties

to said stipulation; and each and a1i cross-complaints

or cross-actions, filed or pending by or betrveen any of
the parties to said stipulation, above named are dis-

missed.
II.

As between the plaintiff and each and all of the

defendants, above named, as parties to said stipulation,

and as to each and all of said defendants as between

themselves, excepting as set forth in Paragraph XXI
hereof, it is further

ADJUDGED AND DËCREËD, as follorvs:
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That an inch of wáter, as lhe term is used hereín,

shall mean such quantity of water, in continuous flow,

as will supply one-6ftieth part of a cubic foot of water

per second of time.

IV.

That from time immemôrial, there has flowed, and

now flows, in Lytle Creek Canyon, in San Bernardino

County, California, a natural strean, knÓwn as "Lytle
Creek;" and there exists below the mouth of said can-

yon, a certain pressure pipe line, belonging to said

Þo*e, Company, and the cement intake diverting water

into said, pipe line, is situate on the west side of said

stream, very neer the mouth of said'canyon, and at a
distance of about 1662 Leet north of a point in the north

boundary of the Muscupiabe Rancho, between stalions

48 and 49 thereof, where said boundary intersects the

center line of Riverside -Avenue, as delineated on the

map shorving subdivision of the lands of the Semi-

Trópic Land and Water Company, ( said location of

said intake having been sometimes heretofore erron-

eously designated in the pleadings herein anrl elsewhere,

as being about 237 5 feet north of said point of inter-

section), said Map being recorded in the office of the

County Recorder of said County, in Book 6 of Maps,

pege 12 thereof ; and said Power Company, for 'more

ih*.t fi"" years last past, has been and now is diverting

from said creek, at said intake, by means of said pipe

line, the waters crJ said Creek, flowing at said intake

not exceediig 3000 inches, and is conducting said waters

to the porver house of said Power Company, sítuated

on Fa¡m Lot 66, designated on said Map, which wateÍs,

4
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upon being disclrarged from :said Power }Iouse, belorig

to and are distributed to sundry parties, fÓr tlieir use,

in prqpo¡tion to th.qir rights and :inter,ests therei¡-
V.

That in tJre Sa¡r Bernardino Valley in said County,

there eiísts, and lies helor¡r', ãnd to the southeast of the

moúih of said canyon, ar ãree of land herein designated

as "Lytle Creek Region" which,, for the purposes of this

decree, is defined and described as follows:
Commencing at a point in the center line of Mill

Street, in the City of San Bernar<1i.no, in said Cou4ty¡

situate 300 feet east of the center line of ML Vernon
.Âvenue;. thence ngrth 400 f eet; thence west to the

center line of Mt. Vernon Avenue; thence running north
along the center line of \ilt. Vernon Avenue, to the

intersection thereof rvith th.e center line of Fourth
Street, (said,street being iclentical rvith Foothill Boule-

vard); thence running rvest along the center line of
Fourth Street, to a point where the center line of Foutth
Street wotrld intersect the center Iine of Muscott

Avenue, if sajd Avenue rvere extcnded south; thence

runni.ng no¡th to the point of intersection of center line

of Muscott Avenue rvith center linc of Base Line;
thence ntnning west along center line of Base Line, to
the southeast corner of Section 31, Tou'nship 1 North'
Range 4 \['est, S. B. B. & M-; thence rutrning north to
the southrvesterly boundary of the right of way of
Atchison, Topeka and Santa Fe Railnvay Company (on

rvhich right of way are located the main railroad tracks

ol said Railroad Corapany, rutrníng from said City,
through Cajon Pass); thence following along said
.south'',r'esterly boundary of said right of way, to the

point of intersection thereof, rvith the State Highway
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at Verdemont; thence following said Highway to the

point of intersection thereof,. with the noith line' of

bo*"rfrip 1 North, Range d West, San Bernatdino

.Base anå Meridian; thence: ruti¡ing wes! alqng the

north line of Township 1 North, Range 5 'West, San

Bernardino Base and Meridrarr, to the northwest corner

of said last mentioned township; 'therrce running souih-

easterly to a point situate five feet eâst of the most east-

erly point of laid intáke of said pipe line of'said Power

Co*p""y, thence running southeastêrly and following

,rpon .ttã along a. line paralle'l with the east side of that

cårtain ..-"ot canal, formerly known as the "Semi-

Tropic Canal" (the intake of which canal is identical

*ith said intake oJ said pipe linê), and at all poinis

five feet distant in a northeesterly direciion from the

east side of said Canal, to a point where said line would

intersect the north"vesterly line o{ Fárm Lot 68, desig-

nated on sâid Map, if said northrvesterly line of said

Lot were projecteá southrvest; thence along said- north-

westerly line of said Lot, to the foot of the ridge or

blutr known as the "Rialto Benih," thence running

southeasterly along the foot of said biufi, to a point

rvhere the fáot of said blufi inte¡sects the center line of

said \{ill Street; running thence east, along the center

line of Mjll Street, to the place of beginning'

VI.

That whenever there shall be discharge from said

Porver House, surplus water in excess o{ the quantity

at the time required to satisfy the domestic and irriga-

tion neecls of the respective parties, entiiled to receive

ancl use water discharged from said Power House' a1l

of such surplus ìÀ'ater, so clischarged, shall be used for
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rßplcüfisãft$ eha indergrouqd water aE¡¡rces of saið

l,yUqæru&nsgËor¡, avrd ts t1¡at erid, sh-Éll be delive¡red

b! <aiù Fourer rCo$pan¡ to andtrpon tÌæ,w-e¡h o{ s$d
Lytle Gree*' by a ie'arerit cimduig at r:he highest pciat

ro tSÊ wÄttu'tfy tnargfn of said rry+'sh, to wkich such

ryatêr,: ün leasonabl.y be co.ndtrcted by gravity flow

frorr eaid Fo+¡¡er IIggse. Such replenishrr¡enù work'

as itp TåE w.giêr so deiitereil upor¡l said wastr, shall be

;l"rfotirø ïi¡itÌÊr the supervisio¡r and dirèctio¡ o{ the

Coirrnittee hereirrafter mentioned.

VII.

ift"t 
"ll 

waær flowing a! said intake of said pipe line

of sald Foyer Company, betweeii the 15th day of
be""*ben ånd the i5*t u"y of t,he next sgqceçdlng

nonth of April, of each year hereafter elapsing shail

bp dìverted,and applied .in the manner and in accorrlanee

wìth the pi.'iorities hereinaJter set forth, 
^to-wit 

I 
.

Fi¡st: 
- 
T.o slipply to said pþ line 2000 inches of

1v€tçrJ gr slrcl .large,r' quantity as rnay,. at the tinre, he

required :rnd taken for immediate use fo¡ irrigation or

cloinestiÊ. purÞoses, by ihe parties entitled to receive

and use ,waler discharged from said F.ower Hotlst:, ¡ot
crtcepdìng ihe extent of their respecËive rights to such

\^¡ater.
Sccond : To supply additional Ìvater to said pipe lir're'

to the extene of an aggregate amount of 3000 inches'

(inclusive of the water specifred in the next preceding

subdivision "First"), except and provided that all or

any pârt of such aclclitional water shall be allorved to

no* past said intake, into the wash or channel of sairl

".".i fo. reBlenishing the underground rvater of saitl



Region, r+r-Ìreadv,eF ,Êd re4restÊd in .r'v¡i¡iqsårtl¡Ë sat{{

1n:r[rouarent Cþinp*D¡¡, one-ePt d¡¡{tùg tx;l¡,}aü*i
(a) )Vhen the quanlitr of 'wtter flowlngi in- said

creek at said íntake, es<ceeda 4O(Ð;inghÊis, iB, R¡bicfù evGût

such exqëss r¡¡atsr lnay ba dlye¡teê tlt*o.ug'å' riaiå 1rípn

Iine, until the totcl quaa-tiþ of, rni tet:, ¡li¡¡e.$etl flrere:
thr.ough, ãrr Fünts to 2ft0 inehês, or '

(U) I'fte lhé qmotity of \¡ûtsrt flawing isr sa{d

eredk¡ at sa,id ir'¡take qxceerls 5ffi0 ínúe¡; irl +1iÍc-h

event, s{¡ch ¡sxegss wate¡: may bn diverfsd thro-r$h gaid'

gipe liner qr,ÌtíI the total qu¿lùtíty pf rvate. r¡ dìvei*ed;

'therethrough, amouits to 3000 inches'

Third: Âil water, so permitted to p.ass srid t. oøkg'
shall be used' as far as reásooably practÎc4ble, for rè-

plenishing the undergtourid rvaler cone¿ii¡ed ìn the en-

tir. ar.a of the Lytle Creek \lfash, sÍttate bdlo¡v sai<l

intake, provided tìat at ali tinìes, sb dãì' as is reasonr'

abìy prae ticable, the uppel porfion. of 'sai.d wasli shàll

be so replenished rvi,ih lvater .until ho more -rvâter can

be. sunlc ihe¡rein, hefore suEh replen'ishment is perforrneel

ón the portiön of said wash lying scnih of 
. 
Elíghfar¡d

A',o"nue, or lying east of the west. bouqdary of the lands

in said Region now orvned. by the lVtrusioy lfo"'l¡'ter Corn-

pany.
Fourth: If, at the end of fir'e years, from date here-

of, said Improvement Company or iheir sriecesSors in

interest, decide that the water producing capacity of
rvclls, Siruate soutlì of an east a¡d west line drawlr

through said Porver l{ouse, an<1 north of said Flíghland

Avenue, would be'benefited and increased by contluctilg
at saicl intake, ìnto said pipe line, a quantity o{ watcr

not exceeding 3000 inches, then and in that evellt' a1l

of the water flowing at said intake, shall at all times
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thereafter, be turned into said pipe line, 'to the extent

of said 3000 inches, instead of permitting a port'ion of
such 'ryateri to flow past said irltake, as aforesaiil, and

at said Power House, all surplus water, in excess of the

quantity at the time required to meet the then require-

ment. ãt the rcspective parties, entitlçd to receive ¿nd

use. water tlischarged from said Fower üousc, shall be

used in accordance with, and be subject to the provisions

of Paragraph VI hereof'

VII-a

That no water shall ever be conducted by âny party

hereto, from that cetain tract of land, situated in said

San Bernardino County, described as follo*'s:
Seginning at.a point on the center line of heréinbefore

menti,oned Muscott A.venuq said point being situate

one-half mile north of said Base T-ine; running tltence

souih to the center line of said Fourth Street; running

tiencé west, along said center line of Fourth Street, to

the point of intersection thereof with the celrter line of

tfre right of way, for electrical transmission line, of

Southãrn $ierras Power Company; running thence

northweSterly along said center line of saicl right of

ìvay, to a point whire said center line of saicl right of
wtl *oulá intersect a line drawn due west .frorn 

said

poínt of beginning; thence running east to said point of

beginning.
VlII.

That in order to conserve' in the most economical and

effectual method, all waters which, under the provisions

hereof, are from time to time to be used for replenish-

ing the underground water sources of sai<1 Region, and

alJo, for further replenishing the undergrounrl water
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supply of said Region, to co¡servg sQ fâ¡ as may be

r."ro""Uly practicãble, the surpltt.s, or floocl t'atefs' of.

streams or cariyons tfibutary to slitl Regioil, a 
- 
com-

mittee sI frv. p..son¡ shal! annùally' be aBpoirrted in the

month of September of eàch year, rvhich cornnrittee shall

have full charge and direction of srrcb r¡/ate-r consei':va-

tion work, and of all expenditures relarins thereto' pro'

',ri¿"d a¡"r, in case of disagr'eement or difierence of

opinion, the porver of such committee shall be exer-

cised by coicurrence of a majority of its rnembers'

One of the members of said coimìlittee shali be so ap-

pointed by said trmprovemeut Cornpany ; one by said

ðitir"n. inrnp.tty; one by said Union Water Company'

one by said Mutual Company, Ranclieria Watè¡ Com-

pany, Riverside Company and said Cíty of San Bernar'

äi"ã; ""¿ 
one by said Terrace \Yater Company' James

S..nhitt and Ciiy of Colton, a'nd each sf said members

shall serve for one year, and until his successor is ap'

pointed and no member of said committee shall receive

"rry.or.,p.tr"t'ion 
for serving ther'eon' 

-Vacancies 
on

,"íd 
"o*Lit,.e 

shall also be filled by appoirrtment' to be

made in like manner as aforesaid, by the party or parties

which made the appointment Òf the mqmber whose place

so becomes uacant, 
"nd 

any person appointed to frll such

vacancies shall fill out the unexpired term of his prede-

cessor. Subject to the provisions hereof' said committee

is hereby authorired to, {rom time to time' install any

ruater c-onseruation rvorks, including the construction

of dams, ditches, cuts, obstructions, and shafts on land

in saìd Lytle Creek Wash, lying north of Fou¡th. Street'

fr.ia .ti..t being identical with Foothill Boulevard)

ì.,d also in and along any canyon, the rvaters of which

are tribttlary to said Region, ancl lake all other steps'

10
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as in its unconirolled discretion may be deèmed ex-
pedie¡t, ,14 order ts,accqmplish the underground con-
Sêrvation Of Such v¿ater.s, provided that nothing hereín
shall be constiued as àuthorizing said committee to
trespass upon the proper¡y.or rights of any party or to
do a.ny act that would inf.ri.nge upon or impair or in-
terfer.e with the righr .of .aùy party to the use of any
v/ater to whiih such party shall be entitled- The ex-
ge¡se of installing sueh system and maintaining the
same, and carrying on said work of water conservation,
,.shall b;e'bor:ne,and paid, subj ect to the provisions hereof,
by the Fontana Cor.npanies, Ci.tizens Company, River-
side Company, fmptovement Company, Mutual Com-
pan¡,, 'Ranchetia Water Company,. Rialto bornestic
Water Compan¡¡, City o{ Colton, City of San Bernar-
dino, Terrace Water Company, and James Barnhill, in
the same proportions .that the maximum quantity of
rvater which each of said eleven. parties (or group of
parties), is allotted lrereunder, the right to pump from
said l{egion, bears to the aggregate maximum quantity
'of watêr which all of said parties are alloted hereunder
the right to pump from said Region, provided that in
the. event of any other person or corporation joining in
said conservation work, and paying a proportion of the
expense thereof, the proportions of said expense to be
borne by said parties, as hereinbefore set forth, shall
be correspondingly and equitably reduced. Said com-
mittee, in the month of October of each year, and from
time to time thereafter, as they may deem proper, shall
make an estimate of the amount of money at the time
required to be paid to said committee by said eleven
parties hereto above naméd, in order to meet the ex-
pense for conservation work as aforesaid, at the

11
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time being undertaken, or in contemplation by said

committee.
Said committee shall thereupån present to each of

said eler',en parties, a bill for the proportionate amount

so to l¡e paid by such:party, and if any party shall fail
to pay such bill, within thirty days afier it shall be so

presente<l to such paity, then said committee may bring,

and it shall be its duty to bring, suit against suçh party

for the amount of suih bill, together rvith costs, includ-

ing a reasonable attorneys' fee to be fixed by the court

in which such suit shall be bror-rght.

Any and all lancls, orvned by any of said speciñerl

parties rvho are to bear the expense of said conserva-

iion uuork as aforesaid, situate in said Lytle Creek

Region, ancl lying north of said "Fourth Street," and

noi suit.ble for the grorving of crops thereon, may be

nsed at any and all times for spreading lvater thereon'

and sinking and conserving rvater therein, by means of
dams, obsLuctious, ditches, cuts and shafts, or by

taking such other steps as may be deemed e-xpedient by

said committee, provided holvever, that such $'ater con-

servation lvork shall lrot be done in such a manuer as to

injure or interfere rvith the use of any pumping plant'

structure or other improvement, situate on any land

where such work is Performed.

tx.
That the maximu¡n quantity of water which said

plaintiff, City of San Bernardino, shall be, and i's en-

iitl.d to taksfrom said Region, and use beyond the con-

fines thereof, is such quantity of water, which when

added to the rvater said plainti{I ís entitled to have de-

livered to it, from said Lytle Creek, 'n'ill amount in the

t2



aggregate, (inclusive of said Lytle Creek 
-Water) tq

¡25 inch¿s of lvâter, and said llaintiff shall not be en-

titled to diver:t¡ at any time' Ïrom said Region, an

ãmoúnt of water iri exceSs of said 325 inches. Of said

quantity of water, 225 inches and no mqre may be

jo-peå or diverted from that certain tract of land in
said Regron, cgmprìsing 10.09 acrès, and foitiing a part

of tract kirown às the "McKenaie Tract" (said tr.act of
10.09 acres being more particularly desc¡ibed in that

certain deed running from \4/illiam l. McKenzie, and

othèrs, to said plaintifi, ¿nd reiorded in Book 109 of
Deeds, at page 303 thereof, in the office of the County

Recordèr'oI said San Bernar-dino County); anel'none of
saìd 275 inphes shall ever be divertecl by plaintiff from

a4y other portion of said Region.

Said plaintiff is also the owner of the righ¡ to take,

divert and use water from that portion of the San Ber-

narclino Valley, lying east of the easterly boundary line

of said Lytle Creek Region and east of a line begrnning

at the point of inlersection of the State Highway with

the south boundary line of Section 34, Township 2

North, Rar-rge 5 West, S. B. B. & M-, ancl running thenc'e

to the northwest corner of said Section 34, and north of
the center line of Mill Street, extencled east to Sterlìng

Avenue, and from strearns tributary to said portion of
said valley, situate in said portion of said valley, either

frorn the surface flow of such strcams, or from wells

bored or ro be bored in saicl portìon of said valley, to

such extent as may be reasonably necessary to supply

the needs of said city and its inhabitants with water f<¡r

supplying needs ancl purposes within said City' The

right of said plaintiff to take water from the surface

flo.v of Lytle Creek, to the extetrt of 100 inches, shall

l3
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not be affected or dirninished by any claims of the !.on-

tana Cornpanies, or any of them to salv4ge water¡ by

reason of any rvâter of. Lytle Cleek being conducted or
conveye<l i.n or through pipe lines, o¡ conrluits of any

kind.

X.

That, subject to tþe pr.ovisions of this par'agraph, the

maximum quantitv of, rvater rvhiih said Rialto f)omestic
\\.'ater Company shail be, and ìs entitletl to tálie from
said Region and u.se beyoncl ¡he con6t¡es thereof, is such

quantity of Nater rvhich, rvhen added to tire water said

Conrpany is eutitled to have delivered to it f¡orn said

Lytle Creek, rvill atnount ìn the aggregate' (inclusive of
said Lytle Creek \\iater) ro 743 -22 inches of v/ater, ând

said Company shall not be entitled. to divert, at any

time from said Règion, an amouflt of rvater in excess of
.saicl quantíty hereinbefore in this paragraph specifled-

Of said quantity of n'ater, 100 inches and no more may

be pumperì frorn saicì Region by said Company, pro-

tided that :

(a) None of said 100 irrches of rvater shall be taken

frorn any rvell or water developtnent situate south of a
line located parallel lo, and situate three'fourths of a

mile north of, Highland Alenue.
(b) The right of sai<l Cornpany to so punlP and take

said one hundred inches of rvater, shall be exercised

onll. ¡o such extent as shall be necessary to supply the

Cit;' of Rialto, and the inhabitants thereof, rvìth water
for municipal arrd'dotnestic uses and Purposes, and for
the irrigatiorr of flos'ers, trees and larvns, rvithin saicl

City, and thcn only cluring such times as lhe 43 '22
inchcs of u'ater ( rtol' supplied by said Cornpany to the

1+



i¡habita¡ts of taid C-itv) is 'inadequate, o¡ unsuita-bl:e

for such pulPoses oÍ' uses.

(c) Ñän.: of said 100 inchet of wåter shall, at any

tim.; ¡e use-d outside of the now, or hereafter exìsting

corporate limìts of said City of Rialto, except to the ex-

t"ni thtt said 43.22 inches is norv being used outside

eaid Citn
(d) Ño$ingin.this Paragraph X contained shall be

construed as' vesting in said Company the right to take

any portion 'oi.s¿id 
100 inches of wa'ter from any well

or watet development, without the consent of the owner

of the larrd on which such well or rvater development

is situated.
(e) The right to pump and take said 100 inches of

-"i.. fto* said. region shall be exercised only in the

et,ent such right shall be transferred to the City of
Rialto.

(f) The water derived from saìd 100 inches rvater

.ight, othet than lvater suBplierl for ñre hydrants,

"Ã'"rr, stores and buildings, not used for dwellings'

shall not he furnished to the inhabitants of said City of

Rialto, except thrôugh meters and when charged for at

meter rates.

XI.

That the maximum quantiiy of water which said Im-

provement Company shail be, and is entitled to tâke

irom said Region, and use beyond the confines thereof'

is, such q,r.t tity of water, whìch when added to the

water saiã Company is entitled to lrave delivered to it
f rom said Lytle Creek, will amount in the aggregate

(inclusive oi said Lytle Creek \\¡ater), to 1026'23

inches, and said lmprovemet.rt Conrpany shall not be en-
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titled to düert àt any time, from said Region, an

amount of v/ater in excess of said quantity in this para-

graph hereinbefore specified. tOf said quantity of
irt.r, ottly 700 inches rnay be pumPed and diverted

from said Region, by said Improvement Co:npany, ex-

cepl during such periods when the quàntity of water

saìd Company is deriving from said L¡rtle Creeþ is

temporarily reducecl to a quantity of less than 326'23

inclies, during rvhich periods adtlitional water may be

pumped and diverted from said Region by said Com-

pany, but only to an extent sufficient to supply such de-

6ciency of said Lytle Creek Water, and only so long as

such ãeficiency continues. Said pumping of qaid 700

inches of water by said Lnprovement Company sl-rall

be confined to the Ferguson Ranch, (saÌd Ranch being

the real pr-operty desc¡ibed in that certain deed, dated

November 20th, 1908, and executed by Fontana De-

velopment Company, and recorded in the office of the

County Recorcler of said San Bernardino County, in
Book 429 of Deeds, page 103 thereof), and said Com-

pany is not entitled lo pump any rvatêr from any other

part of said Region.

XIi.

That the maximum quantity of water, 'rvhich said

Mutual Company shall be, and is entitled to take and

conduct from said Region, and use beyond the conÂnes

thereof, is 125 inches of water, and said Mutual Com-

pany shall not be entitled to divert at any time, from

said R.gion, an ainount of rvater in excess of said 125

inches, all of vvhich saicl quanlity of water rnay be

pumped by said Company f rom said Region, but all

of said water shall be taken from welis, or water de-
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vèlopments s.ituate south of Highland Avenug; '¿¡¡d

north of Base Line. 
r

XIII.

That the mâximum quantity of water which said

Riverside Company shall be, and is entitled to take from
said. Region, and usg beyond the confines thereof, is 450

inçhes of u,aier, and said Riverside Company shall not

be entitled to divert at any time, from said Regioq, an

ãri1ouút of rvater in excess of said 450 inches, all of
which sai:d quantity of water may be pumped Õr di-

verted by said Company f¡om said Region, but all of
saiil water shall be taken from wells or water'develop-
ments situate south of Highland Avenue, and norih of
Base, Line.

XIV.

That the maximum quantity of water whieh said

Ra¡cheria W:ater Company shall be, and is entitled to
take from said Region, and use beyond the confines

thereof, is 120 inches of water, and said Company shall
¡ot be entitled to divert at any time from said Region,

an amount of water in excess of 120 inches, all of which

said quantity of water may be pumped or diverted by

said Company frorn said Region, but all of said water

shall be taken from wells or water developments, situatc

south of Flighland Avenue, and north of said Fourth

Street.

XV.

That the maximum quantity of water which said

Citizens Company shall be, and is entitled to take from
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said Region, and use beyond the corlfrnes thereof, is

i¡OO itt.tt". of v,,¡atèr, and said Citizens Company shall

not be eqtitled to divert, at any tilne, f¡om said Region,

an ainount of water in excess of said 1300 inches, all

of rvhich said quantity oJ water may be pumped or

diverted by said Company from said Region, provided

that:
(a) No more than 200 inches shâll ever be diverted

or pumped by said Citizens Company, from that part of
s"icl Fergusoo Ranch specified in that cer'tain deed, ex-

ecuted by the Semi-Tropíc Land and trVater Company'

to the iialto Irrigation District, and recorded in the

office of the County Recorder of said Sa¡ Ber¡ardino
County, in Book 187 of Deeds, at page 213 thereof, and

(b) No more than 585 inches shall ever be diverted

from said Region by said Citizens Company, from the

northeast quarter of Section 36, Torvnship 1 North,

Range -( 1Ä'est, S. B. B. & M', and

( ð No more than 150 inches shall ever be diverted

or pumped by said Citizens Company, from that cer-

tain tract of land, situate in said Region, described as

follorvs, to-rvii :

Commencing at a point on the Base Line two thou'

saucl and fifty feet east of the southwest corner of

Torvnship I North, Range 4 West, San Bernardino

B"r. 
"nã 

Nferidian, and running thence due east 250

{eet; thence north 14 degrees west, 344 feet; thence

norLh 24 clegrees 10 minutes West, 839 7 feet; thence

north 39 clegrees, 56 minutes rvest, 1096 feet; thence

dtte west 674 feet; thence sottth B degrees, 20 rnìnutes

east, 500 fect; thence south 34 degrees, 15 minutes east'

1119 feet; thence south 58 degrees, 35 minutes east'

gg8-7 /10 feet, to the place of beginning'

18



(d) .None of the rernaining quantity of said 1300

inches of water' shall ér'er be diverted or pumped by

sairl Citizens Company; from ahy lands in said Region'

iying,ro the nolth of Base Line, but nothing herein co¡-

taini¿ s¡elt be co-nstrued as obligatilrg said Ciiizens

Cornpê.4Ï, to dir¡ert any specific quantity of rvater f rotn

lands lying nortli, of Base Line, to the end tl:at any

quantity of lveter may be divertecl by said Company,

frorn lands in said ltegion lying south of Base Line, so

long as ,sùch. quantity', rvhen added to the quantity of
rvater which said Company may be then contempor-

aneously taking from sai.d Region, frorn lands north of
Sase ,l,ine, s.þa1! ngt exceecl in the aggregate, s3id max'
imtrm q.uanti ty of 1300 inches of water ; pt'ovided hsw-
ever, that in the event of said Conrpany diverting at

any . tìme f rom sai<1 Region, a total quantity of water,
exceeditrg [100 inches, then all of such excess lvater

shall be taken by saicl Company frorn lands in said

Region lying south of a linc drau'n parallel to, arrcl

situate 2500 feet south of Base I-ine.
( e) Said Citizens Company shall never be eniitìecl

to divert a y wâter from that certailr lract of la¡id

situate in said Region, and described as follorvs:
Beginning' ai tlre sorttireast corlìer of the northeast

quarter of lhe northeast quarter of Section 36, Torvn-

ship 1 North, Range 5 \\'est, Sar-r BcrnarrJino Base and

l4eridian; rttnning thence rvest, i 1.89 chains to e post,

thence north 3 degrees 10 r¡inutes ivest, 20 chains to a

Post on the north line of said Section, thence east 1

chain, thence south .32 degrees ea.st, B-32 chains to a

post; thence south 2 clegrces u'est,2-06 chains to a post;

thence south 54 degrecs east, 4.59 chains to a post;

thence south 83 degrees east, 4.'10 chains to the east litie
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of said Section, thence south 8-zE chains to the place of
beginning.

XVI. r

The maximurn quantity of water which James Barn-

hill (sued herein under the ,erroneus name of "W. \tr/.
Barnhitl"), shall be, and is entitled to tako l¡om said

Region, and use þeyond the conñnes thereof, is seventy-

five inches of water and said Barnhill shall noi be en-

titled to divert, at any time, from said R.egion, an

amount of r,vater in excess of said 75 inches, all of which
said quantity of water may be pumped by him from said

Region, but all of said water shall be taken from wells,

or weter clevelopments, situate sotth of thg 'existing
right of way of Atchison, Topeka and Santa Fe Rail-
way Company (on which said right af. way are located

the rail¡oad trect.s extending from said City of San

Bernardino, to the City of Rialto), and north of said
'IVf ill Street.

XVII.
That the maximum quantity of water, which said

Terrace Water Cornpany shall be, and is entitled to iake
lrom said Region, and use beyond the confines thereof,
is 150 inches of ',r'ater, and said Terrace Water Com-
pany shall not be entitled to divert, at any time, from
said Region, an amount of water in excess of said 150

inches, but all of saicl water shall be taken from wells

or water developmenls, bituate south of said right of
rvay of said Railrvay Company nrentioned in the next
preceding paragraph hereof, and north of said Mill
Street. All of said water nray be pumped.

XVIII.
That the maximum quantity of water which said

City of Colton shall be, and is entitled to take from said
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and it.s tributaries, and from said tytle Creek Re-gron'

.and conduct f¡om saiil Region, and use beyond the çoni

ñnes thereoi, shall amount to anraggregate quanfity of

3480.78 inches, and said Fontana Companies shall never

be entited either colleetively Òr sepârately to divert, be-

yond said conñnes, at any time from said water souicês'

ä, aoy of .tþem, .an amount of r'¡ater in excess of Éâid

qu"niity in this paragraph her'einbefore speciñed' Of

àia S48O.7S inches of rT'ater, 1300 inches and Ro more

*"y t" pt*p.a and diverted from said Region, by said

Fontana ComPanies, Provided that:
(a) No more 'than three hundred inches shall eve¡

b.. pump"d from the flext hereinafter described tract of

l.nd, and said 300 inches shall be pumped f rom-no other

place; said tract being that certain tract, in said Region'

described as follows :

That portion of the Southwest portion of the Mus-

cupiabe Rancho, described as follows:
beginning at station O of the north boundary of the

Muscupiabe Rancho, which póint is situate near the

northeåsterly 'bank of Lytle Creek, and near the mouth

of Lytle Creek CanYon;

Th.o.. following and along the norttrerly boundary

of saicl Muscupiabe Ranch, South 62 degrees, 52 min-

utes East, thirty-ñve and frfty-three hundredths (35'53)

chains to station 1 of said iVluscupiabe Rancho; thence

south 48 degrees, 14 minutes rvest, fifty-six and seventy-

six hundredths (56.76) chains to the southwesterly cor-

ner of Farm Lot Ten ( 10) designated on the Map show-

ing SUBDIVISION OF LANDS B-ELON^GING TO

sÈuI-tnoplc LAND AND wATER coMPANY'
recorded in Book 6 of N'Iaps, at page 12, in the office of

the County Recorde¡ of said Sar-r Bernardino County;
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Regïon, and ùse beyond the conñnes thereof, is 600

inches of water, and said City shall not be entitied to

diver! at any time, from said Region, an arnqunt of
rvater in exc",.s of said 600 inihes, all qf which said

quantily of rvater m¿iy be pumped by said City f rom said

Region, but ail ol said water shall be tàken from wells

or 1r¡ater de.velopments situate sÒuth of the last men-

tioned right of way of said Railway Cornpany, and

north of said lMitl Stree.t, and none of sâid 'rvater 'shall

be used r,'¡est of the highrvay, rtinniig approximately
north and south, situate on the Rialto Bench, and known
as "R¿ncho Avenue."

XIX.

As used herein, ( 1) the term "Fontana Companies,"
ref ers to Fontana Water Company, Fontana l-Inion
Water Company, Fontana Power Company, Fontana
Farms Company, and Fontana T,and Company; (2) the

term "Citizens Company" refers to the Citizens Land
and Water Company of Bloomington ; ( 3 ) the term

"Riverside Company" refers to the Riverside Highland
Water Cornpany; (4) the term "Improvernent Corn-

pany" re{crs to the LytLe Creek lVater and Improve-
ment Company; (5) the term "l\{utual Company" refers
to the IVIùtual Land and Water Company of Rialto;
(6) the term "Power Company" refers to the Fontana

Power Company, and (7) the term "IJnion Water Corn-

pany" refet's to Fontana Union Wate¡ Company'

xx.
That the maximum quantity of water which said

Fontana Companies shall be, and are çollectively en-

titleC to take from the surface and sub-surface 1'\'aters

of said Lytle Creek, and fron'r said l-ytle Creek Canyou'
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Thence nofth 24 degrees, 43 minutes west, eighty-

fou¡ and tweÍty.fôur hundredths (84-24) chains to a
point in the north boundary r of said Muscupiabe

Rancho'; said point being identical with the north corner

of Far¡4 Lqt One (1), designated on said Map; thence,

following and ãlong the north boundary of the Mus-

cupia,be .Rãnch; south fifty-one degrees, thirty min-

utes east, eleven.and fifty-hundredths (11'50) chains to

Statior.¡ 49 thereof;
Thenôe, south 63 degr,ees, O0 minutes east, 40 chains

to Station 0 of sairl Muscupiabe Rancho' the place of
beginning,

Co4talning two hundred trvelve and ¡ineteen hun-

dredths (Zl2.l9) zcres.
(b) No more than 200 inches shall ever be pumped

and diverted from said Region, frorh that certaìn trâct
of land in said Region, described as follows :

Conrmencing ât a point.on Line 2-3 of the-northeast-

eriy boundary of the southwest portion of the Rancho

Iluscupiabe, said point being norih 45 degrees, 0 min-

utes we.st, one hundred thirty-seven and three-tenths

chains from the southeast corner of Section 2'5, Tow'n-

ship I Nort.h, Range 5 West, San Bernaldino Base and

Meridian; the.nce following the northeasterly boundary

line of lands heretofore conveyed by the Fontana De-

velopment Company, to the Lytle Creek Water and Tm-

provement Company, by deed recorded in Book 429 of
.Deeds, page 103, sotrth 71 degrees, 13 minutes west'

thirty-four arrcl lwenty-eight hurrdredths chains; thence

still following said boundary north eighty-two degrees,

ôfty-nine minutes '¡'est, eighteen and seventy-three

hundredths chains, for a point of beginning; thence

from said point of beginning north fifty-four degrecs,
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ñfteen minutes west, eighty-three and four hundredths

.l*rr"; thence south 35 rlegrees, 45 minutes west' along

ä" m*a"ty line of the land conveyed by the Fontana

l..,.toprn"ni Company to the Fontana Unisn Water

Co-pÅy, by deed r:ecorded in Book 505 of Deeds' page

?-74,' ,o the- northw..terly corner of ,Lot 64,- of Map

.f,oíing subdivision of lands belonging to the Semi-

Itopi"L"¿ and Water Company, as per plat rec-orded'

in Ëook 6 of Maps, page 12, of the records of said

County, including the rvestern portion of the Muscu-

piabe 
'órant, 

as fer plat recorded in Book 7 of Maps'

page 23, of the records of saìd County; thence from

saú north.esterly corner of said Lot 64, easterly and

.loog tl.t. northeást line of Lots &, 66, 68, 70' 72' 74

arrð,V6, to the westerly point of land conveyed by the

Fontana Developmeni Company to the Lytle Creek
-Water 

and Improvement Company, by deed recorded in

Book 429 of Deeds, page. 103, et' seq' ; thence f ollowing

the north boundary of said tract south 82 degrees' 59

minutes east, twenty-six and twenty-seven hundredths

chains, more or less, to point 'of beginning'
(c) None of the remaining 800 inches, or any por-

tion of said 1300 inches of water, shal1 ever be pumped

by said Fontana Companies, or any of them, from any

portion of said Region lying to the south' or south-

easterly of a line diawn from the southeast corner of

Farm Lot 68, designated on said Map, to that certain

point situate on [h" boundary of said Muscupiabe

h..rr.ho, designated or known as "Stake No' 3" (which

said last meitioned point is situate very near to the

northeast corner of Section 22, Township 1 North'

Range 5 west, S. B' B- & M.); thence rurningdue east

to the southwesterly boundary of said right of rvay of



said Atchìson, Topeka and Santa Fe Railway Çompart¡
i.rei¡U"¡ot" meniioned, savê' and except that 150 inqhes

ãi *¡¿ 1300 joches of water may be pumped or diveried

i.oro f"n¿, in said Region lying below or to the squth

or southeasterlY of said line'--,,0i 
*" nvater, purnped in said Region by any of said

poitána Companiei, shall ever be conducted east of the

,u"rt 
lUor,na"Ç of the lands in said ltegion now ownetl

;;;;M;t;"; trvater: company' a corporation' provided

hä*.u"., thai if any of the said Fontana Conrpanies

.i"fi""i.i." the ri;ht to substitute for 150 inches of

it ".uti"." 
rvater's oi said Lytle Creck othcr water (said

rìghì U.ing specificallv provided for in that ::il"i"
joic-on, ."cnå"t.,l bv the Superior Court ot sa]a S11

S"å.r¿ino' County, in ,A'ction nurnberecl 9383 in said

õourt, a copy of which judgrnent is ¡ecorded in the

offi." of the ðounty Recorder o{ said County' in Book

i69 of D."d. at page 323 thercof, rvhich s¿id jurlgrnenl

is based upon thet certain contract' clated October 26'

i8õi, *t'"t.i" John L' Campbell granted .to 
the Semi-

i-pi. L^"¿ "nd 
Wtt"t Company' the right to nrake

such substitution of such water) I then ancl in that event'

such substituted water, not exceeding 150 inches' rnay

be conducted anY"vhet'e-

(e) No water' except the 300 inches permitted to be

puàí.¿ hereunder, from the tract of land described in
'S,rUäi"i.ion ( a) of this Paragraph XX' shall ever be

prr,t p.d and diverted by any of sairi Fontana Com-

p".i.t, ft"* said Region, except and providc<l that

i"h.n*"r. the quaniity of water which said Fontana

C.-p"ti.t "." ã"rit'i''g from saìcl Lytle Creek' at saicl

intake, when adcled to eny wâter that shall at the time

be actually puìl¡red f roln 'saici tract ( there shall be no
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obligation to pump any water fiom said tract)' shall

amount in the aggregate to less than 2500 inchls' then'

;;; t, .*n ä'tntìency shâll continue' said I'qntana

il;:"*.;;y take and divert from said Region.from

anv or all of said other areas hereinbefore s.Pecified (but

".í ått" 1."* any one of saìd areas than the mâxlmum

äti;; "r. "otiíed 
to take from such tract as herein-

i"fo.".i"r.a¡ such quantity of water as may be neces-

iìr"',""*"r."'op 'otú 
deñcíenry and maintain such ag-

s..s.t. suPPlY of 2500 inches'

"';?i""À"ii;"antitv of 25ffi inches and said rnaximum

d"ít,iîi äæo.zs inches of water' hereinbefore re-

ferredtointhisParagraphXX,bothrelateexclusiveiY
;';;";*hi.'h t"id F"o"i""" companies are entitled to

ä;;;; tn.i, o*o """ 
fo' irrigation i:d-"tl* beneficial

pîìpå.*, ¡.y"nd the confines of said Region'

XXi.

Nothing herein contained shall settle' bind or affect

anv ouestion, matter or right existing between.any of

:.åi;;; ðo*p""i"' Ãtv' ti.'" p:rp".': or'this de-

cree being to d.eñne and adjudicate the rights^involved

i"."ft, .i each and all of the respective parties hereto'

other than saíd Fontana Companies' a1d a]so to adjudi-

I"ï.'tn" ""U.ctive 
rights of "tl 

of said Fontana Com-

oanies, constituting one group of. defendants' without

ffi.:ä;";;; 'igr'i 
*t'i'Ë anv of said Fontana Com-

Ëä':n|, i'"? og"i'l" anv other of said Fontana

comPanies' 
xxlr.

That, except as provided in Paragraph XXIV hereof '

"o-*aí shali ever be sunk hereafter by any party to
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this actisr,'t'¡iihin a dis.tancs of 260 fcgt rif the;orth
Ç""a*ty fzu of said Fèrguson Raneh, and'ii is Ë¡çther

är"*a thot ttotr. of seid Font*¡¡e Eor-npeniee shatrl be

ÈnÏi}led to heieaftew ¡nnnp a.ay w*ier in sald lgtle ered<

Ç¿nyon, ãt Êny tlr¡le whpn sr¡cii wstdl il rlot $e{de(l for
inigation. Prrposes.

,KXIIL

Npthing contained herein shall be construed as per¡

mitiing or shall perørit, ,any water 'to be di-vtræd frorn

saÌd. digion; or .f{om any :rY.atçr solrrçeS i¡erëin rnen-

itirined, at aoy dme when the wâte¡ sþ rliv.erted is not
rçaåoÊably needed iai s¿ime useful o¡'beneÊçial gu¡pose'

¿nd it shali not be deerneil a usef,u! or beseâcial PurÞose
withi¡ the meanirrg of this paragràph, to use water:

(a) l'or irr'igatÍng- bet'rveen the 15th day of Nov-em-

ber and lhe, 15th day of Mar.ch, of the next succeeding

year'.eny gfain.or :cereal crop, gRless such ërop 'iS gtolv-
ing in an orchard;

1U¡ l'"r sa iu¡ating or causing wate¡ to sin-k in lands,

lying'outside of the'said Region and canyqn" for'tle
pt.¡io"" cif aceomgli'shì4g undergr'ound stori4g of
r.i"t, ot of adding to the water contained in such

land.s, nor for excercising ünreasonable irrigation of
crops or trees grõrving thereon.

XXIV.

That none of the parties to this action shall ever tre

entitled hereafter, to sink any weil within a distance of

500 feet from ãny othet well, owned, or operated by any

other party to ihis action,'except for substituting-a n-ew

well in lieu of any now existing well, within said dis-

tance, for 'the sole Purpose of maintaining but not in-
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creasing, the quantity 'of water now taken by such ex-

i"ting w";I, wilhin such distance, provided however' that

if it"is desired to sink such ner'rl well within said dis-

tancg then such new rvell shall be always located as near

as råsonably practicable to the existing old well for

rvhich it is to be substituted, as aforesaid'

XXV.

That each and all of the parties to this action, when

taking any water f rom any water source mentioned

herein, shall install, and at all times maintain respect-

ively, at every point at which such water is so taken,

"uch 
*...oring box or weir or other measuring device,

as will show readily andaccurately thequantity of water

at the time being taken at such point, which box and

rveii or other device, shall be instalied and r¡aintained
as direcled by, and to the satisf action of said committee

on water conservation, and shal'l at all times be open to

inspection by an member of said committee, and by any

party to this action.

KXVI.

Nothing herein contaìned shall be constrüed as vest-

ing any new right in any of the parties hereto, to enter

upon and take water from any water development or

lvell situate on any propErty of any other party hereto,

but the provisions of this paragraph shall not impair or

affect any existing right of any party herelo'

XXVII,

That the rights of each and all of the said parties to

pump water fiom said Region, as hereinbefore specified

and deÊned are, as betu'een said partìes, equal and cor-
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relative, v¡ithout any priority or superigrity of rigtrt,
efcept as her:einbe,fore speciñcally statèd qr plovided as

to a particular interest or right,las betlveeä part¡cular:

specified parúes.

XXVIII.

That every provision of ttris deeree in favor of, or
applying to any party hereto, shall also agPlT to, and

inure to the benefit of, and also bind each and all of the
heirs, lega.l r.epresentatives' successors and assigns of
such ¡rarq¡¡.

XXIX.

That nothing herein decreed shall impair, abridge, or
afiect an¡z existing right of any party heieto, which is
now established by d.ecree of court, or by other record,

to have deli.r'ered, or to share in water from the surface
flow of said Lytle Creek, except as ma)¡ herei¡before be

otherwise specifically provi<led. Nothing herein decreed

shall impair, abridge or affect any existing right of any
party hereto to. practice u'ater cor¡servation by sinking
water in said Lytle Creek Canyon.

vt¡\a

That each and all of the parties hereio, and the agents

and employees of each of them, are hereby perpetually
testrained and enjoined from doing any act or thin.g in
violation of the provisions of this decree.

XXXI.

None of the several maximum quantities of water
which the parties hereto are respectively entitlerl to take
from said Region, and use beyond the conñnes thereof,
as herein specified, shall be increased or affected by the

to



--:.iÈ Íìjtr:'.
..i:i¡tñ;

'.. ';¿; .-

future acquiring of additional lânds in said Rçgion by

any of said partieq; provided.however, anything to the

.oátrrry heiein contained notwlthstanding, should any

oartv hereto hereafter purchase from any other party

ir.r.a ,tt" herein speciñed right to divert wate¡ of such

other party, such purihasing party shall bc entitled to

ex.rcise such purchased right of diverting water from

said Region, in addition to thè right allotted hereunder

to such purchasing PariY.

XXXII'

No objection shall ever be made by any of said parties

as to the interest or right of any party, as herejnbefore

speciñed and defined, or as to the validity of this judg-

ment in so specifying or defrning such interest or right,

on the ground that such interest or right, as so specified

or defined, is not consistent with or warranted by the

pleadings ¡elative thereto; and if, in any case' it shall

appear 
-that 

any such interest or right, as so specified

anà d"fited, is in fact not consistent with or warranted

by such pleading as actuàlly ñled, then such pleading

shall be deemed and treated as arnended, to conform to

and sustain such interest and right as hereinbef,ore

specified and defined.

XXXiII,

Each of said parties waives all right of appeal from

this judgment, and no appeal shall be taken by any party

or parties from this judgment or any part thereof'

XXXIV.

No party to this judgment shall be entitled to recover

costs from anY other PartY.

30



(ì

.31

Dâted : jemtaty 28th, 1924-

BENJATÍIN F. WARMËR,
Iud'ge.

Ëndorsed:
Filed Jan. 28,7924

IIARRY L. ALLISON' Cterk
By M. L. Ar.onroc4, Deput¡¡.

Docketed: Jan, 3Q 192{,at 1:35 'o'clock P M.

Éntered: Jan.?Å, L924,Book 41, Page 154

HARRY L. ALLISON, Clerk

By R. M. Scrrnrnt, Dçputy Clerk

StetE or CarrronNra, I
CouNry oF S,,\N BenNanorrvø f 

st'

I, HARRY L. ALLISON, County Clerk and ex-

officio Cierk of the Superior Court, do hereby certify
the foregoing to be a full, true and correct copy of the
original on file in my office.

Witness my hand and seal of the Superior Court,
this 14th day of Feb., 1924.

HARRY L. ALLiSON, Count¡¡ Clerk.

By R- M. Scarrlrot, Deputy.

Recorded at request of Leonard, Surr & Hellyer,
Feb. 16, L924, aL 28 minutes past 9.00 A. M-, in Book
829, Page 293, of Deeds, Records San Bernardino
County.

FULTON G. FERAUD, County Recorder.

By InrNe McINEnrv, Deputy Recorder.
Fee $13-50.

('



I hereby certi fy that I have correctly tanscribed this

instrument ori the records in the office of the Recorder

of San Bernardino. CountY. t

R. EASTON' CoPYist.

Compared:
M. Arrx,rntEn,-R. Ë¡stol





Appendix E 

Regional Water Planning 

 
These items are being provided on compact disc. 
 

 2007 Integrated Regional Water Management Plan 

 2011 Regional Water Management Plan Recycled Water Master Plan 



2007 Integrated Regional Water Management Plan 





Table of Contents 

1 Introduction 1-1 
 

1.1 Background 1-1 
1.1.1 Overview of Plan Area 1-1 

1.2 Integrated Regional Water Management Plan 1-5 
1.2.1 Santa Ana Watershed Project Authority 1-6 

1.3 Other Integrated Regional Water Management Activities in the Watershed 1-8 
1.3.1 Santa Ana Watershed Project Authority IRWM Plan 1-8 
1.3.2 Western Municipal Water District Integrated Regional Water 

Management Plan, November 2006 (IRWM Plan) 1-9 
1.3.3 The San Jacinto Watershed Component of the Santa Ana 

Integrated Watershed Plan 1-10 
1.3.4 The San Timoteo Watershed Management Authority IRWM 

Program 1-10 
1.4 Previous Related Work 1-13 

1.4.1 State Water Resources Control Board Orders 1-13 
1.5 Overview of Governing Laws, Judgments, and Agreements 1-15 

1.5.1 Integrated Regional Planning Act 1-15 
1.5.2 Groundwater Management Planning Act 1-15 
1.5.3 Cooperative Agreement to Protect Water Quality and Encourage 

the Conunctive Uses of Imported Water in the Santa Ana River 
Basin 1-17 

1.5.4 Seven Oaks Accord 1-17 
1.5.5 Orange County Judgment 1-18 
1.5.6 Western Judgment 1-19 
1.5.7 Agreement Relating to the Diversion of Water from the Santa Ana 

River System Among Western Municipal Water District of 
Riverside County, San Bernardino Valley Municipal Water 
District and City of Riverside 1-20 

1.5.8 The Beaumont Basin Judgment 1-21 
1.5.9 1961 Rialto Basin Judgment 1-21 
1.5.10 Local Institutional Considerations 1-22 

1.6 Purpose of the IRWM Plan 1-27 
1.6.1 Uncertainty of Imported Water Alone to Meet Long-Term Needs 1-27 
1.6.2 Threat of Liquefaction in the Pressure Zone 1-28 

1.7 IRWM Plan Planning Process 1-31 
1.7.1 Technical Advisory Group Member Agencies  1-31 
1.7.2 Public Participation 1-31 



1.7.3 Dispute Resolution Process 1-34 
1.8 Water Agencies in the Region 1-35 

1.8.1 Valley District 1-37 
1.8.2 San Bernardino Valley Water Conservation District 1-39 
1.8.3 City of Redlands 1-40 
1.8.4 West Valley Water District 1-40 
1.8.5 East Valley Water District 1-41 
1.8.6 San Bernardino Municipal Water Department 1-41 
1.8.7 Yucaipa Valley Water District 1-41 
1.8.8 City of Riverside 1-42 
1.8.9 Water Resources Institute/California State University,  
San Bernardino  1-42 
1.8.10 San Bernardino County Flood Control District 1-43 

 1.8.11 San Gorgonio Pass Water Agency 1-44 
1.8.12 City of Big Bear Lake Department of Water and Power 1-44 
1.8.13 Fontana  Union Water Company 1-45 
1.8.14 San Timoteo Watershed Management Authority 1-45 
1.8.15 Bear Valley Mutual Water Company 1-46 
1.8.16 Beaumont Cherry Valley Water District 1-46 
1.8.17 Big Bear Municipal Water District 1-46 
1.8.18 City of Colton Public Utilities Department 1-47 
1.8.19 City of Loma Linda 1-47 
1.8.20 City of Rialto 1-47 
1.8.21 Fontana Water Company 1-48 
1.8.22 Marygold Mutual Water Company 1-48 
1.8.23 Muscoy Mutual Water Company 1-48 
1.8.24 Regents of the University of California 1-49 
1.8.25 Riverside Highland Water Company 1-49 
1.8.26 Other Water Purveyors in the Region 1-49 

1.9 Contents of the IRWM Plan 1-51 
 

ii 



2 Description of the Integrated Regional Water Management Plan 
Area 2-1 

 
2.1 Location 2-1 

2.1.1 General IRWM Plan Region 2-1 
2.2 Climate 2-4 
2.3 Population 2-5 

2.3.1 Historic Population and Housing Growth in the Plan Area 2-5 
2.3.2 Future Population Growth in the Region and Valley District 

Service Area 2-5 
2.4 Land Use and Agricultural Lands Stewardship 2-8 
2.5 Economic Condition and Social and Cultural Composition of the Region 2-11 

2.5.1 Composition of Population and Tribe 2-11 
2.6 Major Water-Related Infrastructure in Region 2-16 

2.6.1 State Water Project Facilities 2-16 
2.6.2 State Water Contractors Facilities 2-16 
2.6.3 Regional Water Supply Infrastructure 2-19 
2.6.4 Regional Flood Control Infrastructure 2-19 

2.7 Surface Hydrology 2-20 
2.7.1 Natural Runoff 2-20 
2.7.2 Imported Water 2-22 
2.7.3 Wastewater 2-22 
2.7.4 Surface Water Quality 2-23 

2.8 Geologic Setting and Groundwater Systems 2-28 
2.8.1 Groundwater Basins in the Upper Sana Ana Region 2-28 

2.9 Groundwater Management in the Region 2-58 
2.9.1 Recharge Area Programs 2-58 
2.9.2 SAR Natural Recharge 2-64 
2.9.3 Groundwater Discharge from SBBA 2-65 
2.9.4 Groundwater Storage 2-66 
2.9.5 Groundwater Quality 2-68 

2.10 Ecological and Environmental Resources 2-75 
2.10.1 San Bernardino National Forest Land and Resource Management 

Plan 2-75 
2.10.2 U.S. Bureau of Land Management (BLM) Area of Critical 

Environmental Concern 2-75 
2.10.3 U.S. Army Corps of Engineers Woolly-Star Preserve Area 2-76 
2.10.4 Western Riverside County Multi-Species Habitat Conservation 

Plan 2-76 
2.10.5 SAR Corridor 2-76 

 

 

  iii 



3 Water Budget for Integrated Regional Water Management Plan 
Region 3-1 

 
3.1 Review of Previously Published Water Budgets 3-2 
3.2 Data Sources 3-3 

3.2.1 Applied Water Demands 3-4 
3.2.2 Water Supplies 3-8 
3.2.3 Water Budget Summary 3-20 

 
4 Develop Integrated Regional Water Management Plan 4-1 

 
4.1 Introduction 4-1 
4.2 Water Management Objectives, Strategies, and Projects (California Water 

Code §§ 79562.5 and 79564) 4-3 
4.2.1 Improve Water Supply Reliability 4-4 

4.2.1.1 Water Conservation Strategies and Projects 4-6 
4.2.1.2 Water Recycling Strategies and Projects 4-17 
4.2.1.3 Groundwater Management Strategies and Projects 4-24 
4.2.1.4 Surface Water Management Strategies and Projects 4-61 
4.2.1.5 Imported Supplies 4-67 
4.2.1.6 Performance Evaluation of Water Supply  
Reliability Strategies 4-70 
4.2.1.7 Disaster Preparedness Strategies and Projects 4-77 

4.2.2 Protect and Enhance Water Quality Objective 4-89 
4.2.2.1 Total Dissolved Solids and Nitrogen  
Management Strategy 4-90 
4.2.2.2 Remediation of Groundwater Contamination Strategy 4-93 
4.2.2.3 Improving Groundwater Quality by Recharge of the Basins 
with Good Quality Water 4-95 
4.2.2.4 Surface Water Quality Improvement Strategy 4-98 
4.2.2.5 Groundwater and Surface Water Quality  
Monitoring Strategy 4-99 

4.2.3 Ecosystem Restoration and Environmental Improvement Objective 4-101 
4.2.3.1 Habitat Protection, Restoration, and  
Enhancement Strategy 4-102 
4.2.3.2 Land Use Planning Strategy 4-108 

 

5 Integrated Regional Water Management Plan Implementation 5-1 

5.1 Integration of Water Management Strategies 5-1 
5.1.1 Integration of Surface Water and Groundwater Resources 

Strategies 5-2 
5.1.2 Integration of Stormwater Management, Flood Management, 

Water Supply Reliability, and Surface and Groundwater Quality 5-3 

iv 



5.1.3 Integration of Water Supply Reliability and Water Quality 
Strategies 5-3 

5.1.4 Integration Of Imported Water And Local Water Supplies 
Strategies 5-4 

5.2 Project Identified for IRWM Plan Implementation 5-5 
5.2.1 Project Prioritization and Screening Process 5-5 
5.2.2 Economic and Technical Feasibility of the Projects 5-12 

5.3 Implementation Considerations 5-13 
5.3.1 Institutional Structures Needed for Plan Implementation 5-13 
5.3.2 Project Implementation 5-13 
5.3.3 Periodic Review and Update of the IRWM Plan 5-13 
5.3.4 Statewide Priority and Issues of State Significance 5-14 

5.4 Capital Improvement Funding 5-16 
5.4.1 Federal Funding 5-16 
5.4.2 State Grant Funding 5-16 
5.4.3 Local Agency Funding 5-17 

5.5 Obstacles to Implementation 5-18 
5.6 Impacts and Benefits of the Upper Santa Integration Regional Water 

Management plan 5-19 
5.6.1 IRWM Plan Benefits 5-19 
5.6.2 IRWM Plan Impacts 5-20 

6 Data Management and Monitoring, Technical Analyses, and Plan 
Performance 6-1 

6.1 Part I:  Data Management and Technical Analyses for Plan Prepartaion 6-2 
 6.1.1 Use of Available Information to Develop the IRWM Plan 6-2 

6.1.2 Existing Information and Reports 6-2 
 6.1.3 Data Management and Monitoring 6-3 

6.1.4 Technical Analyses to Develop the IRWM Plan and Projects 6-3 
6.2 Part II:  Monitoring, Data Management, Plan Performance, and Adaptive 

Process During Plan Implementation 6-6 
6.2.1 Data Collection and Monitoring 6-6 
6.2.2 Data Gaps/Additional Monitoring Requirements 6-7 
6.2.3 Management of the Data 6-8 
6.2.4 Adaptive Management and Plan Performance for the Upper Santa 

Ana IRWM Plan 6-8 

7 Glossary of Terms 7-1 

8 References 8-1 

  v 



Appendix A: Relevant Judgments, Agreements, and Accords 

Appendix B:  Monitoring Plan 

Appendix C:  Modeling 

Appendix D:  Public Involvement Documentation 

Appendix E:  Project Descriptions 

Appendix F:  Vulnerability to Catastrophic Interruption of Water 
Supply 

Appendix G:  Task 15 - State Water Project Peak Day Demands for 
Customers of the San Bernardino Valley Municipal Water District 

 

Table of Figures 

Figure 1-1 Santa Ana River Watershed 1-3 
Figure 1-2 Upper Santa Ana River Watershed 1-4 
Figure 1-3 Water Agencies in the Region 1-36 
Figure 1-4 Service Area of Technical Advisory Group Member Agencies 1-38 
Figure 2-1 Communities in the Upper Santa Ana Region 2-2 
Figure 2-2 Land Use 2-9 
Figure 2-3 Economically Disadvantage Communities 2-12 
Figure 2-4 Major Water-Related Infrastructure 2-16 
Figure 2-5 Bulletin 118, Groundwater Basins in the Upper Santa Ana Region 2-29 
Figure 2-6 Groundwater Basins and Faults in the Region 2-32 
Figure 2-7 Rialto-Colton Subbasin and Faults 2-35 
Figure 2-8 Water-Bearing Units in the Rialto-Colton Subbasin 2-36 
Figure 2-9 Spreading Basins in the Rialto-Colton Subbasins 2-37 
Figure 2-10 San Bernardino Basin Area 2-43 
Figure 2-11 Representative Geologic Sections - SBBA 2-47 
Figure 2-12 Water-Bearing and Confining Members - SBBA 2-50 
Figure 2-13 SBBA Pressure Zone 2-51 
Figure 2-14 SBBA Groundwater Contours 2-54 
Figure 2-15 SBBA Groundwater Flows 2-57 
Figure 2-16 Location of Spreading Grounds in the Region 2-62 
Figure 2-17 Contaminant Plumes in SBBA 2-72 
Figure 3-1 Water Demands within the Region 3-5 
Figure 3-2 Water Budget Summary - SBBA 3-9 

vi 



Figure 3-3 IRWMP Region – Water Budget Summary 3-21 
Figure 3-4 Water Supply Summary 3-23 
Figure 4-1 Objectives and Strategies 4-2 
Figure 4-2 Best Management Practices 4-8 
Figure 4-3 Statewide Annual Water Savings from Implementation of Selected 

BMPs 4-9 
Figure 4-4 Annual Estimated Water Savings from BMPs 4-11 
Figure 4-5 BMP Cost per Acre-Foot 4-12 
Figure 4-6 BMP Benefit and Cost/Benefit 4-13 
Figure 4-7 Tilted Basin 4-27 
Figure 4-8 Developing Groundwater Management Operational Strategies 4-29 
Figure 4-9 Groundwater Modeling Assumptions 4-32 
Figure 4-10 Hydrologic Budget Summary 4-34 
Figure 4-11 Overview of Process for Managing the San Bernardino Basin Area 4-38 
Figure 4-12 Process for Managing the San Bernardino Basin Area 4-40 
Figure 4-13 Historical TDS for East Branch at Silverwood Lake and  

Basin Objectives - Beaumont Basin 4-54 
Figure 4-14 Historical TDS for East Branch at Silverwood Lake and  

Basin Objectives - Bunker Hill 4-55 
Figure 4-15 Historical TDS for East Branch at Silverwood Lake and  

Basin Objectives - San Timoteo 4-56 
Figure 4-16 Historical TDS for East Branch at Silverwood Lake and  

Basin Objectives - Yucaipa 4-57 
Figure 4-17Proposed Facilities for the Use of Santa Ana River Water 4-63 
Figure 4-18 Santa Ana River Annual Flow and SWP Availability 4-71 
Figure 4-19 Cumulative Annual Changes in Groundwater Storage for Baseline 

Conjunctive Use Scenario 4-73 
Figure 5-1 Integrated Regional Water Management Planning 5-2 
Figure 5-2 Planning Process for Project Screening and Ranking 5-6 
Figure 5-3 Project Locations 5-13 
Figure 5-4 Implementation Schedule 5-18 

 
 

List of Tables 

Table 1-1  SWP Dry Year Delivery from the Delta as Percent of SWP Table A 
Entitlements 1-25 

Table 2-1 Riverside and San Bernardino County Population, 1990 and 2000 2-5 
Table 2-2 SCAG County Population Projections, 2010-2025 2-6 
Table 2-3.  Population of Plan Area and Valley District  

Service Area, 2000-2025 2-7 
Table 2-4 Median Annual Household Income for Water Purveyor  

Service Areas 2-15 
Table 2-5.  Upper SAR Median, Maximum, and Minimum  Annual Flow  2-21 

  vii 



Table 2-6.  Tributary Flow Contribution to the SAR  (100-Year Flood Event  
Discharge in cfs) 2-21 

Table 2-7.  Treated Wastewater Discharged Directly to the  SAR above Riverside 
Narrows 2-23 

Table 2-8.  SAR Basin Surface Water Quality Objectives* 2-26 
Table 2-9.  Average Historic Surface Water Quality for  Locations on the SAR  

(1990-2001) 2-27 
Table 2-10  Groundwater Basins in Upper Santa Ana Region 2-29 
Table 2-11.  Recharge Facilities 2-61 
Table 2-12.  Summary of Groundwater Storage Capacities and Basin Surface Area 2-66 
Table 2-13.  Prevalence of Contaminants in SBBA Wells 2-69 
Table 2-14.  Prevalence of Contaminants in Rialto–Colton Subbasin Wells 2-72 
Table 2-15.  Prevalence of Contaminants in Riverside Subbasin Wells 2-73 
Table 2-16.  Prevalence of Contaminants in Yucaipa Subbasin Wells 2-74 
Table 2-17.  Prevalence of Contaminants in San Timoteo Subbasin Wells 2-74 
Table 3-1  Data Utilized in the Water Budget 3-2 
Table 3-2  Future Applied Water Demands in the Region (Acre-Feet per 

year) 3-4 
Table 3-3  Projected SBBA Local Surface Water Diversions and Groundwater 

Extractions 3-8 
Table 3-4 Projected Extractions in the Colton Basin Area (Acre-Feet per Year) 3-11 
Table 3-5 Projected Extractions in the Riverside North Basin (Acre-Feet per 

Year) 3-12 
Table 3-6 Projected Extractions in the Yucaipa Basin (Acre-Feet per Year) 3-13 
Table 3-7 Projected Extractions of Other Groundwater and Surface Water 

Supplies (Acre-Feet per Year) 3-14 
Table 3-8 Projected Deliveries of State Water Project (Acre-Feet per Year) 3-17 
Table 3-9 Available State Water Supplies Based on Table A Amounts (AFY) 3-17 
Table 3-10 Projected Use of Recycled Water (Acre-Feet per Year) 3-18 
Table 3-11 Water Budget Summary for Valley District and San Bernardino 

Mountains (Acre-Feet per Year) for an Average Year 3-19 
Table 3-12 Water Budget Summary for San Gorgonio Pass Water Agency Area 3-20 
Table 3-13 Region-Wide Water Budget Summary for Average Year 3-20 
Table 3-14 Region-Wide Water Budget Summary for Multi-Year Drought 3-20 
Table 3-15 Region-Wide Water Budget Summary for a Single-Dry Year 3-21  
Table 4-1 Upper Santa Ana River Water Agencies Implementation of BMPs 4-10 
Table 4-2 Upper Santa Ana River Water Agencies Recycling Water Programs 4-23 
Table 4-3 Summary of Potential Additional Yield for the SBBA 4-36 
Table 4-4 Facilities Needed to Implement Various Conjunctive Use Program 

Scenarios 4-37 
Table 4-5  Future Peak Day SWP Demand for SBVMWD 4-76 
Table 4-6 Valley District Facilities Used to Deliver Water to Retail Agencies 4-80 
Table 4-7 System Interties between Retail Agencies 4-83 

viii 



  ix 

Table 4-8 PCM Model of Precipitation 4-87 
Table 5-1 Projects by Ranking 5-9 
Table 5-2 Upper Santa Ana IRWMP Prioritization and Cost 5-11 
Table 6-1 Example of Project Performance Indicator to  
Assess Project Success 6-11 



1 Introduction 

1.1 Background 

In 2005, the Upper Santa Ana Water Resources Association (Association) 
members met and agreed to develop an Integrated Regional Water Management 
Plan (IRWM Plan) to address water management issues for the communities of 
the Upper Santa Ana River (SAR) watershed.  The Association is composed of 
agencies in the Upper SAR watershed that share a common concern for the 
region’s water resources.  The list of Association member agencies is presented 
in Appendix D.  San Bernardino Valley Municipal Water District (Valley 
District), a major regional water agency, agreed to lead the planning effort and 
applied for and received a grant from the California Department of Water 
Resources (DWR) to prepare this plan.  An objective of developing the proposed 
IRWM Plan is to identify, define, and establish strategies to capitalize on all 
water management opportunities that are present today or may become available 
in the region in the future.  With careful and thoughtful integrated planning, the 
participation of water managers and stakeholders, and the development of robust 
water management strategies and implementation tools, the region’s water 
entities can improve their water supply reliability and self-reliance for future 
water supplies.  Implementation of the IRWM Plan will help the fast-growing 
region, which is dependent upon the San Bernardino Basin and imported water 
from the State Water Project (SWP) to reduce its dependence on imported water, 
while providing reliable, good quality water for economic growth and enhancing 
the wellbeing of the residents of the Upper SAR region.  

1.1.1 Overview of Plan Area 

1.1.1.1 Santa Ana 
River 
Watershed 

The SAR is the largest 
stream system in 
Southern California.  It 
begins high in the 
San Bernardino 
Mountains where 
snowmelt and rainfall 
flow more than 100 
miles southwesterly to 

The Santa Ana River System originates high in the San 
Bernardino Mountains. (Photo by Ryan Gilmore). 
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discharge into the Pacific Ocean between Newport Beach and Huntington Beach.  
The SAR watershed covers over 2,650 square miles of urban, rural, agricultural, 
and forested terrain and the more populated urban areas of San Bernardino, 
Riverside, and Orange Counties, as well as a small portion of Los Angeles 
County.  Figure 1-1 depicts the SAR watershed and its relationship to the IRWM 
Plan Area. 

The IRWM Plan Area is the Upper SAR watershed and encompasses Big Bear 
Lake and the headwaters of the SAR until it reaches the Riverside Narrows and 
includes the cities and communities of San Bernardino, Yucaipa, Redlands, 
Beaumont, Cherry Valley, Calimesa, Highland, Rialto, Colton, Fontana, Grand 
Terrace, and Loma Linda.  Figure 1-2 shows the region.  The region covers 824 
square miles, approximately 32 percent of the total SAR watershed, and is 
located in San Bernardino and Riverside Counties.  The climate in the region is 
characterized by relatively hot, dry summers and cool winters with intermittent 
precipitation. 

There are numerous tributaries that contribute flow to the main stem of the SAR 
in the Plan Area including Bear Creek, Keller Creek, Plunge Creek, Mill Creek, 
San Timoteo Creek, Yucaipa Creek and Mission Zanja Creek (tributaries to San 
Timoteo Creek), City Creek, East Twin Creek (a tributary to City Creek), Lytle 
Creek, Cajon Wash (a tributary to Lytle Creek), and Warm Creek (a tributary to 
Lytle Creek) (see Figure 1-2). 
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Figure 1-1 
Santa Ana River Watershed 
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Figure 1-2 
Upper Santa Ana River Watershed 
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1.2 Integrated Regional Water Management Plan 

Management of water resources in the region takes place within a complex legal 
and institutional framework.  Development of the IRWM Plan, a comprehensive 
and coordinated regional water management plan for the Upper SAR, involves 
the cooperation of many parties interested in water management, including water 
purveyors in the region.  The development of an IRWM Plan is initiated by 
encouraging all stakeholders to participate in the planning process.  The planning 
process includes stakeholder participation; consideration of historic plans; and 
compliance with institutional constraints, orders, accords, and government laws 
and judgments. 

In 2005, nine members of the Association met and formed a Regional Water 
Management Group for the purpose of developing an IRWM Plan.  The Regional 
Water Management Group is now called the Technical Advisory Group (TAG), 
with the regional lead agency, Valley District, coordinating development of the 
IRWM Plan.  The TAG members actively participated in development of the 
IRWM Plan.  Members of the TAG include: 

 Valley District – Lead Agency 

 City of Big Bear Lake Department of Water and Power  

 City of Redlands Municipal Utilities Department 

 City of Riverside Public Utilities Department 

 East Valley Water District 

 San Bernardino Municipal Water Department 

 San Bernardino Valley Water Conservation District (SBVWCD) 

 San Bernardino County Flood Control District 

 San Gorgonio Pass Water Agency 

 West Valley Water District 

 Yucaipa Valley Water District 

 Water Resource Institute, California State University, San Bernardino  

 San Timoteo Watershed Management Authority (STWMA) 

 Fontana Union Water Company 

In the initial stages of the planning process for the IRWM Plan, the TAG 
identified a list of stakeholders.  In general, the stakeholders for this planning 
process are described by four categories:  (1) members of the TAG as listed 
above, (2) other regional stakeholders and water agencies located in the Upper 
SAR watershed region, (3) watershed-based stakeholders located in the SAR 
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watershed that are part of the larger 
integrated planning for the region 
discussed in the Santa Ana Watershed 
Project Authority (SAWPA) Plan, and 
(4) federal and State of California (State) 
agencies that were encouraged to 
participate throughout development of 
the IRWM Plan.   

Other Regional Water Agencies and Stakeholders

• San Bernardino County Board of Supervisors
• Riverside County Board of Supervisors
• Beaumont-Cherry Valley Water District
• Bear Valley Mutual Water Company
• Big Bear Municipal Water District
• City of Beaumont
• City of Calimesa
• City of Colton
• City of Fontana
• City of Loma Linda
• City of Rialto
• Marygold Mutual Water Company
• Muscoy Mutual Water Company
• Regents of the University of California (Regents)
• Riverside Highland Water Company
• Riverside Flood Control and Water Conservation

District
• South Mesa Water Company
• Orange County Flood Control District
• Terrace Water Company
• Western Heights Mutual Water Company
•   Fontana Water Company

Watershed-Based Stakeholders
• SAWPA and its member agencies (Eastern

Municipal Water District, Inland Empire Utilities
Agency, Orange County Water District (OCWD),
Valley District, and Western Municipal Water District
(Western))

• Beaumont Basin Watermaster
• Western-San Bernardino Watermaster
•   California Resource Connections, Inc.

State and Federal Stakeholders

• California Department of Fish and Game
• California Department of Public Health
• California Department of Toxic Substances Control
• California Department of Water Resources
• Regional Water Quality Control Board (RWQCB)
• Southern California Edison
• State Water Resources Control Board (SWRCB)
• U.S. Army Corps of Engineers (USACE)
• U.S. Forest Service

The TAG has encouraged local agencies 
to be active in the development of the 
IRWM Plan and to participate in the 
planning process.  Specific steps taken 
by the TAG to inform and encourage 
stakeholders’ participation are discussed 
below.   

Early in the planning process, the TAG 
assembled a list of stakeholders and a 
letter was sent to each one informing 
them of the planning process and 
encouraging them to participate.  
Stakeholders were invited to participate 
in the TAG’s bi-monthly face-to-face 
meetings and by conference calls.  The 
TAG meetings focused on discussion of 
regional water management issues of the 
basin.  TAG members and other 
participating agencies reviewed the work 
in progress and provided comments on 
the development of the plan.  The 
agendas for the TAG meetings were 
posted on Valley District’s website in 
advance so all agencies, other 
stakeholders, and interested parties could 
participate throughout the planning 
process in discussion of the issues in 
which they were interested.  A copy of 
the draft IRWM Plan was sent to all 
stakeholders for review and comment.  

This IRWM Plan was developed in 
coordination with Western, San Jacinto 
River Watershed Council, and SAWPA 
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and will become part of the SAWPA regional plan for the SAR watershed.  A 
representative from SAWPA participated in the TAG meetings and actively 
engaged in the discussions.  A representative from Western was also invited and 
attended the regular meetings of the TAG.  The San Jacinto Watershed Council, 
although not an active participant in the TAG, has been briefed on the 
development of the plan and received a copy of the draft IRWM Plan for their 
review and comment. 

1.2.1 Santa Ana Watershed Project Authority 

SAWPA is a regional agency that has a major role in water resources planning in 
the SAR watershed.  SAWPA was formed in 1968 as a planning agency and was 
transformed in 1972 through a change in its mission to plan and build facilities 
that would protect the water quality of the SAR watershed.  SAWPA is a Joint 
Powers Authority, classified as a Special District (government agency) in which 
it carries out functions useful to its member agencies.  SAWPA’s vision is to 
have a sustainable SAR watershed that supports economic and environmental 
vitality as well as an enhanced quality of life.  Its regional leadership is a model 
of collaboration and cooperation utilizing integrated solutions.  To that extent, 
SAWPA has developed an IRWM Plan for the entire SAR watershed as well as a 
regional groundwater management plan and an urban water management plan 
(UWMP).  

SAWPA’s planning activities generally address water management and water 
supply reliability issues for the ever-growing population of the watershed.  
SAWPA works with planners, water experts, and other government agencies to 
identify issues and challenges of the region.  To resolve the many water-related 
problems, SAWPA works with water planners to ensure there is enough water in 
the future; with regulators to ensure that the water is safe and clean; and with all 
other stakeholders (including the concerned public) to develop collaborative, 
regional solutions to the area’s water needs.  

SAWPA is working with its member agencies to update its IRWM Plan for the 
entire SAR watershed and is an active participant in the planning process for the 
Upper SAR Watershed IRWM Plan.  The information from the Upper SAR 
Watershed IRWM Plan will be incorporated into SAWPA’s integrated regional 
plan for the watershed.   
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1.3 Other Integrated Regional Water Management 
Activities in the Watershed  

Integrated regional water management activities occurred in the SAR watershed 
as early as the 1960s.  In 2002, SAWPA developed an Integrated Watershed Plan 
(IWP) for the Santa Ana watershed that was updated in 2005 as an IRWM Plan 
(IWRMP June 2005).  In 2006, Western also prepared an IRWM Plan for its 
service area.  SAWPA’s IRWM Plan, Western’s IRWM Plan, and the San 
Jacinto Watershed Component of the Santa Ana IWP are particularly related to 
the development of this IRWM Plan.  In 2002, STWMA developed the San 
Timoteo Watershed Management Program (STWMA 2002).  It was updated in 
2005 as an IRWM Plan for the San Timoteo watershed (STWMA 2005).  These 
plans are described below. 

1.3.1 Santa Ana Watershed Project Authority IRWM Plan 

Water users in the SAR watershed have worked together for decades to develop 
an integrated regional approach to water management for the entire watershed.  
In 2002, SAWPA developed a phased planning process called the Santa Ana 
Integrated Watershed Plan (IWP).  In 2005, the IWP was updated as an IRWM 
Plan (SAWPA Plan) to cover the entire SAR watershed.  This broad planning 
document is the framework for water management in the watershed and is largely 
based upon the planning efforts of its member agencies.  The SAWPA Plan is a 
“macro-level” plan that is consistent with DWR’s California Water Plan Update 
(Bulletin 160) and State Water Resources Control Board’s (SWRCB) Strategic 
Plan, Watershed Management Initiative, and the basin planning process.  The 
SAWPA Plan builds upon local agencies’ initiatives and programs and 
emphasizes integrated regional water management. 

The IRWM Plan for the Upper SAR watershed is a complementary planning 
process that will be incorporated into the SAWPA Plan.  “Zooming” in on a 
“micro-level” reveals that the Upper SAR watershed has several unique water 
management challenges and issues.  The purpose of this planning process is to 
focus on these local issues and to assess water management opportunities in 
greater detail.  This collaborative “grassroots” process will address some of the 
long-term water management strategies of the Upper SAR watershed and will 
greatly contribute to protecting and enhancing reasonable and beneficial uses of 
the watershed’s water resources.  This planning process is a part of the overall 
SAR water management planning process and is in agreement with past and 
current SAWPA regional planning initiatives.  
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1.3.2 Western Municipal Water District IRWM Plan, November 2006  

Western’s area consists of a 510-square-mile area primarily in western Riverside 
County with a population of over 500,000 people.  Western relies on SWP and 
Colorado River water to augment its local water supplies.  During drought years, 
these imported water sources will suffer from increased demands and 
increasingly poor water quality.  Colorado River water may have salinity in 
excess of 800 milligrams per liter (mg/L) in dry years.  Such water quality will 
not meet the water quality objectives of the Regional Water Quality Control 
Board (RWQCB) and will thus make Colorado River water unsuitable for use 
without desalination treatment.  Western’s IRWM Plan is focusing on putting 
water from all sources to maximum beneficial use.  This includes storage of 
imported water, when it is available, to augment its dry year supplies. 

It is the mission of Western to provide water supply, wastewater disposal, and 
water resource management to the public in a safe, reliable, environmentally 
sensitive, and financially responsible manner.  Given the significant loss of water 
wells in the region due to water quality issues and the uncertainty of 
supplemental supplies flowing from the Colorado River, implementing an IRWM 
Plan is imperative to Western.  The objectives of the plan are built on the 
identification of the water management issues and solutions and refinement of 
the plan through a consensus of appropriate stakeholders.  A number of water 
management strategies have been considered to meet the objectives defined for 
Western’s IRWM Plan.   

Western has already started identifying and implementing regional projects that 
will create cleaner, more reliable water supplies and optimize the use of imported 
water to reduce reliance on imported water during drought periods.  The projects 
include the recently completed Arlington desalter enhancement to provide 
6,000 acre-feet of drinking water to the city of Norco; March Air Reserve Base 
Wastewater Treatment Plant improvement to enhance treatment capacity and 
improve conveyance lines to deliver reclaimed water for irrigation purposes; and 
the non-potable water conveyance system, which will bring 6,000 acre-feet of 
surplus water from the Riverside groundwater basin annually, redirecting it to 
beneficial uses.  Western and Valley District share a long history of working 
cooperatively to address the imbalance between available water supplies and the 
demands of a growing population in the Inland Empire area of Southern 
California (the urbanized portions of San Bernardino and Riverside Counties).  
Valley District and Western sit on the Watermaster Committee for the Orange 
County Judgment (Orange County Water District v. City of Chino, et al., Case 
No. 117 628), and together make up the two-member Watermaster Committee 
for the Western Judgment (Western Municipal Water District of Riverside 
County v. East San Bernardino County Water District, Case No. 78426).  
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Western is a stakeholder in the Upper SAR region because of its share in 
managing the water resources of the Bunker Hill Basin. 

1.3.3 The San Jacinto Watershed Component of the Santa Ana 
Integrated Watershed Plan 

The San Jacinto IRWM Plan focuses on specific water management issues that 
address the unique and complex needs of the 732-square-mile San Jacinto 
watershed.  The plan is a component of the Santa Ana IWP.  The proposed San 
Jacinto Component Plan is a complementary planning effort that will build upon 
the work already completed by stakeholders participating in the SAWPA 
planning process.  SAWPA’s Santa Ana IWP adequately addresses management 
issues within the Santa Ana watershed as a whole.  The San Jacinto Creek 
watershed component would carefully consider unique water quality, habitat, 
National Pollutant Discharge Elimination System (NPDES) projects, need for 
additional reclaimed water management, and potential impacts of total maximum 
daily load (TMDL) requirements that specifically affect the residents (human, 
avian, animal, fish, plant, or insect) of the San Jacinto Creek sub-watershed.  This 
planning effort will address issues that are specific to the San Jacinto Creek 
watershed and integrate the solution strategies with the Santa Ana IWP.  The 
sheer size of the SAR watershed and the array of water resources naturally lend 
themselves to a large regional solution that integrates a number of watershed 
issues.  

Riverside County has been identified as one of the fastest growing counties in the 
United States.  This growth caused Riverside County to revise its General Plan in 
2002.  Further integration of water management strategies and coordination 
between competing interests would benefit the watershed as a whole and would 
allow for more orderly development in Riverside County and overall protection 
of the San Jacinto watershed consistent with the proposed IRWM Plan for the 
San Jacinto Creek watershed. 

1.3.4 The San Timoteo Watershed Management Authority IRWM 
Program 

The STWMA was formed in January 2001 by the Beaumont-Cherry Valley 
Water District (BCVWD), the City of Beaumont (Beaumont), the South Mesa 
Water Company, and the Yucaipa Valley Water District (YVWD).  The purpose 
of the STWMA is to prepare and implement a water resources management 
program for the San Timoteo watershed and the waters tributary thereto in order 
to conserve local water supplies, improve surface and groundwater quality and 
quantity, protect and enhance groundwater storage and recreational resources, 
preserve open space, protect wildlife habitat and wetlands, protect and enhance 
agriculture, and develop and enhance the region’s water resources for the benefit 
of the public.  The water resources management program is to include watershed 
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and basin monitoring; groundwater storage, banking, and conjunctive use; 
stormwater capture and management; recycled water programs and projects; 
wetlands, wildlife, and open space protection; water quality protection and 
enhancement; and water conservation and efficiency. 

The STWMA formed a stakeholder group to develop a watershed-scale 
integrated water resources management program that will provide a safe and 
reliable water supply for all water users in the watershed.  The San Timoteo 
Watershed Management Program (STWMP) was completed in March 2002 and 
was documented in the San Timoteo Watershed Management Program, Phase 1 
Report (March 2002).  The Phase 1 investigation inventoried the water resources 
in the STWMA service area and described the occurrence and quality of these 
waters.  The current and future water demands of the member agencies were 
described based on planning information provided by the STWMA member 
agencies and the City of Banning (Banning).  The water and recycled water 
master plans and the UWMPs of the agencies were reviewed to assess how 
STWMA member agencies and Banning were planning to meet their water 
demands and dispose of or reuse their recycled water.  This research revealed 
daunting water resource management challenges and opportunities.  

Currently, the proven local water supplies for the area are about 32,000 acre-feet 
per year and ultimate demand will be about 99,000 acre-feet per year; that is, the 
STWMA service area will need to develop 67,000 acre-feet per year of new 
supplies.  The STWMP was designed to ensure that the additional 67,000 acre-
feet per year of water will be there when it is needed.  

The STWMP accomplishes consideration and integration of multiple 
management strategies through eight management initiatives or program 
elements that are as follows:  

 Program Element 1 – Develop and Implement a Comprehensive 
Monitoring Program for Groundwater Level, Groundwater Quality, 
Production and Diversion, Subsidence, Surface Water Discharge, and 
Surface Water Quality.  Status – developed and implemented. 

 Program Element 2 – Develop and Implement a Comprehensive Surface 
Water Management and Recharge Program.  Status – program developed 
with some facilities implemented. 

 Program Element 3 – Develop and Implement a Regional Supplemental 
Water Master Plan for the STWMA Area.  Status – Plan is in early 
development. 

 Program Element 4 – Develop and Implement a Salt Management 
Program.  Status – developed and implemented. 

1-11 
 



 
Upper Santa Ana River Watershed Integrated 
Regional Water Management Plan 

 Program Element 5 – Establish a Groundwater Management Entity.  
Status – developed and implemented. 

 Program Element 6 – Develop Conjunctive-Use Programs.  Status – no 
progress. 

 Program Element 7 – Develop and Implement a Habitat and Recreation 
Program for the San Timoteo Creek Watershed.  Status – no progress. 

 Program Element 8 – Develop and Implement a Financial Plan to Enable 
the STWMP.  Status – no progress. 

The water resources management program and projects within the STWMP 
include improved water supply reliability, water quality protection and 
improvement, groundwater management, flood management, stormwater capture 
and management, water recycling, recreation and public access, environmental 
and habitat protection and improvement, wetlands enhancement and creation, and 
ecosystem restoration, as part of implementing the above program elements.  
These program elements and projects will enhance recharge of native and 
recycled water, maximize the direct use of recycled water, and optimize the use 
of imported water for direct use, recharge, and conjunctive use.  The estimated 
cost of STWMP implementation ranges from $200 to $300 million.  

STWMA updated the STWMP in 2005 to conform to the then IRWM Plan 
requirements.  STWMA and its member agencies continue to work together and 
with adjacent water management entities to implement its IRWM Plan.  The 
STWMA IRWM Plan is available for review at www.stwma.org. 
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1.4  Previous Related Work 

1.4.1 State Water Resources Control Board Orders 

In 1989 (WR 89-25) and again in 1998 (WR 98-08), the SWRCB included the 
SAR in its Declaration of Fully Appropriated Streams (Declaration).  Per this 
Declaration, the river was considered fully appropriated year-round.  In 1989, the 
California Water Code prevented the SWRCB from accepting any new 
applications to appropriate water from watercourses listed in the Declaration.   

In 1991, Valley District submitted an application on behalf of itself and Western 
to appropriate up to 100,000 acre-feet annually from the SAR (First Application).  
At that time, the river was categorized as fully appropriated.  However, in May 
1995, the SWRCB adopted procedures for reviewing the fully appropriated 
stream status and Valley District subsequently submitted a petition to revise the 
Declaration (First Petition) together with the 1991 First Application.   

The First Petition was followed in 1999 by a similar petition by Orange County 
Water District (OCWD).  The SWRCB held hearings on the petitions in 
December 1999.  Valley District provided evidence that demonstrated that 
urbanization, the resultant increased runoff, and increased releases of treated 
wastewater had increased flows in the SAR.  Additionally, the operation of Seven 
Oaks Dam would increase the availability of water for diversion during wet 
years.  Based on evidence in the hearing record, the SWRCB amended the 
Declaration in Order WR 2000–12 and allowed the water right applications 
submitted by Valley District and OCWD to be processed (SWRCB 2000).  Order 
WR 2000-12 did not determine the specific amount of water available for 
appropriation by petitioners.   

In May 2001, Valley District and Western jointly submitted a second application 
to appropriate another 100,000 acre-feet of water annually (Second Application) 
in addition to the 100,000 acre-feet per year previously requested under the First 
Application, along with a second petition to revise the Declaration (Second 
Petition).  The Second Petition and Second Application were based on updated 
hydrologic analyses submitted during the 1999 hearings.  These analyses 
indicated that in certain years more than 200,000 acre-feet of water is available 
for appropriation in the SAR.  Based on the hydrologic evidence, the SWRCB 
issued Order WR 2002-06, which revised the Declaration pursuant to the Second 
Petition (and similar petitions by other parties) and accepted the following 
applications for processing:  

 The Valley District and Western application (the Second Application) 
requesting a right to use a maximum of 100,000 acre-feet annually for 
direct delivery, recharge, or exchange; 
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 The Chino Basin Watermaster application requesting a right to divert 
97,000 acre-feet per year to groundwater storage; 

 The City of Riverside application proposing direct diversion of 75 cubic 
feet per second (cfs) throughout the year for a total maximum direct 
diversion of 41,400 acre-feet per year; and 

 Four minor applications for diversions of up to 102 acre-feet annually 
throughout the year from the west and east forks of Cable Creek within 
the SAR watershed.   

Order WR 2002-06 did not determine the specific amount of water available for 
appropriation or whether the amount of water available for appropriation is 
sufficient to approve the applications.  As in Order WR 2000-12, prior to any 
potential approval of the applications, the SWRCB requires that applications 
meet all necessary obligations under the California Environmental Quality Act 
(CEQA).   
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1.5 Overview of Governing Laws, Judgments, and 
Agreements 

This section briefly describes some of the governing laws, judgments, and 
agreements that are in place and have significant influence on water management 
in the region.  The intent of these brief descriptions is to provide the readers a 
general overview of these documents.  For a complete understanding of the 
agreements and judgments, please see the actual documents, which have been 
reproduced in Appendix A. 

1.5.1 Integrated Regional Water Management Planning Act 

In 2002, the California Legislature passed Senate Bill 1672, the Integrated 
Regional Water Management Planning Act, and the Governor signed it into law.  
The Bill added Part 2.2 (commencing with Section 10530) to Division 6 of the 
Water Code:  Conservation, Development and Utilization of State Water 
Resources. 

The Integrated Regional Water Management Planning Act authorized a “regional 
water management group” to prepare and adopt a regional plan in accordance 
with certain procedures that addresses programs, projects, reports, or studies 
relating to water supply, water quality, flood protection, or related matters, over 
which any local public agency that is a participant in that group has authority to 
undertake. 

The law requires DWR, the SWRCB, and the State Department of Health 
Services to include in any set of criteria used to select the projects and programs 
for grant funding “…a criterion that provides a benefit for qualified projects or 
programs.” 

To comply with the requirements of the law, DWR and SWRCB prepared 
standards (also referred to as IRWM Guidelines) for preparation of IRWM Plans.  
In addition, they established set criteria for selection of the projects and programs 
to be funded under Chapter 8 of Proposition 50, the Integrated Regional Water 
Management Implementation Grant Program.  The guidelines state that, “The 
intent of the IRWM Grant Program is to encourage integrated regional strategies 
for management of water resources and to provide funding, through competitive 
grants, for projects that protect communities from drought, protect and improve 
water quality, and improve local water security by reducing dependence on 
imported water.” 

This IRWM Plan is prepared in compliance with the Integrated Regional Water 
Management Planning Act and DWR and SWRCB Guidelines and the intent of 
the grant program.   
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1.5.2 Groundwater Management Planning Act 

In 2002, Senate Bill 1938, Groundwater Management Planning Act of 2002, was 
enacted into law.  This law amended AB3030, which authorizes a local agency to 
prepare and implement a groundwater management plan.  This law requires a 
local agency that elects to develop a groundwater management plan to follow 
specific requirements, including public notification and public involvement 
process as summarized below. 

 Make available to the public a written statement describing the manner in 
which interested parties would be allowed to participate in the 
development of the plan.  

 For the purposes of qualifying as a groundwater management plan and 
for receiving State funds administered by DWR for the construction of 
groundwater projects or groundwater quality projects, prepare and 
implement a plan that includes certain basin management objectives 
(BMOs) and components and adopt certain monitoring protocols. 

 The law requires the local agency to submit a copy of the plan to DWR, 
in an electronic format, if practicable, approved by the DWR, and DWR 
would be required to make copies available to the public.   

 Prior to adopting a resolution of intention to draft a groundwater 
management plan, a local agency shall hold a hearing after publication of 
notice on whether to adopt a resolution of intention to draft a 
groundwater management plan pursuant to this part for the purposes of 
implementing the plan and establishing a groundwater management 
program.  At the conclusion of the hearing, the local agency may draft a 
resolution of intention to adopt a groundwater management plan pursuant 
to this part for the purposes of implementing the plan and establishing a 
groundwater management program.  Upon written request, the local 
agency shall provide any interested person with a copy of the resolution 
of intention.  

 The local agency shall prepare a groundwater management plan within 
two years of the date of the adoption of the resolution of intention.  If the 
plan is not adopted within two years, the resolution of intention expires, 
and no plan may be adopted except pursuant to a new resolution of 
intention adopted in accordance with this chapter. 

 After a groundwater management plan is prepared, the local agency shall 
hold a second hearing to determine whether to adopt the plan.  Notice of 
the hearing shall be given pursuant to Section 6066 of the Government 
Code.  The notice should include a summary of the plan and shall state 
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that copies of the plan may be obtained for the cost of reproduction at the 
office of the local agency.  At the second hearing, the local agency shall 
consider protests to the adoption of the plan.  At any time prior to the 
conclusion of the hearing, any landowner within the local agency may 
file a written protest or withdraw a protest previously filed. 

Senate Bill 1938 does not require local agencies to prepare a groundwater 
management plan for the basins that are managed through adjudications.  These 
long-standing adjudications govern the water rights and management of the 
basins.  Any groundwater management planning would need to conform with the 
provisions of those adjudications and would require agreement and approval of 
the parties in those adjudications.  The basins in the Upper Santa Ana watershed 
are adjudicated “in gross.”  The agencies in the region, however, decided to 
prepare the plan because they strongly support the intent of the law that states, “It 
is the intent of the Legislature to encourage local agencies to work cooperatively 
to manage groundwater resources within their jurisdictions.  The preparation of 
certain basin management objectives will assist local agencies in optimizing local 
resources while protecting groundwater and surface water resources.  The 
preparation of basin management objectives also will facilitate an understanding 
of the basin or subbasin, thereby allowing local agencies, individually and 
cooperatively, to meet local, regional, and state water needs through conjunctive 
management, while ensuring that no particular water supply is jeopardized.”  

A purpose of this IRWM Plan is to meet the intent and requirements of Senate 
Bill 1938.   

1.5.3 Orange County Judgment 

In 1963, the OCWD filed suit against substantially all water users in the area 
tributary to Prado Dam seeking adjudication of water rights on the SAR.  The 
litigation ultimately involved over 4,000 served water users and water agencies, 
the four largest of which were OCWD, Valley District, Western, and the Chino 
Basin Municipal Water District (now the Inland Empire Utilities Agency).  Given 
the magnitude of the potential litigation, these four districts and other parties 
developed a settlement that was approved by the Orange County Superior Court 
in a stipulated judgment entered on April 17, 1969 (Orange County Judgment).  
The Orange County Judgment imposes a physical solution that requires parties in 
the Upper SAR watershed to deliver a minimum quantity and quality of water to 
points downstream, including Riverside Narrows and Prado Dam.  A provision of 
the Orange County Judgment related to conservation establishes that once the 
flow requirements are met, the upper area parties “…may engage in unlimited 
water conservation activities, including spreading, impounding, and other 
methods, in the area above Prado reservoir.”  The Orange County Judgment is 
administered by the five-member SAR Watermaster that reports annually to the 
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court and the four representative agencies.  Valley District, Inland Empire 
Utilities Agency, and Western nominate one member each to the Watermaster; 
OCWD nominates two members; and members are then appointed by the court.   

1.5.4 Western Judgment 

The Western Judgment, entered simultaneously with the Orange County 
Judgment, settled rights within the Upper SAR watershed in part to ensure that 
those resources upstream of Riverside Narrows would be sufficient to meet the 
flow obligations of the Orange County Judgment at Riverside Narrows.  Toward 
this end, the Western Judgment generally provides for the following: 

 A determination of safe yield of the San Bernardino Basin Area (SBBA), 

 Establishment 64,872 acre-feet rights that can be extracted from the 
SBBA by plaintiff parties. This is equal to 27.95 percent of safe yield, 

 An obligation of Valley District to replenish any extractions from SBBA 
by non-plaintiffs in aggregate in excess of  167,228 acre-feet(equal to 
72.05 percent of safe yield), 

 An obligation of Western to replenish the Colton and Riverside Basins if 
extractions for use in Riverside County in aggregate exceed certain 
specific amounts, and 

 An obligation of Valley District to replenish the Colton and Riverside 
basins if water levels are lower than certain specific water level 
elevations in specified wells. 

Like the Orange County Judgment, the Western Judgment identifies regional 
representative agencies to be responsible, on behalf of the numerous parties 
bound thereby, for implementing the replenishment obligations and other 
requirements of the judgment.  The representative entities for the Western 
Judgment are Valley District and Western.  Valley District and Western are 
principally responsible for providing replenishment of the groundwater basins if 
extractions exceed amounts specified in the judgment or as determined by the 
Watermaster.  For the purposes of this replenishment obligation, Valley District 
acts on behalf of all defendants (Non-Plaintiffs) dismissed from the Western 
Judgment and, similarly, Western acts on behalf of the Plaintiffs and other 
dismissed parties within Western.  Plaintiff parties with specific rights to produce 
27.95 percent of the safe yield from the SBBA are the City of Riverside, 
Riverside Highland Water Company, Meeks & Daley Water Company, and the 
Regents of the University of California (Regents).  The Western Judgment is 
administered by the two-person Western-San Bernardino Watermaster—one 
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person nominated each by Valley District and Western, and both appointed by 
the court. 

Like the Orange County Judgment, the Western Judgment contemplates that the 
parties will undertake “new conservation,” which is defined as any increase in 
replenishment from natural precipitation resulting from operation of works and 
facilities that did not exist in 1969.  The Western Judgment specifies that the 
parties to the judgment have the right to participate in any new conservation 
projects and, provided their appropriate shares of costs are paid, rights under the 
judgment are increased by the respective shares in new conservation 
(72.05 percent by Valley District and 27.95 by Western). 

1.5.5 The Beaumont Basin Judgment 

In February 2003, the STWMA filed suit in Riverside County Superior Court to 
adjudicate pumping and storage rights in the Beaumont Basin.  The STWMA and 
the major pumpers developed a Stipulated Agreement to resolve the lawsuit.  In 
February 2004, the Stipulated Agreement was approved by the Court.    

This Stipulated Agreement established pumping rights among the two major 
classes of pumpers—overlying and appropriative pumpers.  The overlying 
pumpers were assigned fixed rights with some flexibility to vary their maximum 
use during any five-year period.  The safe yield established in the Stipulated 
Agreement is 8,650 acre-feet per year.  The total of the overlying producers’ 
rights is equal to the safe yield.  Collectively, the overlying pumpers produce 
substantially less than their aggregate rights.  Appropriators’ rights are stated as a 
percentage or fraction of water in the safe yield that is not used by the overlying 
pumpers.  The Stipulated Agreement provides for the orderly transition of land 
use and associated water uses through detailed provisions that require the 
assignment of rights from an overlying pumper to an appropriator when the 
appropriator provides service to the lands of the overlying pumper.  

The Stipulated Agreement declares that there is a temporary surplus of water in 
the basin of 160,000 acre-feet.  The temporary surplus can be used by the 
appropriators during the first ten years of the Stipulated Agreement.  The 
appropriators will store the unused portion of the temporary surplus for use in 
subsequent years.  The intent of removing the temporary surplus is to create 
additional evacuated storage space in the basin for use in storing supplemental 
water.  The Stipulated Agreement gives control of the evacuated storage space in 
the basin and the overall management of storage to the Watermaster. 

1.5.6 1961 Rialto Basin Judgment 

The Rialto-Colton Basin was adjudicated in the Lytle Creek Water & 
Improvement Company vs. Fontana Ranchos Water Company, et. al., San 
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Bernardino County Superior Court Action 81264, entered on December 22, 1961.  
Limits on groundwater extractions are based on the average of the spring-high 
water level elevations of three wells within the basin.  The pro rata water 
productions by each party (City of Colton, City of Rialto, Fontana Union Water 
Company, Citizen Land and Water Company, and Lytle Creek Water 
Improvement Company) are based on the “spring-high water level” in the three 
index wells as described below: 

 Above 1002.3 feet   Unlimited 
 Between 1002.3 and 969.7 feet  As imposed by the judgment 
 Below 969.7 feet   Reduced by 1% for every foot  
      the average is below 969.7 

At the request of the stipulating parties, Valley District monitors compliance with 
the decree and has since the early 1990s. 

1.5.7 Cooperative Agreement to Protect Water Quality and 
Encourage the Conjunctive Uses of Imported Water in the 
Santa Ana River Basin 

Water agencies within the Santa Ana River watershed recognize the importance 
of protecting the quality of its groundwater resources.  In July 2007, many of 
these agencies (Parties) entered into an agreement with the RWQCB for purposes 
of monitoring and improving water quality within the SAR Region.  The 
agreement is limited in scope and specifically addresses Salinity Objectives. 
 
Generally, the agreement requires that the Parties analyze the effects on water 
quality of recharging imported water into groundwater basins.  This analysis will 
be compiled into a report and submitted to the RWQCB every three years 
(Triennial Water Quality Report).  In addition, any new project that will include 
the recharge of imported water must analyze its effects prior to implementation.  
A copy of this agreement is provided in Appendix A. 

1.5.8 Seven Oaks Accord 

On July 21, 2004, Valley District, Western, the City of Redlands, East Valley 
Water District, Bear Valley Mutual Water Company (Bear Valley Mutual), 
Lugonia Water Company, North Fork Water Company, and Redlands Water 
Company signed a settlement agreement known as the Seven Oaks Accord 
(Accord).  The Accord calls for Valley District and Western to recognize the 
prior rights of the water users for a portion of the natural flow of the SAR.  In 
exchange, the water users agree to withdraw their protests to the water right 
application submitted by Valley District on behalf of itself and Western.  All the 
parties to the Accord have agreed to support the granting of other necessary 
permits to allow Valley District and Western to divert water from the SAR.  By 
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means of the Accord, Valley District agreed to modify 
its water right applications to incorporate 
implementation of the Accord.  Additionally, the 
Accord calls for Valley District to develop and manage 
a groundwater spreading program that will maintain 
groundwater levels at a number of specified wells 
owned and operated by the other parties.  This 
integrated management of the basin will be adopted 
within five years of SWRCB approval of the water 
right applications.  A copy of the Accord is shown in 
Appendix A.  

Management of water resources in the Valley 
District/Western service area takes place within a 
complex legal and institutional framework as will be 
discussed in the next section.  Development of a 
comprehensive, coordinated regional water 
management plan will involve the cooperation of 
many parties interested in water management in 
addition to the signatories of the Accord.  The Accord 
provides the framework and a cooperative 
environment for major water entities in the Upper SAR 
watershed to prepare a plan for the integrated 
management of the region’s surface water and 
groundwater resources.  This IRWM Plan enhances 

and refines the current management and planning activities 
within the region and develops regional water management 
strategies and the framework for their implementation.   

View from upstream of Seven Oaks Dam 
under construction 

1.5.9 Agreement Relating to the Diversion of Water from the Santa 
Ana River System Among Western Municipal Water District 
of Riverside County, Valley District and City of Riverside 

In July 2004 a Settlement Agreement Relating to the Diversion of Water from the 
Santa Ana River System (the Seven Oaks Accord) was signed.  The agreement 
requires Valley District and Western to develop a groundwater spreading 
program in cooperation with other parties, “That is intended to maintain 
groundwater levels at the specified wells at relatively constant levels, in spite of 
the inevitable fluctuations due to hydrologic variation.”  Other requirements of 
the Seven Oaks Accord are as follows:  

i) The groundwater management plan shall identify target water-level 
ranges in the specified “index wells” subject to the requirement that 
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such spreading will not worsen high groundwater levels in the 
Pressure Zone.  

ii) Thresholds of significance in terms of SAR water diverted by Valley 
District and Western and spreading by all parties should be observed.  
See Appendix I of the Accord (sidebar). 

iii) The determination as to whether a certain groundwater management 
action will “worsen” high groundwater levels in the Pressure Zone is 
made through the use of the integrated surface and groundwater 
models. 

iv) An “integrated management program” must be “adopted” within five 
years of the date the SWRCB grants a permit to Valley 
District/Western to divert water from the SAR.  Valley District and 
Western have presented their data to the SWRCB and were told that 
any permit “terms” would be available in late 2007. 

v) Water users agree to limit spreading to conform to an annual 
management plan. 

1.5.10 Local Institutional Considerations 

1.5.10.1 Santa Ana River-Mill Creek Cooperative Water Project Agreement 

The SAR-Mill Creek Cooperative Water Project Agreement (informally known 
as the Exchange Plan) is an agreement among 9 agencies and water companies in 
eastern San Bernardino Valley executed in May 1976.  The 9 parties to the 
Exchange Plan are as follows: 

 Redlands Water Company, Bear Valley Mutual, Crafton Water 
Company, North Fork Water Company [East Valley Water District], 
Lugonia Water Company, City of Redlands, San Bernardino Water 
Conservation District (SBVWCD), YVWD, and the Valley District; 

In an effort to avoid pumping costs and to lower the overall cost of water, the 
parties have agreed to the exchange of water from the SAR, Mill Creek, and the 
SWP.  The agreement is described as a “bucket-for-bucket exchange,” whereby a 
party to the agreement provides a “bucket” of their water to a second, higher 
elevation party, and the second party provides a “bucket” of water from an 
alternate, lower elevation source back to the original party.  To facilitate 
exchanges, parties to the agreement share their existing facilities.  However, 
specific facilities (called Cooperative Water Project facilities) were built and are 
operated by Valley District in part to accommodate Exchange Plan deliveries.  
Given the three water sources and the available facilities, there are multiple 
delivery possibilities.  Examples of exchanges that occur under the Exchange 
Plan include two-level exchanges, three-level exchanges, and water banking with 
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DWR.  In a two-level exchange, two water sources are used; for example, SAR 
water is delivered to Mill Creek water users, and, in return, an equal amount of 
SWP water is delivered to SAR water users.  In a three-level exchange, three 
sources are used.  For example, Mill Creek water is delivered to the Yucaipa 
area, an equal amount of SAR water is then delivered to Mill Creek water users, 
and finally SWP water is delivered to SAR water users.  To bank water within 
the SWP, a party entitled to local water exchanges their water when the local 
water is available and then takes SWP water at a later date. 

1.5.10.2 Big Bear Lake Operations 

Bear Valley Dam, which forms Big Bear Lake, is the only major dam that affects 
runoff into Seven Oaks Dam.  Big Bear Lake is a water conservation reservoir 
presently owned by the Big Bear Municipal Water District (Big Bear Municipal).  
Big Bear Lake is located on Bear Creek, a tributary to the SAR.  The lake has a 
drainage area of about 38 square miles.  

Bear Valley Mutual and its predecessors constructed, owned, and operated Big 
Bear Lake as a supplemental water supply reservoir to meet the irrigation water 
supply demand within the Bear Valley Mutual service area in the easterly end of 
the San Bernardino Valley.  Historical irrigation releases during dry periods 
sometimes caused low water levels in Big Bear Lake.   

As recreation uses of Big Bear Lake became more important, Big Bear Municipal 
sought to control the water levels in the lake.  On February 4, 1977, a stipulated 
judgment was entered in San Bernardino County Superior Court for Case No. 
165493 Big Bear Municipal Water District vs. North Fork Water Co. et al.  Big 
Bear Municipal obtained the opportunity to furnish “in-lieu” water from several 
other named sources other than Big Bear Lake to meet the water supply demands 
of Bear Valley Mutual.  Big Bear Municipal was allowed to retain an amount of 
water in Big Bear Lake equal to the amount of water furnished in-lieu to Bear 
Valley Mutual.  Big Bear Municipal explored and implemented the alternate 
sources.  Providing water from these alternate in-lieu sources resulted in water 
being retained in Big Bear Lake to stabilize the water levels in the lake.  

On May 1, 1987, Big Bear Municipal adopted operating criteria for Big Bear 
Lake that contain conditions regarding when Big Bear Municipal will release 
water from Big Bear Lake and when Big Bear Municipal will acquire in-lieu 
water for Bear Valley Mutual. 

On February 16, 1995, the SAR Water Quality Control Board adopted Order No. 
95-4, which requires that Big Bear Municipal make releases from Big Bear Lake 
through Bear Valley Dam to provide water for preservation of fish in Bear Creek.   
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On February 1, 1996, Big Bear Municipal and Valley District entered into an 
agreement that provides for Valley District to furnish all in-lieu water that Big 
Bear Municipal needs to meet the water supply demands of Bear Valley Mutual.   

As a result of the stipulated Judgment, Big Bear Lake is now maintained at 
higher levels for recreational uses.  The lake will spill (i.e., need to release water 
because the reservoir is full) more often than occurred under the historic 
irrigation supply operation.  However, inflow to the SAR during irrigation 
months may be less than historic irrigation releases.  Inflow to the SAR during 
winter months may be greater than under the historic operation of Bear Valley 
Dam.  The changes in the operation of Big Bear Lake from an irrigation water 
supply reservoir to a recreation reservoir result in changes in the timing and 
amounts of water Big Bear Lake and Bear Creek contribute to the SAR. 

1.5.10.3 Settlement Agreement with San Bernardino Valley Water Conservation 
District  

Within the settlement agreement dated August 9, 2005, Valley District, Western, 
and the SBVWCD have agreed to work cooperatively to develop an annual 
groundwater management plan.  A copy of the agreement is provided in 
Appendix A. 

1.5.10.4 Memorandum of Understanding (MOU) with the City of Riverside 

In September 2005, Valley District, Western, and the City of Riverside entered 
into an MOU.  The MOU stated that the intent of Valley District/Western is to 
work cooperatively with the City of Riverside to devise institutional and physical 
arrangements through which the city could directly benefit from “new 
conservation” undertaken as part of the Western Judgment and the pending 
Valley District/Western water right applications.  The MOU states, “The Parties 
(Valley District, Western, and the City of Riverside) shall engage in good-faith 
negotiations with the goal of reaching a long-term agreement relating to the 
purchase, storage, and sale to Riverside by Western of imported water stored in 
the SBBA, and relating to storage, transport and delivery of conservation water 
from the Seven Oaks Dam...” 

1.5.10.5 Institutional Controls and Settlement Agreement (ICSA) 

The City of San Bernardino Municipal Water Department (SBMWD) is a party 
to a consent decree lodged with the United States District Court, Central District 
of California, Western Division (Court), on August 18, 2004.  The Consent 
Decree obligates SBMWD to operate and maintain a system of wells and 
treatment plants known as the Newmark Groundwater Contamination Superfund 
Site (Newmark Site).  The Newmark Site specifically treats groundwater 
contaminated with trichloroethylene (TCE) and perchloroethylene (PCE).  The 
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SBMWD is required by the terms of the Consent Decree, entered on March 23, 
2005, to enact institutional controls and implement an ordinance providing for 
the protection and management of the Interim Remedy set forth in the Record of 
Decisions and Explanation of Significant Differences prepared by the U.S. 
Environmental Protection Agency.   

The City of San Bernardino Ordinance No. MC-1221, approved in March 2006, 
establishes the management zone boundaries within the City of San Bernardino 
for water spreading and water extraction activities.  The Consent Decree requires 
the City of San Bernardino to implement an ordinance to ensure that activities 
occurring in the management zone do not interfere or cause pass-through of 
contaminants from the Newmark and Muscoy Operable Units.  The Interim 
Remedy requires the extraction of contaminated groundwater from the Bunker 
Hill Groundwater Basin and within the Newmark and Muscoy Operable Units, 
and treatment of the groundwater to meet all State and federal permits and 
requirements for drinking water.  A permit by the SBMWD pursuant to the 
provisions outlined in the ordinance should first be obtained for any spreading 
(artificial recharge) or extracting (well pumping) within the Management Zones, 
as defined in the ordinance. 

An ICSA has been executed to develop and adopt a successor agreement, titled 
Institutional Controls Groundwater Management Program (ICGMP), between the 
following parties: 

(1) City of San Bernardino Municipal Water Department 

(2) Valley District 

(3) Western Municipal Water District 

(4) City of Riverside 

(5) West Valley Water District 

(6) East Valley Water District 

(7) City of Colton 

(8) Riverside Highland Water Company 

The parties listed above will not be subject to the provisions of City of San 
Bernardino Ordinance No. MC-1221 as long as each is a party to the ICSA and, 
subsequently, the ICGMP Agreement. 
 

1.5.10.6 Settlement Agreement between City of San Bernardino and City of 
Riverside and Riverside Water Company 

In November 1922, after a Supreme Court of the State of California decision, the 
City of San Bernardino (Plaintiff) and the City of Riverside and Riverside Water 
Company (Defendants) negotiated a settlement agreement to take, divert, and use 
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water from the “San Bernardino Artesian Basin,” Lytle Creek, Warm Creek, and 
Devil Canyon Creek.  The agreement was approved by the San Bernardino 
County Superior Court in a stipulated judgment that constituted authorities and 
rights of the parties for taking, diverting, and using the water.  The court also 
established a provision for daily record keeping of all the diversions and use of 
water by all said parties. 
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1.6 Purpose and Need for the IRWM Plan 

The primary purpose of this IRWM Plan is to assist local agencies with 
developing tools for optimizing management and the use of the region’s water 
resources while protecting the groundwater basins from water quality 
degradation and the threat of liquefaction.  The implemented IRWM Plan will 
reduce reliance on imported water during the drought periods and optimize the 
use of both native and imported supplies to help meet water demands even during 
extended periods of below-average precipitation.  Basin management objectives, 
an integral component of the IRWM Plan, will facilitate formulation of specific 
strategies and projects to meet local and regional drought-year water needs 
through conjunctive management, while ensuring that no particular water supply 
resource is jeopardized.  The purpose of the plan as stated above is consistent 
with the intent and requirements of the Integrated Regional Water Management 
Planning Act and Groundwater Management Planning Act of 2002 described in 
Section 1.5.  Below are the specific needs for developing this plan.  

1.6.1 Uncertainty of Imported Water Alone to Meet Long-Term 
Needs 

The water purveyors within the region will rely on imported water from the SWP 
to meet a portion of their water needs through groundwater recharge and direct 
deliveries into the future.  Valley District’s annual entitlement to SWP water is 
102,600 acre-feet.  Other SWP contractors in the region include SGPWA.  There 
is uncertainty of SWP delivery capability in dry years and the expected SWP 
water deliveries are less than anticipated when the contracts were signed.  In 
November 2005, DWR released the “Public Review Draft” of “The State Water 
Project Delivery Reliability Report 2005.”  This report presents water delivery 
capability of the SWP under various hydrologic conditions.  Modeling was used 
to estimate the SWP water delivery capabilities.  Table 1-1 summarizes the 
results of the SWP modeling efforts conducted for the report. 

Table 1-1  
SWP Dry Year Delivery as a Percentage of SWP Table A Entitlement 

Study 
Average 
1922-94 

Lowest 
Single-Year 

Delivery 
1977 

Lowest Two 
Consecutive 
Year Delivery 

1976-77 

Lowest Six 
Consecutive 
Year Delivery 

1987-92 

 – 2005 Level of Demand 68% 4% 41% 42% 

 – 2030 Level of Demand 77% 5% 40% 42% 

  Public Draft of the State Water Project Delivery Reliability Report, 2005. 

 
The modeling results indicate that in a six-year dry period, SWP delivers less 
than half of its contractors’ entitlements and in a 1977 drought-year type, SWP 
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can deliver only about five percent of its 
contractors’ entitlements.  Based partly on these 
projected SWP deliveries, the water purveyors 
within the region desire to improve their local 
and regional water supply reliability during 
future droughts and, therefore, have prepared this 
plan to manage their groundwater basins 
conjunctively with other sources in an effort to 
optimize their use. 

In addition, the Seven Oaks Accord calls for 
Valley District/Western to cooperatively develop 
an integrated groundwater management plan that 
is intended to maintain groundwater levels at a 
number of specified wells owned and operated by 
the other parties.  The Accord requires that this 
integrated management program be adopted 
within five years of SWRCB approval of the 
Valley District/Western water right applications.  
This IRWM Plan will satisfy these requirements of the Accord for preparation 
and adoption of an integrated groundwater management plan for the SBBA. 

The California Aqueduct conveys water from Northern 
California into the Region. 

1.6.2 Threat of Liquefaction in the Pressure Zone 

Liquefaction is a form of seismically induced ground failure.  In cohesionless, 
granular material having low relative density, such as loose sandy sediment, 
seismically induced vibrations can disturb the particle framework, leading to 
increased compaction of the material and reduction of pore space between the 
grains.  If the sediment is saturated, water occupying the pore spaces resists this 
compaction and exerts pore pressure that reduces the contact stress between the 
sediment grains.  With continued shaking, transfer of intergranular stress to pore 
water can generate pore pressures great enough to cause the sediment to lose its 
strength and change from a solid state to a liquid state, called liquefaction.  This 
mechanical transformation can cause various kinds of ground failure at or near 
the ground surface.   

The liquefaction process typically occurs at depths less than 50 feet below 
ground surface.  Diminished susceptibility to liquefaction as depth increases is 
caused by an increase in overburden pressure and induration of sedimentary 
deposits.  The depth to groundwater and distance to the causative fault affect the 
relative susceptibility to liquefaction.  Much of the San Bernardino Valley is 
located in an area of liquefaction susceptibility.  The most likely scenario for 
significant liquefaction to occur in the San Bernardino Valley would be as a 
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result of an earthquake on the adjacent San Andreas, San Jacinto, or Cucamonga 
faults (Matti and Carson 1991).    

The main zones of elevated liquefaction susceptibility within the San Bernardino 
Valley are associated with shallow groundwater that occurs under the modern 
floodplains of Cajon Creek, Warm Creek, and the SAR.  Recently deposited 
Holocene sediments that would be expected to have lower penetration resistance 
and higher susceptibility than older sediments underlie these areas.  However, 
even the older Holocene and uppermost Pleistocene sediments have elevated 
susceptibilities comparable to those in the younger deposits.  This fact accounts 
for zones of high and moderately high susceptibility that extend away from the 
modern floodplains and into adjacent areas underlain by older deposits (Matti 
and Carson 1991).   

In the southern part of the SBBA, on the northeast side of the San Jacinto fault, 
there are approximately 1,200 feet of unconsolidated and partly consolidated 
water-bearing deposits.  In the area between Warm Creek and the SAR, the upper 
confining member of this aquifer acts to restrict vertical flow, causing semi-
confined conditions in the upper 50 to 100 feet of saturated materials (Dutcher 
and Garrett 1963).  This area is considered the Pressure Zone of the SBBA and is 
also referred to as the Area of Historic High Groundwater.  Historically, this 
scenario resulted in perched, very shallow groundwater conditions, at times rising 
to ground surface level, which increased the potential for liquefaction and locally 
flooded buildings in the City of San Bernardino.  Groundwater pumping since the 
early 1900s increased the minimum depth to groundwater in this area to 50 feet 
by the 1960s but, during the 1970s and 1980s, groundwater was locally within 10 
feet of the ground surface beneath the City of San Bernardino (CDMG 1976, 
Matti and Carson 1991).   

In the past, groundwater levels in the Pressure Zone rose high enough under these 
semi-confined conditions to cause rising water and increase the potential for 
liquefaction.  High groundwater levels in this area have damaged building 
foundations, flooded basements and utility structures, and increased the potential 
for liquefaction in this seismically active region.  The Pressure Zone is located 
wholly within the City of San Bernardino.  In the 1930s and 1940s, some wells in 
the Pressure Zone flowed artesian as shown below.  Over the long-term, 
however, groundwater levels in the Pressure Zone are dropping with the depth to 
groundwater increasing. 
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The San Bernardino Basin area has unusually high groundwater 
levels in its history.  This photo shows an artesian well. 

High groundwater in the Pressure Zone is further aggravated by the direction of 
groundwater flow in the Bunker Hill Basin, which is generally in a southwesterly 
direction from the San Bernardino Mountains to the San Jacinto fault.  The fault 
zone generally runs perpendicular to the groundwater flow and acts as a barrier, 
or partial barrier, causing the groundwater to “dam up” behind the fault and rise 
upward toward the land surface. 

An objective of this IRWM Plan is to develop tools that might be used by water 
agencies to manage the groundwater levels in the Pressure Zone to reduce the 
risk of liquefaction in the area.  Specific BMOs will be developed to manage the 
basin in order to reduce the associated risks. 
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1.7 IRWM Plan Planning Process 

As the lead agency, Valley District facilitates meetings and coordinates 
preparation of the draft and final IRWM Plan.  The district is organizing 
meetings and facilitating exchange and sharing of data and information among its 
members.  Valley District has also signed a contract with DWR to receive a grant 
for preparation of the IRWM Plan and to provide contract administrative 
functions.  Members of the Association who participate in the planning process 
and develop the IRWM Plan represent their respective agencies and provide 
comments on the planning process, studies, and the draft IRWM Plan.  They also 
provide status reports to their agency boards.  The final IRWM Plan will be 
presented to each agency’s governing board or council for adoption. 

1.7.1 Technical Advisory Group Member Agencies  

In 2005, the TAG was formed to act as the “Regional Management Group” for 
preparing the IRWM Plan.  The TAG consists of 14 members (see Section 1.2).  
Descriptions of each of the member agencies participating in the IRWM Plan 
preparation and their water management activities in the region are provided in 
Section 1.8. 

1.7.2 Public Participation 

The TAG developed and implemented the public involvement process to ensure 
that the public was also informed about the development of the IRWM Plan.  
This process included regularly scheduled meetings of the TAG throughout the 
IRWM Plan process that allowed the public recurring opportunities to provide its 
input.  The public was given the opportunity to participate in the planning 
process in the following ways:  

 Attending public meetings of the TAG.  TAG meetings were designed to 
be public meetings.  Notice was given in local publications about the 
meetings and how to get timely and up-to-date information about the 
planning process. 

 Availability of the public draft of the plan was announced in local 
newspapers.  The draft plan was made available to the public for review 
and comment.  Comments were reviewed by the TAG and were 
incorporated as appropriate. 

 The public was invited to provide written comments to Valley District 
throughout the planning process. 

 The public was invited to attend all of the public hearings conducted 
during the planning process.  Notice of these hearings was published in 
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two local newspapers prior to the scheduled meeting time.  Each hearing 
notice included an agenda and the time and location of the hearing.  
Members of the TAG were at the hearings to answer questions, solicit 
input, and increase public awareness of the proposed IRWM Plan.  Proof 
of Publication for each hearing can be found in Appendix D.  Meeting 
minutes and board resolutions relating to the IRWM Plan development 
and adoption process are also included in Appendix D. 

 The TAG held four public hearings, as follows:  

1. On May 9, 2005, Valley District, as the lead agency, conducted a 
public hearing to brief the public of its intent to act as the lead 
agency on behalf of the Association for purposes of submitting 
applications and entering into an agreement(s) to receive a 
planning grant and/or an implementation grant pursuant to the 
Water Security, Clean Drinking Water, Coastal and Beach 
Protection Act of 2002, Water Code Section 79560 et seq., 
(Proposition 50). 

2. On March 15, 2006, Valley District, as lead agency, held a public 
hearing and adopted a resolution of intent to prepare an IRWM 
Plan. 

3. On April 5, 2006, Valley District, acting as the lead agency, held a 
public hearing (after publication of a notice that included the 
schedule and location of the hearing) to inform the public of its 
adoption of a resolution of intent to prepare an IRWM Plan.  The 
focus of the meeting was to brief the public and interested parties 
about the planning process, schedule, content, and how the public 
could provide input in developing the water management plan.  
Interested parties and the general public were encouraged to 
attend the hearing and provide comments to Valley District.  At 
this hearing, the lead agency also described the manner in which 
interested parties could participate in developing the IRWM Plan. 

4. In December 2007, Valley District, acting as the lead agency, will 
hold a public hearing after publishing a notice of intent to hold a 
hearing to receive comments on the public draft of the IRWM 
Plan and the intent to adopt the plan.  The notice will include a 
summary of the plan and state the means of providing copies of 
the plan to interested parties.  Member agencies of the TAG will 
participate in this hearing. 
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 Each agency who participated in the TAG published a notice informing 
the public of its intention to participate in the planning process and held a 
public meeting to determine whether to adopt a resolution to engage in 
preparation of the agency’s IRWM Plan, as documented in Appendix D. 

 Throughout the development of the IRWM Plan, members of the TAG 
presented quarterly, or more frequent, status updates to their governing 
boards or board subcommittees at regularly scheduled meetings.  These 
public meetings included a posted agenda item for the IRWM Plan.  The 
public was encouraged to participate in these meetings. 

 The governing bodies of the participating agencies scheduled a 
discussion of the draft plan in their regular meetings, provided 
information to the public regarding the content of the draft plan, and 
received comments prior to adopting the IRWM Plan.  The TAG also 
coordinated the development of the IRWM Plan with SWRCB and 
DWR.  The final IRWM Plan will be submitted to DWR and SWRCB, 
pursuant to the guidelines. 

SBVMWD Advisory Commission on Water 
Mission Statement 

“It shall be the function of the Commission to study and 
make recommendations to the Board of Directors on 
matters of water policy for the District.  The Commission 
shall study such matters of water policy as are submitted 
to it by the Board for Consideration and may study such 
other matters of water policy as the Commission deems 
appropriate.”  SBVMWD Ordinance No. 61, July 6, 
1987. 

 The San Bernardino Valley Municipal Water District Advisory 
Commission on Water Policy (Advisory Commission) has been 
established to advise Valley District on water policy issues within its 

service area.  The water purveyors and 
governmental entities in Valley 
District’s service area have 
representatives on the Advisory 
Commission.  During the 
preparation of the IRWM Plan, 
the Advisory Commission met 
on a regular basis, and the staff 
and consulting team briefed the 
Advisory Commission on 
development of the IRWM 
Plan.  The Advisory 
Commission members showed a 
great level of interest in 
development of the IRWM Plan 

and provided guidance on the issues.  
The public was invited to these meetings and participated in the 
discussions. 

 The Advisory Commission held a public meeting on October 18, 2007, 
to receive public comments on the Draft IRWM Plan. 
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In summary, the Advisory Commission and the TAG encouraged public 
participation in preparation of the IRWM Plan to ensure the public’s comments 
were considered in decisions about water management in the region.   

1.7.3 Dispute Resolution Process 

The TAG was effectively used as a tool for the resolution of water management 
issues in the basin.  Discussion of issues in the TAG meetings, an open and 
transparent process, resulted in a cooperative relationship between water users of 
the basin.  The management process for the SBBA involves the creation of the 
Basin Technical Advisory Committee (BTAC).  It is anticipated that the BTAC 
will provide a forum for discussion and early resolution of water issues in the 
region.  If the dispute cannot be resolved at this level, it will be elevated to the 
policy level (Advisory Commission, Board of Directors, City Councils, etc.). 
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1.8 Water Agencies in the Region 

Numerous agencies provide water services to communities within the IRWM 
Plan Area.  Figure 1-3 shows the boundaries of water agencies within the region.  
A brief description of each member of the TAG as well as other water purveyors 
in the region is presented below. 
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Figure 1-3 
Water Agencies in the Region 
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1.8.1 San Bernardino Valley Municipal District 

Valley District was formed in 1954, under the Municipal Water District Act of 
1911 (California Water Code Section 71000 et seq.) as a regional agency to plan 
a long-range water supply for the San Bernardino Valley.  It imports water into 
its service area through participation in the SWP and manages groundwater 
storage within its boundaries.  Its enabling act includes a broad range of powers 
to provide water, wastewater and stormwater disposal, recreation, and fire 
protection services.  Valley District does not deliver water directly to retail water 
customers. 

Valley District covers about 325 square miles mainly in southwestern San 
Bernardino County, about 60 miles east of Los Angeles, and has a population of 
about 600,000.  It spans the eastern two-thirds of the San Bernardino Valley, the 
Crafton Hills, and a portion of the Yucaipa Valley and includes the cities and 
communities of San Bernardino, Colton, Loma Linda, Redlands, Rialto, Fontana, 
Bloomington, Highland, East Highland, Grand Terrace, Mentone, and Yucaipa.  
A map illustrating Valley District’s service area and the locations of other 
members of the TAG are shown in Figure 1-4.   

Valley District is responsible for long-range water supply management, including 
importing supplemental water, and is responsible for most of the groundwater 
basins within its boundaries and for groundwater extraction over the amount 
specified in the aforementioned judgments.  It has specific responsibilities for 
monitoring groundwater supplies in the San Bernardino and Rialto-Colton 
Subbasin and maintaining flows at the Riverside Narrows on the SAR.  It fulfills 
its responsibilities in a variety of ways, including importing water through the 
SWP for direct delivery and groundwater recharge and coordinating water 
deliveries to retail agencies throughout its service area. 

Valley District cooperates in a program to help replenish groundwater, using both 
SWP water and local runoff.  It takes delivery of SWP water at the Devil Canyon 
Power Plant Afterbay, which is located just within its northern boundary.  Water 
is conveyed 17 miles eastward to various spreading grounds and agricultural and 
wholesale domestic delivery points in the San Bernardino Basin.  Water is also 
conveyed westward for direct delivery in the Colton-Rialto Subbasin. 
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Figure 1-4 
Service Area of Technical Advisory Group Member Agencies 
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In the 1960s, the over-commitment of water in the SAR watershed led to lawsuits 
between water users in the upper and lower watersheds regarding the use of both 
surface flows and groundwater.  The lawsuits culminated in 1969 in the Orange 
County and Western Judgments as they were previously described.  Under the 
terms of the settlements, Valley District became responsible for providing a 
specified SAR base flow to Orange County and maintaining the safe yield of the 
SBBA.  If the conditions of either judgment are not met by the natural water 
supply, including new conservation, Valley District is required to deliver 
supplemental water to offset the deficiency.  The judgments resolved the major 
water rights issues that had prevented the development of long-term, region-wide 
water supply plans and established specific objectives for the management of the 
groundwater basins. 

Valley District is legally required to maintain a flow equivalent to approximately 
15,250 acre-feet per year at the Riverside Narrows on the SAR.  This 
requirement is currently met with about 25,000 acre-feet per year of treated 
wastewater from the Cities of San Bernardino, Colton, and Rialto that is 
discharged to the SAR.  Valley District has contracts with the Cities of San 
Bernardino and Colton that obligate a portion of their treated wastewater flows to 
meet this requirement.  As a result of this discharge and normal streamflow in the 
SAR, Valley District has never had to use imported water to augment flows in 
the SAR.  In addition, under terms of the adjudication, as of the end of the 2003-
2004 water year, Valley District had 275,423 acre-feet in credit for flows in 
excess of requirements during prior years.  It could, if needed, use these water 
credits to meet this part of its legal obligation during dry years, subject to a 
minimum annual flow of 12,420 acre-feet at the Riverside Narrows. 

In March 2006, Valley District and DWR entered into an agreement and signed a 
contract to receive funding for the preparation of the IRWM Plan.  Valley 
District, as the regional lead agency, is responsible for the IRWM Plan 
completion.   

1.8.2 San Bernardino Valley Water Conservation District 

The mission of the SBVWCD is to ensure that recharge of the Bunker Hill 
groundwater basin is accomplished in an environmentally and economically 
responsible way using local native surface water to the maximum extent 
practicable. 

The SBVWCD and its predecessors have conducted water conservation 
(groundwater recharge) activities since 1912 or earlier in two areas that overlie 
the Bunker Hill groundwater basin in the San Bernardino Valley.  These areas are 
at the upper end of the SAR wash area and on Mill Creek just upstream of the 
confluence with the SAR (collectively, the wash area).  The SBVWCD diverts 
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surface water flows during both storm and normal runoff from the SAR and Mill 
Creek and channels  the flows into two separate systems of recharge basins 
where it percolates into the groundwater basin for later pumping and use by local 
entities and private producers.  

The SBVWCD’s boundaries encompass more than 78.1 square miles and include 
portions of the communities of San Bernardino, Loma Linda, Redlands, and 
Highland, as well as the unincorporated county area of Mentone and various 
county “islands” within the incorporated cities.  

1.8.3 City of Redlands 

For more than 90 years, the City of Redlands has been providing high-quality 
drinking water to the Redlands and Mentone areas.  Currently, the city has 
21,000 water service connections.  The city completed and adopted an UWMP in 
2005. 

More than 75,000 residents in Redlands, Mentone, parts of Crafton Hills and San 
Timoteo Canyon, and a small part of San Bernardino depend on the Redlands 
Municipal Utilities Department to provide water service to their homes and 
businesses.  By supplying a blend of local groundwater, local surface water, and 
water imported from the SWP, the Redlands Municipal Utilities Department 
meets its customers’ daily demands, which average 25 million gallons per day 
and peak at 48 million gallons per day. 

The city also owns and operates a sewer collection system and a six million-
gallon-per-day water reclamation plant that produces water for use at the 
Southern California Edison Mountainview Power Plant and by other irrigation 
users. 

1.8.4 West Valley Water District  

West Valley Water District (West Valley) is located mainly within southwestern 
San Bernardino County and to a lesser amount within northern Riverside County.  
It is part of the greater San Bernardino-Riverside-Ontario metropolitan area.  It is 
situated in the San Bernardino Valley and within the SAR watershed. 

The principal service area of West Valley is approximately 29.5 square miles, 
with an additional 5.2 square miles within its sphere of influence.  The majority 
of its service area lies within Valley District’s boundaries.  West Valley currently 
has 18,000 water service connections.  West Valley completed and adopted an 
UWMP in 2005.   
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1.8.5 East Valley Water District 

East Valley Water District is a special district formed in 1954 through an election 
by local residents who wanted water service by a public water agency.  
Originally called the East San Bernardino County Water District, it was formed 
to provide domestic water service to the then unincorporated and agriculturally 
based communities of Highland and East Highland.  Later, as the population 
increased, the need for a modern sewer system to replace the septic tanks became 
apparent.  The residents voted to give East Valley Water District the 
responsibility for their sewer system, as they had done earlier with their water 
service. 

Over the years, some of the service area was annexed to the City of San 
Bernardino, but water service remained with the district, primarily due to 
logistics and cost.  In 1987, the City of Highland incorporated.  Now, the 
district’s previously agriculture-dominated area is urbanized, and few orange 
groves remain.  Before September 2000, the service area was approximately 28.5 
square miles.  An annexation in September 2000 increased the service area by 
approximately five square miles and includes the Greenspot area.  The district 
services approximately 65,000 persons.  All services are financed solely by rates; 
customers pay only for the benefits and services they receive.  The district 
currently has 21,827 water service connections. 

The forefathers of the East Valley Water District, anticipating a higher demand 
and a larger customer base, obtained water rights that date back over 100 years 
for the use of surface water from the SAR.  Today, this surface water meets one-
quarter of the district’s water needs.  The district completed and adopted an 
Urban Water Management Plan in 2005.   

1.8.6 San Bernardino Municipal Water Department 

SBMWD meets its customers’ needs by providing high-quality service in water 
supply, water reclamation, and geothermal heating.   

SBMWD produces all of its own water, using 60 wells located in 45 square miles 
of water service area and delivering it to more than 40,000 service connections 
through 551 miles of water mains.  The City of San Bernardino reclaims over 30 
million gallons of water each day, using innovative and cost-effective methods to 
make the reclaimed water safe for the environment and for reuse.  The city 
completed and adopted an UWMP in 2005. 

1.8.7 Yucaipa Valley Water District 

YVWD is a special district that provides water supply, treatment, and 
distribution; recycled water supply and distribution services; and wastewater 
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collection and treatment.  Formed in 1971, it acquired many of the private water 
companies serving the Yucaipa Valley.  Its most recent consolidations of water 
services occurred with the acquisition of the Harry V. Slack Water Company in 
1987 and the Wildwood Canyon Mutual Water Company in 1992.  YVWD 
currently satisfies the majority of its water demands from groundwater supplied 
through district-owned wells located throughout the service area.  An extensive 
distribution system provides water storage and transmission throughout YVWD’s 
18 pressure zones.  The only supply of surface water is provided through the 
Oak Glen Water Filtration Plant.  Additional water sources that are expected to 
be available to the district in the near future include imported water through the 
SWP and recycled water from its wastewater treatment plant.  The district 
completed and adopted an UWMP in 2005. 

1.8.8 City of Riverside 

The City of Riverside Public Utilities (RPU) Department  provides potable water, 
non-potable water, recycled water, and electricity to the City of Riverside and 
was established in 1895 (electricity) and 1913 (water).  The City of Riverside 
currently serves water to a population of 287,800 through 62,985 service 
connections within an area of 73.9 square miles.  RPU is committed to providing 
the highest quality water and electric services at the lowest possible rates to 
benefit the community.  RPU completed and adopted a Water Supply Plan in 
2004 and an UWMP in 2005. 

RPU produced 79,275 acre-feet of water between July 2005 and June 2006.  As 
of 2005, RPU’s annual water export rights in Bunker Hill basin were about 
52,033 acre-feet.  Export rights may increase with acquisition of additional rights 
in mutual water companies.  RPU produces water from other basins – Rialto-
Colton, Riverside North, and Riverside South.  Annual total water demand is 
expected to increase from 77,767 acre-feet in 2005 to an estimated 104,374 acre-
feet by 2030.  RPU plans to develop additional water resources to meet future 
growth in demand.  By 2030, available and planned water resources to meet 
demand would total about 116,421 acre-feet per year. 

1.8.9 Water Resources Institute /California State University, San 
Bernardino 

The Water Resources Institute /California State University San Bernardino 
(WRI-CSUSB) was established by the faculty senate in 1999.  The senate and the 
university administration recognized that water is one of the most precious 
resources in its service area (San Bernardino and Riverside Counties) and set out 
to make water an area of distinction at this campus.   

The WRI-CSUSB operates an extensive water resource archive that includes 
maps; aerial photographs; newspaper articles; water and environmental reference 
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books; and federal, State, and local government documents, studies, and reports.  
This archive is gradually being digitized to make it more accessible to users.  It 
also includes water and environmental data and metadata, thus expanding the 
concept of an archive beyond the original concept of hard copies of old 
documents.   

The WRI-CSUSB is an interdisciplinary center for research, policy analysis, and 
education.  The full-time staff is engaged in a variety of partnerships providing 
technical assistance to public and private water stakeholders.  The WRI-CSUSB 
specializes in integrated watershed projects promoting land use practices that 
minimize the impact of development on watershed functions.  The WRI-CSUSB 
manages the Alluvial Fan Task Force for DWR by working with stakeholders in 
the watershed on resource-efficient guidelines for developing on alluvial fan 
floodplains.  The WRI-CSUSB assists the Local Government Commission with 
presenting the Ahwahnee Water Principles for Resource Efficient Land Use to 
elected officials and developers on the connection between land use and water.  
The WRI-CSUSB partners with California Resources Connection, Inc. on the 
Inland Empire Sustainable Watershed Program developing Green Building 
Practices and Model Ordinances to overcome obstacles in resource-efficient land 
use. 

1.8.10 San Bernardino County Flood Control District  

The San Bernardino County Flood Control District (SBCFCD) was formed as a 
special district in April 1939 after the 1938 floods in the County of San 
Bernardino.  The SBCFCD’s functions include flood protection from major 
streams, flood control planning, storm drain management, debris removal 
programs, right-of-way acquisition, flood hazard investigations, and flood 
operations.  The SBCFCD has numerous Master Plans of Drainage (MPD) for 
various areas within the county.  An MPD is a coordinated plan of flood control 
improvements for an area based on its future planned development.  It identifies 
existing flood control facilities that are inadequate to convey the 100-year peak 
storm flows, including needed improvements to existing facilities and new 
facilities that need to be constructed to provide an adequate level of flood 
protection.  Since its inception, the SBCFCD has worked with United States 
Army Corps of Engineers (USACE) to develop federally funded major flood 
control facilities in the county.  It manages its activities through six physical 
flood control zones.  The budget projections are also determined for each zone 
through an annual budget study with most of the zones also having a 10-year 
plan.  SBCFCD is also participating with Inland Empire Utilities Agency and 
Chino Basin Water Conservation District on the Chino Basin Recharge 
Improvement Project.   
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1.8.11 San Gorgonio Pass Water Agency 

The San Gorgonio Pass Water Agency (SGPWA) was established in 1961 by the 
California State Legislature.  Its boundaries extend through the cities of 
Calimesa, Beaumont, and Banning, and the Riverside County areas from Cherry 
Valley to Cabazon.  The service area includes the incorporated cities of 
Calimesa, Beaumont, and Banning, and the communities of Cherry Valley, 
Cabazon, and the Banning Bench. 

SGPWA, one of 29 State Water Contractors, purchases water from the State of 
California and sells it to local retail water agencies.  Water is imported into the 
service area by the California Aqueduct.  The final link of the SWP to the Pass 
region, the East Branch Extension, was completed in 2003.  Phase 2 of the East 
Branch Extension is expected to be completed by 2011.  Phase 2 will bring the 
capacity of the Extension to 17,300 acre-feet, which is the Agency’s official 
allotment of SWP water.  17,300 acre-feet of water is enough to supply 
approximately 35,000 families each year. 

SGPWA operates the Little San Gorgonio Creek Recharge Facility on Orchard 
Street in Cherry Valley.  The facility includes six ponds in which SWP water is 
placed to percolate into the ground to recharge the Beaumont groundwater basin.  
The facility was partially funded by a Prop 13 grant from the State and SAWPA.  
SWP water is pumped to the facility via the East Branch Extension.  The Cherry 
Valley Pump Station, located at the corner of Orchard Street and Taylor Street, is 
the terminal pump station on the Extension. 

1.8.12 City of Big Bear Lake Department of Water and Power 

The City of Big Bear Lake Department of Water and Power (BBLDWP) is 
nestled in the San Bernardino Mountains at approximately 6,750 feet above sea 
level.  With more than 15,000 customers, BBLDWP is dedicated to providing the 
City of Big Bear Lake, Moonridge, Fawnskin, Sugarloaf, Lake William, and 
portions of Erwin Lake and Rimforest with a safe, reliable source of water for 
public health and safety. 

BBLDWP’s water supplies come from snow and rain that percolates into the 
groundwater basin.  As of 2006, the BBLDWP service area is in its sixth year of 
drought and water efficiency is more important than ever for meeting water 
demands of the service area.  BBLDWP does not use lake water for public health 
and safety and no additional water is imported into the Big Bear Valley. 

Key components of the water system include adequate source capacity (wells) 
and storage capacity (reservoirs) to meet peak holiday and weekend demands; 
replacement of old, leaky, undersized steel mainlines to provide adequate fire 
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flow; and ongoing/recurring rehabilitation of older system components 
(buildings, reservoirs, pumps, motors, etc.) to ensure reliable service. 

BBLDWP maintains 50 wells, 13 booster stations, 17 reservoirs, 16 chlorination 
stations, 20 sample stations, approximately 170 miles of water main pipeline, and 
a complex pressure-reducing network.  

BBLDWP has an aggressive water conservation program that has significantly 
reduced summertime consumption over the past several years.  Community 
outreach programs keep customers informed on current water conditions, and the 
Technical Review Team monitors, evaluates, and analyzes well and water 
consumption data on a continual basis.  BBLDWP’s five-member Board of 
Commissioners is appointed by the City of Big Bear Lake’s City Council and is 
made up of policy makers committed to safeguarding its water resources.  
BBLDWP is dedicated to fiscal responsibility while focusing its resources on 
improving the infrastructure and ensuring that the current and future water needs 
of the community are met.  BBLDWP prepared an UWMP that was adopted in 
April 2006. 

1.8.13 Fontana Union Water Company 

Fontana Union Water Company (Fontana Union) is a mutual water company and 
does not directly deliver water to domestic customers.  Fontana Union has long-
standing adjudicated vested rights to Lytle Creek surface and subsurface flows 
and Lytle Creek Basin groundwater, as well as groundwater rights in Rialto 
Basin and “No Man’s Land.”  It delivers its available water to its shareholders in 
accordance with its Articles of Incorporation, Bylaws, and mutual water 
company law.  Fontana Union is 97 percent owned by Cucamonga Valley Water 
District and San Gabriel Valley Water Company.  Fontana Water Company, a 
division of San Gabriel Valley Water Company, diverts and produces water 
pursuant to its rights as Fontana Union’s agent in accordance with a court-
approved agreement.  Under that court-approved agreement, Fontana Union 
allocates its Chino Basin pumping rights to Cucamonga Valley Water District, 
and Cucamonga also retains the option of taking delivery of its share of Fontana 
Union’s other water sources.   

1.8.14 San Timoteo Watershed Management Authority 

STWMA was formed in January 2001 by BCVWD, Beaumont, the South Mesa 
Water Company, and the YVWD.  The purpose of the STWMA is to prepare and 
implement a water resources management program for the San Timoteo 
watershed and the waters tributary thereto in order to conserve local water 
supplies, improve surface and groundwater quality and quantity, protect and 
enhance groundwater storage and recreational resources, preserve open space, 
protect wildlife habitat and wetlands, protect and enhance agriculture, and 
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develop and enhance the region’s water resources for the benefit of the public.  
The water resources management program is to include watershed and basin 
monitoring; groundwater storage, banking and conjunctive use; stormwater 
capture and management; recycled water programs and projects; wetlands, 
wildlife, and open space protection; water quality protection and enhancement; 
and water conservation and efficiency. 

1.8.15 Bear Valley Mutual Water Company 

Bear Valley Mutual was formed in 1903 by the citrus growers of the 
Redlands/Highland area to give them a dependable water supply under their 
control.  Bear Valley Mutual has pre-1914 water rights to the first 88 cfs of 
surface flow of the SAR.  Bear Valley Mutual has appropriative rights on Bear 
Creek and a storage right in Big Bear Lake, as well as ownership of all the water 
inflow to the lake. 

1.8.16 Beaumont-Cherry Valley Water District 

BCVWD was formed in 1919 under the Wright Act of 1897 (Water Code Section 
20000,et seq.)  The District serves approximately eight square miles located in 
Riverside and San Bernardino Counties.  BCVWD owns approximately 2,800 
acres along Little San Gorgonio and Noble Creeks and holds pre-1914 water 
rights to both streams, which amounts to 3,000 miner’s inches of water 
(approximately 45,000 acre-feet of right).  The District has 20 wells in the 
Beaumont and Edgar Canyon Basins and currently serves about 30,000 
consumers through 9,000 metered connections.  

1.8.17 Big Bear Municipal Water District 

Big Bear Municipal was formed in 1964 by the people of Big Bear Valley with 
the express purpose of stabilizing the level of Big Bear Lake.  In January 1977, 
as a result of a stipulated judgment, Big Bear Municipal purchased title to the 
dam, reservoir lands lying beneath the lake, and the surface recreation rights to 
Big Bear Lake.  As discussed above, Bear Valley Mutual has ownership rights to 
all water entering Big Bear Lake. 

Big Bear Municipal is responsible for the following: 

 Stabilization of the level of Big Bear Lake by managing the amount of 
water released to Bear Valley Mutual, 

 Watershed/water quality management, 

 Recreation management, 
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 Wildlife habitat preservation and enhancement, and 

 Bear Valley Dam and Reservoir maintenance. 

The judgment allows Big Bear Municipal to maintain a higher water level in the 
lake by delivering water to Bear Valley Mutual from an alternate source of water 
instead of from the lake.  This alternate source of water is sometimes referred to 
as "in-lieu" water and mainly comes from the SWP.  If Big Bear Municipal does 
not wish to purchase “in-lieu” water, it must deliver water from the lake to satisfy 
Bear Valley Mutual’s demands.  Studies performed for Bear Valley Mutual have 
estimated average lake releases to be 4,279 acre-feet per year. 

1.8.18 City of Colton Public Utilities Department 

The City of Colton’s Public Utilities Department (Colton Public Utilities) 
provides water service within the City of Colton along with electric and 
wastewater service.  Water sources include groundwater from the SBBA and the 
Rialto-Colton subbasin.  Colton Public Utilities serves water to approximately 
9,000 customers. 

1.8.19 City of Loma Linda 

The City of Loma Linda obtains groundwater from within the Bunker Hill 
subbasin area.  Production facilities include six production wells, four above-
ground steel reservoirs, and two in-ground pre-stressed concrete storage 
reservoirs, with a combined storage capacity of 14 million gallons.  The 
reservoirs provide storage to the city's five different pressure zones.  There are 
six pressure-reducing stations in the distribution system that lower water pressure 
from one zone to another to provide constant regulated pressure.  To transfer 
water between zones, there are six booster stations located in the different zones.  
Loma Linda also has an “emergency” connection to the City of San Bernardino 
to meet its supplemental needs.  The city’s population is approximately 20,000.  
Loma Linda also provides wastewater service. 

1.8.20 City of Rialto 

Residents of the City of Rialto obtain water from three purveyors:  the Utilities 
Department of the City of Rialto (Rialto), West Valley, and Fontana Water 
Company (FWC).  Rialto provides water service for approximately 12,000 
connections.  Generally, these are the more developed portions of the city (West 
Valley provides the water in the remaining areas). 

Rialto obtains water from the Rialto-Colton groundwater subbasin, Lytle Creek 
Groundwater subbasin, SBBA, and the “Chino wells” (these wells are not located 
within the adjudicated boundaries of Chino Basin).  In recent years, most of these 
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sources have been impacted by groundwater contamination (most significantly, 
perchlorate contamination of the Rialto-Colton subbasin and the Chino wells).  
Rialto has adopted a “zero tolerance” policy for perchlorate, meaning that they 
will not serve water with any perchlorate even if it meets all of the public health 
standards.  Rialto has installed treatment systems on some wells and is pursuing 
installation of additional treatment systems.  In 2003, the City of Rialto declared 
a water shortage emergency in accordance with California Water Code Sections 
350-359.  Rialto operates wastewater service within the city and has recently 
initiated deliveries of recycled water to the California Department of 
Transportation.  Rialto also produces and transports water to Marygold Mutual 
Water Company (Marygold) under a cooperative agreement that expires in 2008.  
Surface water treatment of Lytle Creek water is provided by a treatment plant 
operated by West Valley.  Rialto owns a portion of the capacity of that plant. 

1.8.21 Fontana Water Company 

FWC, a division of San Gabriel Valley Water Company, is a public utility 
regulated by the California Public Utilities Commission.  FWC’s service area 
covers approximately 52 square miles with boundaries including the San Gabriel 
Mountains to the north and the Riverside County Line to the south.  FWC serves 
most of the City of Fontana and parts of Rancho Cucamonga, Ontario, and 
Rialto.  FWC serves a population of approximately 158,000 with over 45,000 
active service connections.  Each year FWC produces between 45,000 – 50,000 
acre-feet of water from water supply sources that include surface water from 
Lytle Creek and State Water Project water, which is treated at FWC’s Sandhill 
Water Treatment Plant and groundwater from the Lytle, Rialto, No-Mans Land, 
and Chino Basins.  FWC diverts and receives Lytle Creek surface water and 
produces groundwater in the Lytle, Rialto, and No-Mans Land Basins as an agent 
for Fontana Union, which holds extensive water rights to these sources of supply 
pursuant to longstanding court judgments.   
 
1.8.22 Marygold Mutual Water Company 

Marygold serves customers generally located in the unincorporated community 
of Bloomington.  Marygold obtains water from the Chino Basin (Marygold has 
rights to the appropriative pool of Chino Basin) and the SBBA.  Water from the 
SBBA is currently produced and transported by Rialto under a cooperative 
agreement that expires in 2008. 

1.8.23 Muscoy Mutual Water Company 

Muscoy Mutual Water Company (Muscoy) serves the majority of the 
unincorporated community of Muscoy.  The SBMWD serves the remainder of 
the Muscoy community.  The community is located between the cities of San 
Bernardino and Rialto.  All water produced by Muscoy is from the SBBA. 
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1.8.24 Regents of the University of California 

The Regents have rights to water from the SBBA, which is used by the 
University of California Riverside (UCR).  The water is delivered to UCR by the 
Riverside Public Utilities Department. 

1.8.25 Riverside Highland Water Company 

The Riverside Highland Water Company (Riverside Highland) serves both 
domestic and irrigation water in San Bernardino and Riverside Counties.  
Riverside Highland provides water to over 3,800 customers in the community of 
Grand Terrace located on the Riverside Mesa south of the SAR and a portion of 
the Highgrove area of Riverside County.  RPU owns shares in Riverside 
Highland and has export rights to 333 acre-feet per year of Bunker Hill 
groundwater through those shares.  Riverside Highland obtains water from the 
Lytle Creek subbasin, the SBBA, the Rialto-Colton subbasin, and the Riverside 
North Basin. 

1.8.26 Other Water Purveyors in the Region 

Other water purveyors in the region include the following: 

 South Mesa Water Company serves water to part of the City of 
Calimesa. 

 Terrace Water Company services an area located between the service 
areas of Colton Public Utilities and West Valley.   

 Western Heights Mutual Water Company serves the southeast portion of 
the City of Redlands and a portion of the City of Yucaipa.   

 Eastwood Farms Community Water Users Association provides water to 
a small portion of the City of Highland. 

 Arroyo Verde Mutual Water District provides water to a small portion of 
the City of Highland. 

 Victoria Farms Mutual Water Company serves a population of 
approximately 1,000. 

 Inland Valley Development Agency is a joint powers authority 
comprised of San Bernardino County and the Cities of San Bernardino, 
Colton, and Loma Linda.  Formed in 1990, the agency is responsible for 
the redevelopment of the non-aviation portion of the San Bernardino 
International Airport.  A water integration agreement between the agency 
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and the City of San Bernardino calls for the city taking over ownership 
and operation of the agency’s water system. 

 Devore Mutual Water Company serves an area near the intersection of 
Interstate 15 and Interstate 215. 

 Running Springs Water District serves the community of Running 
Springs. 

 Arrowhead Park County Water District serves an area adjacent to the 
Running Springs Water District. 

 Big Bear City Community Services District provides water service for 
unincorporated areas near Big Bear Lake. 

 The City of Riverside owns stock in several mutual water companies 
including the Meeks & Daley Water Company.  Ownership interests in 
the Meeks & Daley Company entitle the City of Riverside to export 
rights of about 3,000 acre-feet from the Bunker Hill Basin.  As of 
December 2007, the City of Riverside owns about 38.642 percent of the 
total shares of the Meeks & Daley Water Company.  Meeks & Daley 
Water Company was incorporated on September 1, 1885, and is the 
successor company to three Mutual Water Companies - Meeks & Daley 
Water Company, Agua Mansa Water Company, and the Alta Mesa 
Water Company.  Meeks & Daley Water Company provides water to the 
stockholders for agricultural purposes.  To fund operating expenses, the 
company assesses all shareholders twice per year based on the number of 
shares owed on the date of the assessment. 

The company owns water rights in the Bunker Hill Basin and pumps 
water from a series of wells located within that basin, transporting this 
water through the Riverside and Gage Canals.  At the end of the canal 
systems, Meeks & Daley Water Company operates a pipeline and pump 
station to deliver irrigation water to users in the southern portion of the 
City of Corona.   

With the construction of additional delivery facilities in 1996, Meeks 
& Daley Water Company began delivering water to OCWD under the 
Orange County Water Transfer Project, with water delivered to the 
SAR for storage behind Prado Dam and subsequent release and 
groundwater recharge downstream.  Riverside owns 59 percent of the 
Gage Canal Company stock.  This company owns surface water rights 
to the SAR. 
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1.9 Contents of the IRWM Plan 

Chapter 1, Introduction, presents the background of the IRWM Plan, explaining 
the plan area and why it was selected, and describing the relationship between the 
IRWM Plan and other planning efforts occurring within the plan area or region.  
Previous water resources planning work that has influenced the plan is briefly 
reviewed along with the laws, judgments, and agreements that shape the existing 
conditions and institutional arrangements found in the region.  Finally, this 
chapter lays out the purpose, need, and intent of the IRWM Plan, and the 
planning process used by the primary water agencies in the region to develop the 
plan.  
 
Chapter 2, Description of the Integrated Regional Water Management Plan 
Area, provides a description of the existing physical and institutional conditions 
in the plan area.  This chapter describes the water-related infrastructure, physical 
(climate, hydrology, groundwater, environment, water quality), and 
socioeconomic conditions that shape the region and influence plan development 
and implementation.  
 
Chapter 3, Water Budget for Integrated Regional Water Management Plan 
Region, provides an overview of the published water budgets for the region, 
describes the data source(s), presents water demands and supplies, and 
anticipated future water demands and supplies conditions for each of the subareas 
within the region.  
 
Chapter 4, Develop Integrated Regional Water Management Plan, describes 
the process used to develop the IRWM Plan and how the IRWM Plan is intended 
to serve as a roadmap for the management of water resources to ensure long-
term, reliable water supplies.  It defines the water management objectives and the 
water management strategies along with the specific projects and programs that 
will be required to help the region meet the stated objectives.  This chapter also 
presents a process for actively managing the SBBA, the largest underground 
storage “reservoir” in the region. 
 
Chapter 5, Integrated Regional Water Management Plan Implementation, 
describes implementation of the IRWM Plan including the identification of 
specific capital facilities, projects, and management actions to be implemented to 
help meet the established water management objectives.  This chapter provides a 
realistic discussion of the obstacles that are likely to be encountered when 
implementing the IRWM Plan, and also discusses the impacts and benefits for 
the IRWM Plan and what is likely to occur if the plan is not put into place.  The 
sources of funding and the institutional structures to be used to implement the 
plan are presented.  
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The report concludes with Chapter 6, Data Management and Monitoring, 
Technical Analyses, and Plan Performance, which describes the existing tools 
and techniques for data management and technical analyses conducted to 
evaluate planning alternatives, and determine the technical and scientific merit of 
the recommended actions.  It also describes how data will be collected, managed, 
and reported in the future and how this information will be used to track the 
performance for each of the proposed projects and the overall IRWM Plan.  The 
chapter discusses how the information and subsequent technical analysis will be 
used to update the plan as circumstances change and how the community will 
adopt the IRWM Plan.   
 
Chapters 7 and 8 provide a glossary of terms and references, respectively.  To 
keep the plan succinct and readable, much of the more detailed or technical 
information is presented in the appendices and the reader is directed to these 
materials for more information. 
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Introduction 

1.10 Meeting DWR Integrated Regional Water 
Management Plan Standards 

DWR in collaboration with SWRCB has developed standards for preparation of 
IRWM Plans.  Table 1-2 shows how the Upper Santa Ana River Watershed 
Integrated Regional Water Management Plan meets these standards. 
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Table 1-2 
Upper Santa Ana IRWMP and State IRWM Plan Standards 

Item from Minimum IRWM Plan Standards 
Reference (Chapter, Section,  

Figure,  
Table #s of the IRWM Plan) 

Adopted IRWM Plan 
Plan will be adopted in December 
2007 

Regional Description, Study Period, and Appropriateness of Area for IRWM Plan  Sections 2.1 and 2.11 

Formation of a Regional Water Management Group (TAG) Section 1.7.1 

Water Management Objectives and How They Were Developed Sections 4.1, and 4.2 

Water Management Strategies and How They Were Developed Section 4.2 

Integration of Water Management Strategies  Section 5.1 

Regional Priorities and How They Were Developed Section 5.3.5 

Implementation Plan and Responsible Agencies Sections 5.3.1 through 5.3.3 

Impacts and Benefits of Regional Effects. Section 5.6 

Impacts and Benefits to Disadvantaged Communities and Other Resources. Section 2.5.1 

Technical Analysis  to Develop IRWM Plan and Monitoring Systems to Measure Plan 
Performance  

Chapter 6 and Section 4.2.1.6 

Data Management, Data Dissemination, and Integration into SWAMP and GAMA Section 6.2 

Financing for Project Implementation and O&M Section 5.4 

Relationship between Local Planning and IRWM Plan Sections 2.3, 2.4, 2.5, and 4.2.3.3 

Plan Implementation Schedule Section 5.3.4 

Stakeholder Involvement and Coordination among Participating Agencies and with State 
and Federal Agencies 

Sections 1.7.1.and 1.7.2 

Public Outreach Activities Specific to Individual Stakeholder Groups Sections 1.7.1 and 1.7.2 

Processes that have been or will be Used to Facilitate Stakeholder Involvement and 
Communication during Plan Implementation 

Sections 4.2.1.3.5 and 1.7.3 

Partnerships Developed during the Planning Process Discussed 
Sections 4.1, 4.2.1.3.2, and 
4.2.1.3.5 

Disadvantaged Communities were Identified and Environmental Justice Concerns 
Addressed. 

Section 2.5, Table 2-4, and 
Figure 2-3 

 



 

 

2 Description of the Integrated Regional 
Water Management Plan Area 

2.1 Location 

The Santa Ana River (SAR) is the largest stream system in Southern California.  
The headwaters originate in the San Bernardino Mountains and are discharged to 
the Pacific Ocean approximately 100 miles to the southwest between Newport 
Beach and Huntington Beach.  The SAR watershed covers over 2,650 square 
miles of widely varying forested, rural, and urban terrain and covers the more 
populated urban areas of San Bernardino, Riverside, and Orange Counties, as 
well as a lesser portion of Los Angeles County.  Disputes over the use of water in 
the SAR led to the subdivision of the watershed into the Upper SAR watershed 
and Lower SAR watershed at Prado Dam. 

2.1.1 General Integrated Regional Water Management Plan Region 

The Upper Santa Ana River Watershed Integrated Regional Water Management 
Plan (IRWM Plan) Area (Region) covers 852 square miles, approximately 32 
percent of the total SAR watershed, and is primarily located in San Bernardino 
and Riverside Counties.  The Region includes Big Bear Lake, the cities and 
communities of San Bernardino, Yucaipa, Redlands, Highland, Rialto, Mentone, 
Colton, Grand Terrace, Loma Linda, Beaumont, and Riverside (Figure 2-1).  This 
region was selected for the IRWM Plan in large part because of the following 
factors:  

 Rapid population growth in the area and the potential for continued rapid 
growth in the future. 

 Significant institutional issues, hydrological characteristics, and court 
judgments separate the Upper SAR watershed from the downstream 
portion of the watershed at the Riverside Narrows just upstream from 
Prado Dam.  The Orange County Water District v. City of Chino, et al., 
Case No. 117628 (Orange County Judgment) and the Western Municipal 
Water District of Riverside County v. East San Bernardino County Water 
District, Case No. 78426 (Western Judgment), which were discussed in 
more detail in Chapter 1, have significant influence on water 
management of the Upper SAR and dictate, to some degree, how water 
resources should be managed in the Upper SAR watershed.   
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Figure 2-1 
Communities in the Upper Santa Ana Region 

 



 

2-3 

 The Upper SAR watershed is a region with unique physical 
characteristics.  The Upper SAR has a widely variable hydrology, a 
demography that includes a high rate of population growth and urban 
development, and challenging water management issues, including the 
need to make use of local water supplies to make the region self-
sufficient.  The agencies in the Region plan to coordinate and manage 
among them the groundwater spreading and pumping and to establish a 
cooperative, integrated plan that will reduce or eliminate historical water 
right conflicts among the water agencies in the Upper SAR watershed. 

 Groundwater basins in the Upper SAR watershed are generally separated 
from the lower basin.  The groundwater basin in which most Region-
related activities take place is the San Bernardino Basin Area (SBBA), 
which is composed of the Bunker Hill and Lytle Creek subbasins.  A 
discussion of groundwater basins within the Region is presented later in 
this chapter. 

The Region is defined by the area that contributes surface runoff to the Riverside 
Narrows at U.S. Geological Survey (USGS) Gage 11066500.  The USGS has 
operated this site as a continuous record gaging station since March 1970.  
Specific conductance, temperature, and total dissolved solids (TDS) are collected 
bi-monthly.  There are numerous tributaries that contribute flow to the main stem 
of the SAR in the region, including Mill Creek, City Creek, Plunge Creek (a 
tributary of City Creek), Mission Zanja Creek (located just upstream of the San 
Timoteo Creek), San Timoteo Creek, East Twin Creek, Warm Creek, and Lytle 
Creek. 
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The Region has an annual 
precipitation that ranges 
from 12 inches in low areas 
to 40 inches along the crest 
of the mountains. 

2.2 Climate 

Climate in the Region is characterized by relatively hot, dry summers and cool 
winters with intermittent precipitation.  The largest portion (73 percent) of 
average annual precipitation occurs during December through March and rainless 
periods of several months are common in the summer.  Precipitation is nearly 
always in the form of rain in the lower elevations and mostly in the form of snow 
above about 6,000 feet mean sea level (msl) in the San Bernardino Mountains.  
Mean annual precipitation ranges from about 12 inches in the vicinity of 
Riverside, to about 20 inches at the base of the San Bernardino Mountains, to 
more than 35 inches along the crest of the mountains.  The long-term (water 
years 1883-84 through 2001-02)1 mean annual precipitation recorded at the San 
Bernardino County Hospital Gage is 16.4 inches.  The historical record indicates 
that a period of above-average or below-average precipitation can last more than 
30 years, such as the recent dry period that extended from 1947 to 1977.  
Historical streamflow statistics for the SAR at the Metropolitan Water District of 
Southern California (Metropolitan) Crossing (located near the Riverside 
Narrows) show that flows vary widely from year to year.  The median annual 
flow for SAR at Metropolitan Crossing is 75,900 acre-feet per year.  During 
water years 1969-1970 through 2000-2001, annual flows have ranged from a 
high of 301,000 acre-feet to a low of 9,800 acre-feet.  These data are indicative of 
highly variable streamflows. 

Three types of storms produce precipitation in the SAR Basin:  general 
winter storms, local storms, and general summer storms.  General 
winter storms usually occur from December through March.  They 
originate over the Pacific Ocean as a result of the interaction between 
polar Pacific and tropical Pacific air masses and move eastward over 
the basin.  These storms, which often last for several days, reflect 
orographic (i.e., land elevation) influences and are accompanied by 
widespread precipitation in the form of rain and, at higher elevations, 
snow.  Local storms cover small areas, but can result in high intensity 
precipitation for durations of approximately six hours.  These storms 
can occur any time of the year, either as isolated events or as part of a 
general storm, and those occurring during the winter are generally 
associated with frontal systems (a “front” is the interface between air 
masses of different temperatures or densities).  General summer storms 
can occur in the late summer and early fall months in the San 
Bernardino area, although they are infrequent. 

                                                      
1  A water year runs from October through September of the following year.  For example, 

water year 2000- 2001 begins on October 1, 2000, and ends on September 30, 2001.   
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In the period from 1990–2000, housing 
units in Riverside and San Bernardino 
counties grew 15.6 percent. 

2.3 Population 

2.3.1 Historic Population and Housing Growth in the Plan Area 

The Region covers part of the two-county area of San Bernardino and Riverside.  
Population figures for 1990 and 2000 for Riverside and San Bernardino Counties 
are presented in Table 2-1.  Over the decade of the 1990s, both counties 
experienced substantial increases in population—32.6 percent for Riverside 
County (with an average rate of 3.3 percent annually) and over 21 percent for 
San Bernardino County (2.1 percent annually).  The population of the two-county 
Region increased by over 681,400 persons or over 26 percent (2.6 percent 
annually) during this time period. 

Table 2-1 
Riverside and San Bernardino County Population, 1990 and 2000 

Population Change:  1990-2000 

Area 
1990 2000 Number 

Average Annual 
Percent 

Riverside County 1,170,413 1,551,943 381,530 3.3% 

San Bernardino County 1,418,380 1,718,312 299,932 2.1% 

Source:  U.S. Census 1990 and 2000. 

 

The number of housing units contained in the two counties grew 
from about 1,026,200 in 1990 to 1,186,000 in 2000.  This increase 
of 15.6 percent took place at an average annual rate of 1.5 percent.   

Population of the San Bernardino Valley Municipal Water 
District’s (Valley District) service area between 2000 and 2005 
grew by 56,000 or 10.5 percent, which is about a 2 percent growth 
annually.  Population of the IRWM Plan Area grew by 21,200 from 
2000 to 2005. 

2.3.2 Future Population Growth in the Region and 
Valley District Service Area 

The Southern California Association of Governments (SCAG) 
adopted the “2001 RTP Socioeconomic Forecast” in November 

2006 that includes population projections for consecutive five-
year increments from 2000 to 2025 for various geographic areas 
(SCAG 2001).  Table 2-2 presents these data for Riverside and 
San Bernardino Counties.  The counties are projected to 
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experience average annual growth rates of 3.4 percent and 2 percent, 
respectively, between 2000 and 2025. 

Table 2-2 
SCAG County Population Projections, 2010-2025 

Population Change:  2000-2025 

Area 
2000a 2005 2010 2015 2020 2025 Number Percent 

Average 
Annual 
Percent

Riverside 1,551,943 1,842,690 2,077,800 2,347,300 2,620,500 2,876,300 1,324,357 85% 3.4% 

San 
Bernardino 

1,718,312 1,919,145 2,059,400 2,229,700 2,397,700 2,558,700 840,388 48.9% 2% 

aBased on 2000 U.S. Census information. 

Estimates of future populations were developed for this plan using U.S. Census 
2000 block-level data.  The service area boundaries were overlaid digitally on 
census maps using a Geographic Information System (GIS).  Where census 
blocks were split by service area boundaries, the proportion of the census block 
contained in the service area was calculated and used to prorate the population of 
the particular census block to the respective service area. 

The Valley District service area had a population of 585,000 in 2000, of which 
approximately 583,482 lived in San Bernardino County.  The remaining persons 
lived in Riverside County.  The population contained in the Valley District 
service area comprises about 34 percent of the population of San Bernardino 
County and less than 0.1 percent of the Riverside County population. 

Over the period 2000 to 2025, and using SCAG county-level population 
projections, the number of residents in the service areas of Valley District and the 
IRWM Plan area is projected to increase by approximately 199,500 and 297,800, 
respectively (Table 2-3).   
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Table 2-3 
Population of Plan Area and Valley District Service Area, 2000-2025 

Change:  2000-2025Service  
Area 

2000a 2005 2010 2015 2020 2025 
Number Percent

Valley 
District 585,003 641,004 680,100 719,800 751,200 784,500 199,497 34.1 

San 
Bernardino 
County 1,718,312 1,919,145 2,059,400 2,229,700 2,397,700 2,558,700 840,388 48.9 

IRWM Plan 
Area 870,866 892,048 958,400 1,034,400 1,101,700 1,168,700 297,834 34.2 

a. Based on 2000 U.S. Census information for the service area populations as of April 2000.   
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2.4 Land Use and Agricultural Lands Stewardship 

Figure 2-2 presents the 2005 land use within the Region.  The total area of the 
Region is 549,570 acres, of which 303,790 acres, or about 55 percent, are 
covered by the national forest located in the easterly and northerly areas of the 
Region.  In addition to the national forest, native vegetation covers about 
86,400 acres or about 16 percent of the Region.  Agriculture acreage is being 
replaced by urban areas, and agriculture only represents a little over two percent 
of the land use of the Region today.  Urban areas are about 15 percent of the 
Region.  The large areas of agricultural land use are south of the SAR.  

A number of local land use agencies have approved general plans and specific 
plans in the Region.  These plans are relevant to this IRWM Plan.  These local 
land use planning agencies play a major role in zoning and land use decisions in 
the Region.  The California Government Code contains statutes addressing the 
subject of the applicability of local land use controls on planning and 
construction of public water facilities.  However, it is generally the practice of 
Valley District and other local agencies to voluntarily comply with the standards 
specified in applicable local land use and building code regulations. 
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Figure 2-2 
Land Use 
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Food preparation and 
service, teaching, and 
construction jobs are 
the fastest growing 
employment 
opportunities in the 
Region. 

2.5 Economic Condition and Social and Cultural 
Composition of the Region 

Like most communities in Southern California, the Upper Santa Ana region has 
seen a continued increase in population and change in the economic base as 
agricultural and vacant land is replaced with residential housing, leading to urban 
and service sector jobs.  The fastest growing jobs projected between 2001 and 
2008 include food preparation and service, teaching, and construction, all 
generally showing more than a 25 percent increase.  Services, retail trade, 
government, and manufacturing constitute the majority of jobs in the area, 
followed by construction, transportation, and wholesale trade.  Employment 
growth in San Bernardino County is the third highest in the State of California 
(State), with a relatively low current unemployment rate of about 4.6 percent.  
Population estimates doubled between 1970 and 1990, increased better than 
20 percent between 1990 and 2000, and continued to rise at a 14 percent rate 
from 2000 to 2005.  San Bernardino County and Riverside County now rank 
fourth and fifth in county population in California, respectively.  Continued 
residential and job growth is expected in the area. 

Much of the population growth of the Upper Santa Ana region since the 1970s is 
linked with the economies of Los Angeles and Orange Counties because they are 
within commuter range, and the housing prices in the Upper Santa Ana region are 
more affordable.  Also, population growth over the past three decades is 
attributed to a marked increase in immigration from Mexico, Latin America, and 
the Pacific Rim. 

2.5.1 Composition of Population and Tribe 

Most of the Region is considered economically disadvantaged.  An economically 
disadvantaged community is defined by the State as a community with a median 
annual household income of 80 percent or less than the State median annual 
household income.  In 2000, the State’s annual median family income was 
$47,493.  Figure 2-3 shows the economically disadvantaged communities in the 
Region.  Table 2-4 presents median annual family incomes in service areas for 
various water purveyors.  Communities within the service areas of the City of 
Rialto, City of San Bernardino, East Valley Water District (East Valley), and a 
number of mutual water companies are considered economically disadvantaged.  
Water management strategies evaluated and considered for the IRWM Plan are 
designed to improve water supply reliability and water quality for these 
communities in the Region.  The disadvantaged communities are dispersed 
throughout the Plan Area, and are served water by different water purveyors.  
The location of disadvantaged communities relative to project locations 
determines the range and extent of benefit a given project provides to an 
individual disadvantaged community.
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Figure 2-3 
Economically Disadvantaged Communities 
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Table 2-4 
Median Annual Household Income for Water Purveyor and Water Agency Service Areas 

Service Area
Median 
Income 

2000

Percent of 
State Median 

2000
Baseline Garden Mutual 24,274 51%
Bear Valley Mutual Water Company 48,838 103%
Bear Valley Mutual Water Co./Lugonia Water Company 51,717 109%
Beaumont-Cherry Valley Water District 44,004 93%
Big Bear City Community Services District 38,165 80%
Big Bear Municipal Water District 32,764 69%
City of Beaumont 34,543 73%
City of Big Bear Lake Department of Water and Power 37,044 78%
City of Colton 41,506 87%
City of Loma Linda 43,353 91%
City of Redlands 53,413 112%
City of Rialto 39,072 82%
City of San Bernardino 38,310 81%
Devore Mutual Water Company 63,074 133%
East Valley Water District 54,337 114%
Eastern Municipal Water District 49,717 105%
Eastwood Farms Community Water Users Association 20,334 43%
Fontana Water Company 54,256 114%
Inland Valley Development Agency 22,917 48%
Jurupa Community Services District 53,679 113%
Marygold Mutual Water Company 30,160 64%
Muscoy Mutual Water Company 28,328 60%
Riverside Highland Water Company 51,834 109%
Riverside Public Utilities District 46,349 98%
Rubidoux C.S.D. 41,827 88%
Running Springs Water District 64,330 135%
San Gorgonio Pass Water Agency 39,091 82%
San Timoteo Watershed Management 50,849 107%
South Mesa Water Company 37,683 79%
Terrace Water Company 43,299 91%
Victoria Farms Mutual Water 36,069 76%
West Valley Water District 51,961 109%
Western Heights Water Company 73,029 154%
Western Municipal Water District 47,277 100%
Yucaipa Valley Water District 61,135 129%
Valley District 39,354 83%

State 47,493 100%  
Source:  U.S. Census Bureau, Census 2000 
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For example, the larger, regional projects provide water supply reliability and/or 
water quality benefits to a water provider’s service area or the Plan Area in total.  
While these projects do not specifically target disadvantaged communities, the 
benefits of the project may extend to one or more disadvantaged communities. 
 
In addition there are individual projects located within the disadvantaged 
communities that directly benefit those areas by improving water supply 
reliability and/or water quality to the targeted disadvantaged community.   

Various tribes of Native Americans inhabited the Region in the past.  Today, the 
San Manuel Band of Mission Indians and Morongo Band of Mission Indians are 
present in the region.  Ethnic data for 2000 (Source:  2000 Census PL94) include 
44 percent White, 39.2 percent Hispanic, 8.8 percent African American, 0.57 
percent Native American, and 7.43 percent others. 



Description of the Integrated Regional Water Management Plan Area 

2-15 

2.6 Major Water-Related Infrastructure in Region 

The water-related infrastructure of the Upper SAR watershed reflects the 
complex water history of the Region.  The predecessors of many of the water 
agencies that are participating in this plan were constructing ditches in the 1800s.  
The water rights and facilities established at that time have helped determine the 
structure of today’s water agencies and the arrangement of today’s infrastructure.  
After State Water Project (SWP) facilities were extended into the Region in the 
early 1970s, State Water Contractors receiving deliveries from the East Branch, 
Valley District, San Gorgonio Pass Water Agency (SGPWA), and Metropolitan 
constructed pipelines to take advantage of the imported water.  Figure 2-4 shows 
the major water-related infrastructure in the Region. 

2.6.1 State Water Project Facilities 

SWP water is imported into the Upper SAR watershed via the East Branch of the 
California Aqueduct.  At the Devil Canyon Power Plant, located at the foot of the 
San Bernardino Mountains near Interstate 215, SWP water can be delivered in 
several directions in State facilities or in transmission systems belonging to three 
State Water Contractors. 

The SWP Santa Ana Pipeline extends south, roughly paralleling Lytle Creek and 
on to Lake Perris.  Deliveries can be made to Metropolitan member agencies 
including Western Municipal Water District (Western), Eastern Municipal Water 
District, and the San Diego County Water Authority. 

The East Branch Extension of the SWP is a combination of facilities built by the 
Valley District and the State and funded by Valley District and SGPWA.  Valley 
District operates these facilities for the State and for SGPWA.  The East Branch 
Extension makes deliveries from Devil Canyon east along the foothills of the San 
Bernardino Mountains and as far as SGPWA.  Portions of the East Branch 
Extension, including the Foothill Pipeline, are used to implement the Santa Ana 
River-Mill Creek Cooperative Water Project Agreement (Exchange Plan).  This 
agreement provides for a three-level exchange that allows Valley District to 
deliver water to the Yucaipa area by exchanging SAR and Mill Creek water 
among ten agencies.  In the past, the Foothill Pipeline was also used to deliver 
local water to Devil Canyon Afterbay and on to Metropolitan, the West Valley 
Water District (West Valley), and Fontana Water Company (FWC).  The State is 
currently evaluating an increase in the capacity of the East Branch Extension. 
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Figure 2-4 
Major Water-Related Infrastructure 
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2.6.2 State Water Contractors Facilities 

Four State Water Contractors have facilities in the Region:  Valley District, 
SGPWA, Metropolitan, and the San Gabriel Valley Municipal Water District. 

Metropolitan’s Inland Feeder will ultimately extend from Devil Canyon to 
Diamond Valley Lake when the tunnels within the San Bernardino Mountains are 
complete.  Currently, the Foothill Pipeline is being used to make deliveries of 
SWP water to the completed portions of the Inland Feeder for delivery to 
Diamond Valley Lake.  

Metropolitan’s Rialto Pipeline is used to make deliveries from Devil Canyon to 
Metropolitan’s F.E. Weymouth Treatment Plant in the San Gabriel Valley and to 
its Robert B. Diemer Treatment Plant, which supplies treated water to Western 
and Eastern Municipal Water District .  In addition, the Rialto Pipeline makes 
deliveries to surface water treatment plants owned by Metropolitan’s member 
agencies and to groundwater recharge facilities. 

The San Gabriel Valley Municipal Water District’s Devil Canyon-Azusa Pipeline 
is used primarily to make deliveries for replenishment of the Main San Gabriel 
Basin for the accounts of Alhambra, Azusa, Monterey Park, and Sierra Madre.  
Valley District owns capacity in this pipeline.  Through this pipeline, Valley 
District can deliver SWP water to the western portion of its service area 
including West Valley and FWC as well as the Cactus Spreading Basins. 

Many of Valley District’s facilities have been integrated into the SWP and were 
described in the previous section.  In addition, Valley District has three pipelines 
that are not integrated into the SWP.  These are the Baseline Feeder, Baseline 
Feeder Extension South, and the Central Feeder.   

The Baseline Feeder is a 48-inch pipeline that serves potable water from the San 
Bernardino Basin Area (SBBA) to the City of Rialto, West Valley, and 
Riverside-Highland Water Company.  It is possible that the current hydraulic 
grade of this pipeline (1370 msl) will be reduced to match the Lower Zone (1249 
msl) of the City of San Bernardino.  The Baseline Feeder Extension South 
Pipeline is a 78-inch pipeline that was constructed north/south in alignment from 
the vicinity of 9th Street and Waterman Avenue in San Bernardino, south past the 
Antil area where there is a major concentration of production wells, and on to the 
vicinity of the SAR.  This pipeline has been integrated into the Lower Zone of 
the City of San Bernardino and will ultimately serve water from the SBBA 
throughout Valley District’s service area and on to Riverside County. 

Valley District is currently constructing a portion of the Central Feeder, in an 
east/west alignment in San Bernardino Avenue from Opal Avenue Westerly to 
Texas Street in Redlands.  The Central Feeder Pipeline may eventually be 
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The San Timoteo flood channel is a concrete-
lined flood channel. 

extended and connected to the Baseline Feeder Extension South Pipeline and 
possibly to the Santa Ana Valley Pipeline. 

2.6.3 Regional Water Supply Infrastructure 

The SBBA is a major source of water supply for agencies 
in San Bernardino and Riverside Counties.  The three major 
transmission systems used to deliver water to the City of 
Riverside are the Gage Canal, Waterman Pipeline, and the 
Riverside Canal.  The Gage Canal is owned by the Gage 
Canal Company.  As of 2005, the City of Riverside owned 
approximately 59 percent of the Gage Canal Company.  
The canal extends from the SAR near Loma Linda to the 
Arlington Heights area.  The Gage Canal is used to deliver 
both potable and irrigation water.  

The Riverside Canal is a 12-mile canal extending from the City of Colton to 
Jefferson Street in the City of Riverside.  Non-potable water from Colton and 
Riverside North Groundwater Basin is conveyed in the Flume Pipeline to the 
Riverside Canal. 

2.6.4 Regional Flood Control Infrastructure 

The Upper SAR watershed consists of many tributaries 
flowing to the SAR.  These tributaries are in various 
states of development from natural stream to concrete-
lined channels.  Many of the streams flow through 
heavily developed areas.  The San Bernardino County 
Flood Control District (SBCFCD) operates and 
maintains many of these tributary systems deemed 
“regional” (750 cubic feet per second or greater of flow 
and/or 640 acres or greater of watershed) as well as 
portions of the SAR.   
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2.7 Surface Hydrology 

Surface hydrology of the Region is comprised of the SAR and its tributaries.  A 
number of surface reservoirs in the Region are operated primarily for agricultural 
and urban water use, but are also regulated for instream flows and recharge of 
groundwater basins.  The following sections describe the surface hydrology of 
the Region. 

2.7.1 Natural Runoff 

Runoff records provide information on the characteristics of flow in the SAR and 
its tributaries.  Such records are available for a number of stream gaging stations 
located on the mainstem of the SAR and throughout the SAR watershed.  The 
SAR runoff records demonstrate the highly variable nature of river flow, with 
large floods and long periods of extremely low flow.  Three gaging stations 
provide streamflow data for the Upper SAR.  Mentone Gage (USGS record 
11051500) is representative of SAR flow near Seven Oaks Dam.  There are two 
other USGS gaging stations located downstream of Seven Oaks Dam, but within 
the Upper SAR basin—the “E” Street Gage (USGS Gage 11059300) located in 
the City of San Bernardino at river mile (RM) 57.69 and the Metropolitan Water 
District Crossing Gage (Metropolitan Crossing) (USGS Gage 11066460) located 
at RM 45.7 near Riverside Narrows.  Table 2-5 provides the annual median,1 
maximum, and minimum streamflow recorded at the River Only Mentone, 
“E” Street, and Metropolitan Crossing gages.  (See Figure 2-1.) 

Flow in the SAR is highly variable from year to year.  Flow in the SAR increases 
downstream due to inflows from tributaries, rising water,2 and treated water from 
wastewater treatment plants (WWTPs).  SAR flows at the “E” Street Gage 
include flows from Mill Creek and San Timoteo Creek but not from Lytle and 
Warm Creeks, which enter the SAR below the “E” Street Gage.  SAR flows at 
the Metropolitan Crossing include inflows from Lytle and Warm Creeks, two 
large public WWTPs, and rising water. 

Flows in excess of about 70,000 acre-feet per year have a frequency of 
occurrence of only 10 percent at the River Only Mentone Gage, whereas this 
same flow has a frequency of occurrence of over 60 percent at the Metropolitan 
Crossing Gage.  Additionally, in the upstream areas, minimum annual 
streamflows are generally much smaller than minimum annual flows in the 
downstream areas.   
                                                      
1  Median is a measure of central tendency, as is mean (average).  The median represents the 

50th percentile, i.e., if data are sorted from highest value to lowest value, the median value is 
the value in the exact center of the range.  The median is a more appropriate measure of 
central tendency than the mean when data are highly skewed. 

2 Rising water is used to describe noticeable increases in streamflow in reaches where a 
subsurface restriction forces groundwater to the surface.   
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Table 2-5 
Upper SAR Median, Maximum, and Minimum Annual Flow (in acre feet) 

 Median 
Annual Flow 

Maximum 
Annual Flow 

Minimum 
Annual Flow 

River Only Mentone a 7,991 204,812 9 

“E” Street b 25,525 319,976 0 

Metropolitan Crossing c 75,934 301,004 9,979 
Source: USGS gage data. 
a. USGS Gage 11051500.  Period of record is WY 1911-12 through WY 1999-00. 
b. USGS Gage 11059300.  Period of record is WY 1938-39 through WY 1953-54, WY 1966-67 
through WY 2000-01. 
c. USGS Gage 11066460.  Period of record is WY 1969-70 through WY 2000-01. 

 
 

The largest monthly flows typically occurred in February and March, and the 
lowest monthly flows typically occurred between August and October.  Although 
streamflow increases downstream, the timing of flows (i.e., when the monthly 
maximums and minimums occur) is similar to the timing of flows observed at the 
Mentone Gage.  

There are numerous tributaries that contribute flow to the mainstem of the SAR 
in the Region, including Mill Creek, City Creek, Plunge Creek (a tributary of 
City Creek), Mission Zanja Creek (located upstream of San Timoteo Creek), San 
Timoteo Creek, East Twin Creek, Warm Creek, and Lytle Creek.  The flow 
(under 100-year flood conditions1) contributed by each of these tributaries is 
provided in Table 2-6.  As a reference, during a 100-year flood event, Seven 
Oaks Dam would release up to 5,000 cubic feet per second (cfs) (U.S. Army 
Corps of Engineers (USACE) 1988). 

Table 2-6 
Tributary Flow Contribution to the SAR (100-Year Flood Event Discharge in cfs) 

Tributary Inflow River Mile 

Mill Creek 19,500 68.67 

City Creek & Plunge Creek (Combined) 5,000 62.87 

Mission Zanja Creek 3,500 59.08 

San Timoteo Creek 15,500 58.44 

East Twin Creek 18,000 58.14 

Lytle Creek & Warm Creek (Combined) 70,000 56.74 
Source:  USACE 2000. 

 

 

                                                      
1  A flood as defined under the Standard Flood Insurance Policy is a general and temporary 

condition of partial or complete inundation of normally dry land areas from overflow of 
inland or tidal waters or from the unusual and rapid accumulation of runoff of surface waters 
from any source.  A 100-year flood refers to a flood level with a 1 in 100 percent chance of 
being equaled or exceeded in any given year. 
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Redlands Wastewater Treatment Plant 

Urbanization taking place in the valley areas of the SAR Basin has resulted in 
increased responsiveness of the basin to rainfall.  The increase in impervious 
surfaces (such as roofs, roads, parking lots, etc.) and constructed drainages to 
remove surface water from urban areas has resulted in decreased groundwater 
infiltration and increased runoff from urban areas.  These actions have reduced 
the lag time between peak rainfall and peak runoff (i.e., constructed drainage 
systems move water from the urban areas to the river faster than this water would 
move if the land was not developed). 

Compared to a basin without the influence of urbanization, the same rainfall 
occurring over an urbanized segment of the basin will result in higher peak 
discharges, a shorter lag-time to the peak discharge, and an overall larger volume 
of water entering the local drainage channels.  Because the SAR Basin is 
experiencing rapid growth, increased urbanization of the basin is expected to 
continue; therefore, this trend in increased discharge and decreased lag times 
between peak rainfall and peak streamflow is expected to continue in the future. 

2.7.2 Imported Water 

Imported water from the SWP is available to the study area through Valley 
District and the SGPWA.  Valley District is the fifth largest State Water 
Contractor, with an annual entitlement of 102,600 acre-feet.  Valley District lies 
on the East Branch of the California Aqueduct and takes delivery of SWP water 
at the Devil Canyon Power Plant.  From this location, Valley District can deliver 
water to the west via the San Gabriel Valley Municipal Water District Pipeline 
(Valley District owns capacity in this pipeline) or to the east through the East 
Branch Extension of the SWP.  SGPWA is downstream of Valley District on the 
East Branch of the California Aqueduct. 

Water availability through the SWP is intermittent and subject to frequent 
shortages.  As a result, Valley District’s “Rules for Service” require that all of its 
customers have a 100 percent backup for any amount of water they order from 
the SWP. 

2.7.3 Wastewater 

There are 14 publicly owned WWTPs located above Prado Dam 
downstream of the Narrows (SAR Watermaster 2003).  Nine of these plants 
contribute to surface flow of the SAR.  Between 1970 and 2000, the total 
volume of treated wastewater contributions to SAR flows increased from 
44,000 acre-feet per year to 169,000 acre-feet per year (SAR Watermaster 

2003). 

Three wastewater treatment plants (Redlands, Beaumont, and 
Yucaipa) discharge to the SAR and its tributaries upstream of the 
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City of San Bernardino, but these discharges generally do not flow continuously 
to the SAR at “E” Street (SAR Watermaster 2003).  Two plants, the Rapid 
Infiltration and Extraction (RIX)1 WWTP in the City of Colton and the Rialto 
WWTP in the City of Rialto, discharge directly to the SAR via a discharge 
channel at RM 53.46.  Wastewater discharges from these plants have hydraulic 
continuity to the SAR above Riverside Narrows.  Combined wastewater 
discharge from these two plants has risen from around 22,000 acre-feet per year 
in water year 1970-1971 to 57,750 acre-feet per year in water year 2000-2001 
(SAR Watermaster 2003).  The combined wastewater discharge is expected to 
increase to about 59,000 acre-feet per year, with both facilities operating at their 
respective design capacities.  (See Table 2-7.) 

Table 2-7 
Treated Wastewater Discharged Directly to the SAR above Riverside Narrows 

Facility 
Current Discharge 
(acre-feet per year) 

Potential Future 
Discharge (acre feet per 

year) 

RIX 49,407 a 44,900 

Rialto 8,346 a 14,200 

Total Discharges Directly to the 
SAR in the Project Area 

57,753 59,000 

Notes: 
a.   Based on 2000-2001 water year data reported in the Thirty-Second Annual Report of the SAR 
Watermaster (SAR Watermaster 2003). 

 

Despite the likelihood that WWTP discharges will increase in the future, not all 
of the treated water may enter the SAR.  Several cities and utilities are in the 
process of developing plans to recycle water, which could decrease discharges to 
the river.  For example, the City of San Bernardino is currently evaluating a 
program to sell approximately 18,000 acre-feet per year of tertiary effluent (of a 
total potential discharge of approximately 44,900 acre-feet per year) from the 
RIX facility.  Valley District contracted with the City of San Bernardino to 
ensure that the RIX facility continues to release quantities of treated effluent to 
the SAR adequate to fulfill Valley District’s obligations to provide 15,250 acre-
feet of baseflow each year at the Riverside Narrows as called for in the Orange 
County Judgment.  

                                                      
1  The RIX WWTP went into operation in 1996 and provides tertiary treatment to all of the 

effluent from the Colton and San Bernardino Water Reclamation Plants.  Prior to 1996, 
effluent from these plants entered the SAR just above and just below “E” Street, respectively. 
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2.7.4 Surface Water Quality 

The SAR Basin is within the boundaries of the Santa Ana Regional Water 
Quality Control Board (SARWQCB).  The SARWQCB has divided the 
mainstem of the SAR into six reaches.  Reaches 1 through 6 have reach numbers 
beginning at the Pacific Ocean and increasing upstream.  Reaches 3 through 6 are 
located in the Upper SAR Basin.  These reaches are described in more detail 
below, from upstream to downstream.   

2.7.4.1 Reach 6 (RM 70.93 and Above)  

This reach includes the river upstream of Seven Oaks Dam where flows consist 
largely of snowmelt and storm runoff and water tends to be of excellent quality 
(SARWQCB 1995).   

2.7.4.2 Reach 5 (RM 70.93 to RM 57.68)  

This reach extends from Seven Oaks Dam to the Bunker Hill Dike (San Jacinto 
fault), which marks the downstream edge of the Bunker Hill groundwater basin.  
This reach tends to be dry except during storm flows.  The lower end of this 
reach sometimes has rising groundwater and San Timoteo Creek flows on an 
intermittent basis (SARWQCB 1995). 

2.7.4.3 Reach 4 (RM 57.68 to RM 49.00)  

This reach includes the SAR from Bunker Hill Dike downstream to Mission 
Boulevard Bridge in Riverside.  The bridge is the upstream limit of rising 
groundwater resulting from the constriction at Riverside Narrows.  Until about 
1985, most water in the reach percolated to the local groundwater leaving the 
lower part of the reach dry.  However, flows in the lower end of this reach may 
now intermittently contain rising groundwater and flows from San Timoteo 
Creek. 

2.7.4.4 Reach 3 (RM 49.00 to RM 30.50)  

This reach includes the SAR from Mission Boulevard Bridge in Riverside to 
Prado Dam.  At the Riverside Narrows, rising groundwater feeds several small 
tributaries including Sunnyslope Channel, Tequesquite Arroyo, and Anza Park 
Drain (SARWQCB 1995). 

The SARWQCB states that the quality of the SAR is a function of the quantity 
and quality of the various components of the flows (SARWQCB 1995).  Three 
components make up the flow of the water in the SAR: (1) storm flows, (2) 
baseflow, and (3) non-tributary flow.  The relative proportion of these 
components varies throughout the year. 
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The first component, storm flows, results directly from rainfall, usually occurring 
between the months of December and April.  Much of the rainfall and surface 
water runoff from the storms is captured and percolated into the groundwater 
basins.  The quality of storm flow water is highly variable. 

Baseflow makes up the second component of water flow in the SAR, a large 
portion coming from the discharge of treated wastewater into the river in addition 
to rising groundwater in the basin.  This baseflow includes the non-point source 
discharges as well as the uncontrolled and unregulated agricultural and urban 
runoff.  Water quality objectives are set in relation to the baseflow in the river, 
not to the total flow in the river (see Table 2-8).  The intent of these objectives is 
to protect the river’s groundwater recharge beneficial use.  Compliance with 
these objectives is verified by annual measurement of the baseflow quality. 

The quantity and quality of baseflow is most consistent during the month of 
August.  At that time of year the influence of storm flows and non-tributary flows 
is at a minimum and volumes of rising water and non-point source discharges 
tend to be low. 

The major component of baseflow in August is municipal wastewater.  For these 
reasons, this period has been selected by the SARWQCB as the time when 
baseflow will be measured and its quality determined.  To determine whether the 
water quality and quantity objectives for baseflow in Reach 3 of the SAR are 
being met, the SARWQCB collects a series of grab and composite samples 
during August of each year.  The results are compared with the continuous 
monitoring data collected by USGS and data from other sources. 

The SARWQCB sets discharge requirements on wastewater discharges, the 
major source of baseflow in the SAR.  Waste discharge requirements are 
developed on the basis of the limited assimilative capacity of the river.  Non-
point source discharges, generally from urban runoff and agricultural tailwater, 
are regulated by requiring compliance with Best Management Practices (BMPs), 
where appropriate. 

The third component of flow in the SAR that influences water quality is 
characterized by the SARWQCB as non-tributary flow.  Non-tributary flow is 
generally imported water released in the upper basin for recharge in the lower 
basin (SARWQCB 1995). 
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Table 2-8 
SAR Basin Surface Water Quality Objectives (WQO)* 

Water Quality Objectives  
milligrams per liter (mg/L) 

Inland Surface Streams 
Upper SAR Basin 

Total 
Dissolved 
Solids 
(TDS) 

Hardness 
(CaCO3) 

Sodium 
(Na) 

Chloride 
(Cl) 

Total 
Inorganic 
Nitrogen 
 (TIN) a 

Sulfate 
(SO4) 

Chemical 
Oxygen 
Demand
(COD) 

Reach 2 - 17th Street in 
Santa Ana to Prado Dam  

650 b --- --- --- --- --- --- 

Reach 3 - Prado Dam to 
Mission Blvd. - Baseflow  

700 350 110 140 10a 150 30 

Reach 4 - Mission Blvd. in 
Riverside to San Jacinto 
Fault  

550 --- --- --- 10 --- 30 

Reach 5 - San Jacinto Fault 
in San Bernardino to Seven 
Oaks Dam  

300 190 30 20 5 60 25 

Reach 6 - Seven Oaks Dam 
to Headwaters  

200 100 30 10 1 20 5 

Source:  SARWQCB 1995. 
a. Total nitrogen, filtered sample.   
b. Five-year moving average. 
*  A number of amendments to the WQOs of the Basin Plan have been proposed.  However, these proposed amendments 
do not include changes to the WQOs applicable to Reaches 3 through 6 of the SAR (SARWQCB 2004). 

2.7.4.5 Water Quality Measurement Activities 

A recent USGS study conducted by the National Water Quality Assessment 
Program entitled, Concentrations of Dissolved Solids and Nutrients in Water 
Sources and Selected Streams of the Santa Ana Basin, California, October 1998-
September 2001, examined concentrations of TDS and nutrients in selected Santa 
Ana Basin streams as a function of water source.  The principal water sources 
considered in the study were mountain runoff, wastewater, urban runoff, and 
storm flow.  The USGS study of water quality conditions in the SAR and 
tributaries focused on TDS and nutrient conditions representative of baseflow 
water of mountain sites, baseflow of the valley floor, and storm flow. 

The USGS reports that streams on the Santa Ana Basin generally have increasing 
dissolved minerals as one goes downstream.  This effect is due to the fact that 
water is used, recycled, and used again.  The magnitude or amount of TDS 
concentration rises with each use of water.  The USGS report notes that rising 
groundwater also enters basin streams in some reaches, and their sampling 
indicated that some of the highest TDS (and in some cases nitrates) may occur at 
sites on the valley floor that are dominated by rising groundwater.  Nitrate 
concentrations are higher in Santa Ana Basin streams receiving treated 
wastewater than in streams without treated wastewater.  The principal source of 
nitrate is fertilizer from historic agricultural operations.   
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While there are basin plan objectives for multiple constituents, water quality 
monitoring has focused on two constituents, TDS and nitrogen.  These 
constituents have been reported at levels at or near regulatory standards and have 
thus been the focal point of regulatory activities. 

Table 2-9 provides a summary of the available historical surface water quality 
data for TDS and nitrogen at points along the SAR.   

Table 2-9 
Average Historic Surface Water Quality for Locations on the SAR (1990-2001) 

Water Quality Constituent 

Metropolitan 
Crossing Gage 

(Reach 3)* 

RIX-Rialto 
Effluent Outfall

(Reach 4)* 

Mentone Gage 
(Reach 5)* 

TDS 560 a 520 b 230 a 

TDS Basin Plan Objective by 
Reach 

700 550 300 

Total Inorganic Nitrogen (TIN) 7.3 a 8.5 b 0.3 a 

TIN Basin Plan Objective by 
Reach 

10 c 10 5 

Source: USGS gage data.  Data for River Only Mentone Gage begins in October 1998.  Data for 
Riverside Narrows Gage begins in August 1997. 
a. USGS 2004.  
b. The TDS and TIN values assigned for RIX-Rialto are the maximum values that occurred during 
2001-2002 as reported in Table 4.4-9 of the City of San Bernardino Municipal Water Department 
RIX Facility Recycled Water Sales Program Preliminary Environmental Impact Report (PEIR), 
March 2003. 
c. Total nitrogen, filtered sample.   
*  Proposed amendments to the Basin Plan do not include changes to the water quality objectives in 
Reaches 3 through 6 of the SAR (SARWQCB 2004).   

 

2.7.4.6 Imported Water Quality 

Water is imported to the SAR Basin from the Colorado River via the Colorado 
River Aqueduct (CRA), owned and operated by Metropolitan, and from Northern 
California via SWP facilities.  The TDS level in the CRA water averages 
approximately 700 mg/L and, during drought years, can increase to above 
900 mg/L (Metropolitan and USBR 1999).  Salinity projections for wet year 
conditions show TDS values between 650 and 800 mg/L (Metropolitan and 
USBR 1999).  SWP water is suitable for most beneficial uses due to its low TDS 
levels of 200 to 300 mg/L (California Department of Water Resources (DWR) 
2003a).  However, TDS levels of SWP water can vary due to drought conditions, 
flood events, reservoir management practices, and salt input from local streams. 
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2.8 Geologic Setting and Groundwater Systems 

The IRWM Plan Area lies on the south slope of the Transverse Ranges Geologic 
Province.  The Transverse Ranges are an east-west trending series of steep 
mountain ranges and valleys.  The east-west structure of the Transverse Ranges 
is oblique to the normal northwest trend of coastal California, hence the name 
Transverse.  The province extends offshore to include San Miguel, Santa Rosa, 
and Santa Cruz Islands.  Its eastern extension, the San Bernardino Mountains, has 
been displaced to the south along the San Andreas fault.  Intense north-south 
compression is squeezing the Transverse Ranges.  As a result, this is one of the 
most rapidly rising regions on earth. 

2.8.1 Groundwater Basins in the Upper Santa Ana Region 

DWR Bulletin 118 shows four groundwater basins within the Region.  They 
include Bear Valley, Big Meadows, Seven Oaks Valley, and the Upper Santa 
Ana Valley.  The first three basins are small, with a combined storage capacity of 
approximately 66,000 acre-feet.  The Upper Santa Ana Valley Groundwater 
Basin consists of nine subbasins:  Bunker Hill, Rialto-Colton, Riverside-
Arlington, San Timoteo, San Jacinto, Cajon, Yucaipa, Chino, and Cucamonga.  
Cucamonga subbasin is entirely outside this IRWM Plan Area and will not be 
discussed in the plan.  Very small portions of the Chino and San Jacinto 
subbasins are within the IRWM Plan Area.  Because of the small contribution of 
these two subbasins in overall groundwater management of the planning area, 
they will not be discussed in the plan.  Portions of the San Timoteo and 
Riverside-Arlington subbasins are within the planning area.  Bunker Hill, Rialto-
Colton, Yucaipa, and Cajon subbasins are entirely within the Plan Area.  Bunker 
Hill subbasin is the largest groundwater basin in the Upper SAR watershed.  The 
storage capacity of this subbasin is 5,976,000 acre-feet (Table 2-10).  A brief 
description of the groundwater basins and subbasins of the plan area is presented 
below.  The basins and subbasins of the Region are mapped by DWR for Bulletin 
118 as shown in Figure 2-5. 
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Table 2-10 
Groundwater Basins in Upper Santa Ana Region 

Groundwater Basin 
DWR 

Groundwater 
Basin Number 

Surface Area – 
(acres) 

Groundwater 
Storage 

Capacity -  
1000 acre-feet 

Upper Santa Ana Valley: 8-02   

 Bunker Hill Subbasin 8-02.06 89,600 5,976 

 Cajon Subbasin 8-02.05 23,200 — 

 Rialto-Colton Subbasin 8-02.04 30,100 2,517 

 Riverside-Arlington 
Subbasin 

8-02.03 58,600 243 

 San Timoteo Subbasin 8-02.08 73,100 2,010 

 Yucaipa Subbasin 8-02.07 25,300 808 

Bear Valley 8-09 19,600 42 

Big Meadows 8-07 14,200 10 

Seven Oaks Valley 8-08 4,080 14 
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Figure 2-5 
Bulletin 118, Groundwater Basins in the Upper Santa Ana Region 
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2.8.1.1 Upper Santa Ana Valley 

Bunker Hill Subbasin (DWR 8-02.06) 
The Bunker Hill subbasin consists of the alluvial materials that underlie the San 
Bernardino Valley.  The basin is bordered on the northwest by the San Gabriel 
Mountains and Cucamonga fault zone; on the northeast by the San Bernardino 
Mountains and San Andreas fault zone; on the east by the Banning fault and 
Crafton Hills; and on the south by a low, east-facing escarpment of the San 
Jacinto fault and the San Timoteo Badlands (see Figure 2-6).  Alluvial fans 
extend from the base of the mountains and hills that surround the valley and 
coalesce to form a broad, sloping alluvial plain in the central part of the valley.  
Within the central portion of the valley, relatively continuous clay produces 
confining conditions to underlying water-bearing sediments resulting in artesian 
flowing wells, high groundwater, and, historically, marshlands.  The SAR, Mill 
Creek, and Lytle Creek are the main tributary streams in the subbasin 
(SBVWCD 2000).  Groundwater recharge in the Bunker Hill subbasin is 
performed by the San Bernardino Valley Water Conservation District 
(SBVWCD), Valley District, and others.  The Groundwater Management Plan in 
this IRWM Plan is the mechanism to be used to manage recharge and extractions 
to minimize liquefaction threats and maximize yield.  The Western-San 
Bernardino Judgment (1969) combines the Bunker Hill subbasin with additional 
areas and classifies it as the SBBA.  More discussion of the SBBA is included 
later in this report. 

  



 

2-32 

Upper Santa Ana River Watershed Integrated 
Regional Water Management Plan 

Figure 2-6 
Groundwater Basins and Faults in the Region 
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Rialto-Colton Subbasin (DWR 8-02.04) 
The Rialto-Colton subbasin underlies a portion of the upper Santa Ana Valley in 
southwestern San Bernardino County and northwestern Riverside County.  This 
subbasin is about 10 miles long and varies in width from about 3.5 miles in the 
northwestern part to about 1.5 miles in the southeastern part.  Figure 2-7 shows 
the location of the subbasin and pertinent features.  This subbasin is bounded by 
the San Gabriel Mountains on the northwest, the San Jacinto fault on the 
northeast, the Badlands on the southeast, and the Rialto-Colton fault on the 
southwest.  The SAR cuts across the southeastern part of the basin.  The basin 
generally drains to the southeast, toward the SAR.  Warm and Lytle Creek drains 
join near the southeastern boundary of the basin and flow to meet the SAR near 
the center of the southeastern part of the subbasin. 

Water-bearing alluvium consists of gravel, sand, silt, and clay.  Holocene-age 
alluvial deposits are found beneath the current courses of Lytle and Cajon 
Creeks.  These Holocene deposits are typically less compacted and weathered 
than older deposits and have higher permeability (DWR 1970).  Alluvial deposits 
of Pliocene and Pleistocene age are composed of somewhat compacted and 
weathered deposits of gravel, sand, silt, and clay in discontinuous lenticular 
bodies.  The coarsest material occurs near the mouth of Lytle Creek and the 
material becomes finer toward the southeast where the coarsest gravels contain 
few cobbles.   

The water-bearing units are grouped into three units—an upper, middle, and 
lower unit.  Figure 2-8 shows the relationship of these water-bearing units.  There 
are no distinct confining beds that separate the units.  The upper unit includes the 
river deposits and alluvial fan deposits that grade to older river-channel deposits 
near the SAR.  The upper unit ranges in thickness from a feather edge in the 
northwestern part of the basin to about 300 feet.  The upper water-bearing unit 
was unsaturated in the northwestern part of the basin and was saturated in the 
southeastern part.  The middle water-bearing unit exists throughout the basin and 
consists primarily of coarse-to-medium sand and interbedded fine sand and clay.  
The clay beds are more extensive in the northwestern part of the basin, southeast 
of Barrier J.  The middle water-bearing unit is the main source of water to wells 
in the basin and is about 240 to 600 feet thick.  The lower water-bearing unit 
exists throughout the basin, southeast of Barrier J and consists of interbedded 
sand and clay.  This unit ranges from about 100 to 400 feet thick (Woolfenden 
2001).  Similar to the Bunker Hill subbasin, consolidated deposits underlie the 
lower water-bearing unit and form the base of the groundwater basin. 
 
Groundwater within the subbasin is primarily unconfined to semi-confined 
(Wildermuth 2000).  Specific yield ranges from about 6 percent northwest of 
Rialto to about 16 percent near Colton (DWR 1934). 
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The San Jacinto fault, its extension Barrier E, an unnamed fault that parallels the 
San Jacinto fault, and the Rialto-Colton fault are northwest-trending partial 
barriers to groundwater movement in this subbasin (DWR 1934, DWR 1970, 
Wildermuth 2000).  Groundwater may flow relatively unrestricted in the shallow 
parts of the flow system; however, the faults generally become more restrictive at 
depth.  The San Jacinto fault displaces water levels about 50 feet in older 
deposits, but is not a barrier in the youngest materials, particularly beneath the 
SAR (DWR 1970).  Groundwater flows across the fault from the Bunker Hill 
subbasin in the vicinity of Warm Creek and the SAR, within the river deposits 
and upper water-bearing unit.  Barrier E (Dutcher and Garrett 1963) forms the 
northeastern boundary of the basin.  Groundwater flows across the section of 
Barrier E from the Lytle Creek subbasin between Barrier J and the San Gabriel 
Mountains (Woolfenden 2001).  At depth, the fault displaces groundwater 
elevations by about 25 to 50 feet (Wildermuth 2000).  The Rialto-Colton fault is 
a barrier to groundwater flow along much of its length, especially in its northern 
reaches where groundwater elevations can reach about 400 feet higher within the 
Rialto-Colton subbasin than in the Chino subbasin to the west (Wildermuth 
2000).  Groundwater flows across the fault in the river deposits and in the upper 
and middle water-bearing units in the southeastern part of the basin (Woolfenden 
2001).  Barrier J (Dutcher and Garrett 1963) is a northeast-trending, southward 
step in groundwater elevation of about 100 feet in the northern part of the 
subbasin that may be a barrier to groundwater movement southward (Dutcher 
and Garrett 1963, Wildermuth 2000) or may be a groundwater cascade (DWR 
1970). 

The principal recharge areas are Lytle Creek , Reche Canyon in the southeastern 
part, and the SAR in the south-central part.  Lesser amounts of recharge are 
provided by percolation of precipitation to the valley floor, underflow, and 
irrigation and septic returns (DWR 1970, Wildermuth 2000).  Underflow occurs 
from fractured basement rock (DWR 1970, Wildermuth 2000) and through the 
San Jacinto fault in younger SAR deposits at the south end of the subbasin 
(Dutcher and Garrett 1958) and in the northern reaches of the San Jacinto fault 
system (Wildermuth 2000). 
 
Groundwater recharge has been augmented through the use of two spreading 
basins, the Linden Ponds and the Cactus Basin.  Figure 2-9 shows the locations 
of the basins.  Groundwater modeling simulations showed that artificial recharge 
at the Cactus Basin may be more effective than recharge at Linden Ponds (no 
longer available as a spreading ground) at raising water levels in a greater part of 
the basin and that the imported water can be captured by production wells 
(Woolfenden 2001).   

 



Description of the Integrated Regional Water Management Plan Area 

2-35 

Figure 2-7 
Rialto-Colton Subbasin and Faults 

 



 

2-36 

Upper Santa Ana River Watershed Integrated 
Regional Water Management Plan 

Figure 2-8 
Water-Bearing Units in the Rialto-Colton Subbasin 

 
Source:  USGS, 2002 
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Figure 2-9 
Spreading Basins in the Rialto-Colton Subbasins 

 
Source:  USGS, 2002 
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Cajon Subbasin (DWR 8-02.05) 
The Cajon subbasin underlies Cajon Valley and Lone Pine Canyon, mostly in 
Cajon Pass, which is the boundary between the San Gabriel and San Bernardino 
Mountains.  This subbasin is bounded by the Upper Mojave River Valley 
Groundwater Basin on the north along a surface drainage divide and the Bunker 
Hill subbasin of the Upper Santa Ana Valley Groundwater Basin on the south.  
The subbasin is bounded by impermeable rocks of the San Gabriel Mountains on 
the west and the San Bernardino Mountains on the east.  Cajon and Lone Pine 
Creeks drain the valley southward as tributaries to the SAR.  Annual 
precipitation throughout the subbasin ranges from 23 inches to 33 inches.  The 
San Andreas fault zone crosses the southern part of the subbasin and cuts up 
Lone Pine Canyon.  Springs are found along the trace of the fault zone indicating 
it is a barrier to groundwater.  Lost Lake is a spring-fed sag pond formed in older 
alluvium where there is a step in the fault trace.  

The chief water-bearing material in the Cajon subbasin is alluvium.  Holocene-
age alluvium consists of relatively unweathered sand, silt, and gravel deposited in 
active creek beds (DWR 1970).  Older Pleistocene-age alluvium is found as 
alluvial fan deposits derived from the bordering mountains.  Recharge is derived 
from percolation of precipitation, return irrigation water, and streamflow. 

Riverside-Arlington Subbasin (DWR 8-02.03) 
The Riverside-Arlington subbasin underlies part of the SAR Valley in northwest 
Riverside County and southwest San Bernardino County.  This subbasin is 
bounded by impermeable rocks of Box Springs Mountains on the southeast, 
Arlington Mountain on the south, La Sierra Heights and Mount Rubidoux on the 
northwest, and the Jurupa Mountains on the north.  The northeast boundary is 
formed by the Rialto-Colton fault, and a portion of the northern boundary is a 
groundwater divide beneath the community of Bloomington.  The SAR flows 
over the northern portion of the subbasin.  Annual average precipitation ranges 
from about 10 to 14 inches.   

Groundwater in the subbasin is found chiefly in alluvial deposits.  Quaternary-
age alluvial deposits in the subbasin consist of sand, gravel, silt, and clay 
deposited by the SAR and its tributaries.  Near the City of Riverside, the upper 
50 feet of deposits are principally clay; however, deposits near the neighborhood 
of Arlington have considerable sand and little clay.  At the northern end of the 
subbasin, coarser gravels with cobbles four to six inches in diameter are 
common.  Based on data from wells, a minimum specific yield of 15 percent was 
assigned to unweathered gravels at the extreme northern end of the subbasin.  
The specific yield increases sharply to 18 percent near the SAR, then increases 
gradually to a maximum of 20 percent near the neighborhood of Arlington (DPW 
1934). 
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The Rialto-Colton fault to the northeast separates the Riverside-Arlington 
subbasin from the Rialto-Colton subbasin.  The fault is a barrier to groundwater 
flow along its length, especially in its northern reaches (Wildermuth 2000).  A 
groundwater divide in the alluvium separates the Riverside portion from the 
Arlington portion of the subbasin (DPW 1934).  The Riverside-Arlington 
subbasin is replenished by infiltration from SAR flow, underflow past the Rialto-
Colton fault, intermittent underflow from the Chino subbasin, return irrigation 
flow, and deep percolation of precipitation (DPW 1934, Wildermuth 2000). 

San Timoteo Subbasin (DWR 8-02.08) 
The San Timoteo subbasin underlies Cherry Valley and the City of Beaumont in 
southwestern San Bernardino and northwestern Riverside Counties.  The 
subbasin is bounded to the north and northeast by the Banning fault and 
impermeable rocks of the San Bernardino Mountains, Crafton Hills, and Yucaipa 
Hills; on the south by the San Jacinto fault; on the west by the San Jacinto 
Mountains; and on the east by a topographic drainage divide with the Colorado 
River hydrologic region.  The surface is drained by Little San Gorgonio Creek 
and San Timoteo Canyon to the SAR.  Average annual precipitation ranges from 
12 to 14 inches in the western part to 16 to 18 inches in the eastern part of the 
subbasin. 

Holocene-age alluvium, which consists of unconsolidated clay, silt, sand, and 
gravel, is the principal water-bearing unit in this subbasin.  The alluvium, which 
is probably thickest near the City of Beaumont (DPW 1934), thins toward the 
southwest and is not present in the central part of the subbasin.  

The Pliocene-Pleistocene-age San Timoteo Formation consists of alluvial 
deposits that have been folded and eroded.  These deposits are widely distributed 
and principally composed of gravel, silt, and clay, with comparatively small 
amounts of calcite-cemented conglomerate.  The clasts are chiefly granitic, with 
lesser amounts of volcanic and metamorphic pebbles and cobbles (DPW 1934).  
The total thickness of the San Timoteo Formation is estimated to be between 
1,500 and 2,000 feet, but logs of deep wells near the central part of the subbasin 
indicate water-bearing gravels to depths of only 700 to 1,000 feet (DPW 1934).  

The Banning and Cherry Valley faults and two unnamed faults in the northeast 
part of the subbasin offset impermeable basement rocks, stepping down to the 
south (DWR 1965a, 1967b).  Water levels change across the Banning fault, 
dropping 100 to 200 feet to the south (DWR 1967b, Dutcher and Fenzel 1972).  
In the western part of the subbasin, water levels drop to the south about 75 feet 
across the Loma Linda fault and about 50 feet across the San Timoteo barrier 
(Dutcher and Fenzel 1972).  In the northeastern part of the subbasin, water levels 
drop to the south across two unnamed faults (DWR 1965a, 1967b).  Each of these 
faults appears to disrupt groundwater movement in the subbasin. 
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Groundwater is replenished by subsurface inflow and percolation of 
precipitation, runoff, and imported water.  Runoff and imported water are 
delivered to streambeds and spreading grounds for percolation (DWR 1967a, 
1970).  Groundwater is found in alluvium in the San Timoteo Formation.  
Estimated specific yields in the subbasin range from 3 percent for fine materials 
to 35 percent for coarser materials (DWR 1970), with an average of about 
11 percent (DWR 1967b). 

Yucaipa Subbasin (DWR 8-02.07) 
The Yucaipa subbasin underlies the southeast part of San Bernardino Valley.  It 
is bounded on the northeast by the San Andreas fault, on the northwest by the 
Crafton fault, on the west by the Redlands fault and the Crafton Hills, on the 
south by the Banning fault, and on the east by the Yucaipa Hills.  The average 
annual precipitation ranges from 12 to 28 inches.  This part of the San 
Bernardino Valley is drained by Oak Glen, Wilson, and Yucaipa Creeks south 
and west into San Timoteo Wash, a tributary to the SAR.  

Groundwater is found chiefly in alluvium, with lesser quantities in the San 
Timoteo Formation and fractured bedrock beneath the alluvium 
(Moreland 1970).  Specific yield is estimated to vary from less than 4 percent 
northeast of Yucaipa, to a maximum of about 10 percent in the southeastern part 
of the subbasin (DPW 1934).  Alternatively, specific yield is estimated to range 
from about 6 to 22 percent (DWR 1967a), with the average for the subbasin 
being about 10 percent (DWR 1979).  

Alluvial deposits in the subbasin are divided into older and younger units.  The 
Holocene-age younger alluvium consists of unconsolidated boulders, gravel, 
sand, silt, and clay (Moreland 1970).  This unit forms a thin veneer and is mostly 
above the water table (Moreland 1970).  The middle to late Pleistocene age older 
alluvium consists of boulders, gravel, sand, silt, and clay (Moreland, 1970), and 
holds the primary source of groundwater in the subbasin.  Clays present in this 
section are due to weathering and soil formation during accumulation of the 
deposits (DPW 1934).  

The Pliocene-Pleistocene age San Timoteo Formation consists of alluvial 
deposits that have been folded and eroded.  These deposits are widely distributed 
and principally composed of gravel, silt, and clay, with comparatively small 
amounts of calcite-cemented conglomerate.  The clasts are chiefly granitic, with 
lesser amounts of volcanic and metamorphic pebbles and cobbles (DPW 1934).  
The total thickness of the San Timoteo Formation is estimated to be between 
1,500 and 2,000 feet, but logs of deep wells near the central part of the subbasin 
indicate water-bearing gravels to depths of only 700 to 1,000 feet (DPW 1934).  
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Dominant recharge to the subbasin is from percolation of precipitation and 
infiltration within the channels of overlying streams, particularly Yucaipa and 
Oak Glen Creeks; underflow from the fractures within the surrounding bedrock 
beneath the subbasin; and artificial recharge at spreading grounds.  Four artificial 
recharge facilities with a total capacity of about 56,500 acre-feet per year were 
noted in 1967 (DWR 1967b).  By increasing the spreading acreage along Oak 
Glen Creek by 25 to 50 acres, the capability exists to spread 7,000 to 14,000 
acre-feet of surface water annually to recharge the Yucaipa subbasin (Yucaipa 
Valley Water District (YVWD) 2000a).  

2.8.1.2 Lytle Creek Subbasin 

Lytle Creek subbasin is adjoined on the west by the Rialto-Colton subbasin along 
the Lytle Creek fault, and on the east and southeast by the Bunker Hill subbasin 
along the Loma Linda fault and Barrier G.  The northwestern border of the 

subbasin is delineated by the San Gabriel 
Mountains, and runoff from the mountains flows 
south/southeast through Lytle and Cajon Creeks 
into the basin. 

Lytle Creek subbasin is not mapped in DWR 
Bulletin 118-2003; however, the subbasin is an 
integral part of the Upper Santa Ana Valley 
Groundwater Basin and a major recharge area 
for both the Bunker Hill and Rialto-Colton 
subbasins.  Historically, local agencies have 
recognized Lytle Creek subbasin as a distinct 
groundwater subbasin.  It is important to note 
that the water rights in Lytle Creek are set forth 
in long-standing court judgments governing the 

rights of the parties in that basin.  For purposes of 
this report, the Bunker Hill and Lytle Creek 
subbasins are generally considered as one 
groundwater basin—the SBBA.  However, the 

three separate water-bearing zones and intervening confining zones of the Bunker 
Hill subbasin are not observed in the Lytle subbasin.  Sediments within the 
Lytle subbasin are, for the most part, highly permeable, and the aquifer has a 
high specific yield.  High permeability and specific yield tend to result in an 
aquifer that responds rapidly to changes in inflow (precipitation and streamflow) 
and outflow (groundwater pumping, streamflow, and subsurface outflow).   

Numerous groundwater barriers are present within Lytle Creek subbasin, 
resulting in six compartments within the subbasin.  Barriers A through D divide 
the northwestern portion of the subbasin into five sub-areas and the southeastern 

The Lytle Creek tributary to the Santa Ana River 
contributes significantly to groundwater recharge. 



 

2-42 

Upper Santa Ana River Watershed Integrated 
Regional Water Management Plan 

portion of the subbasin comprises the sixth sub-area.  Barrier F divides the 
northwestern sub-areas from the southeastern sub-area.  Studies have shown that 
the groundwater barriers are less permeable with depth (Dutcher and Garrett 
1963).  When groundwater levels are high during wet years, more leakage occurs 
across the barriers than when groundwater levels are lower (i.e., during dry 
years).  The amount of pumping in each sub-area, in large part, controls the 
movement of groundwater across the barrier within the older alluvium but not the 
younger alluvium (Dutcher and Garrett 1963). 

2.8.1.3 San Bernardino Basin Area  

The 1969, Western-San Bernardino Judgment 
defines an area known as the SBBA.  This area 
is defined as the “…area above Bunker Hill 
Dike [San Jacinto fault], but excluding certain 
mountainous regions and the Yucaipa, San 
Timoteo, Oak Glen and Beaumont Basins” 
(Figure 2-10).  The SBBA is the focus of this 
IRWM Plan and plays a central role in the 
water supply for communities within the 
Region.  The SBBA traditionally refers to two 
groundwater subbasins—Bunker Hill and Lytle 
Creek.  The Western-San Bernardino 
Watermaster provides a careful accounting of the SBBA on an annual basis.  If 
pumping in the area exceeds the safe yield of the basin, then water must be 
imported to offset the amount exceeding the safe yield.  If pumping in the area is 
below the safe yield, then the basin accrues “credits” in a like amount. 

The SBBA has a surface area of approximately 140.6 square miles and lies 
between the San Andreas and San Jacinto faults.  The basin is bordered on the 
northwest by the San Gabriel Mountains and Cucamonga fault zone; on the 
northeast by the San Bernardino Mountains and San Andreas fault zone; on the 
east by the Banning fault and Crafton Hills; and on the south by a low, east-
facing escarpment of the San Jacinto fault and the San Timoteo Badlands.  
Alluvial fans extend from the base of the mountains and hills that surround the 
valley and coalesce to form a broad, sloping alluvial plain in the central part of 
the valley.  The Pressure Zone, which is within the SBBA, is described in more 
detail in this chapter because of high groundwater levels that historically have 
been of concern in the Region.   

Per the provisions of the Western-San Bernardino Judgment, Valley District and 
Western are responsible for managing the SBBA.  The judgment does not allow 
extractions to exceed the long-term natural safe yield without replacing the 
incremental amount over the safe yield with water from an outside source. 
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Figure 2-10 
San Bernardino Basin Area 
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Geologic Structure of SBBA 
Although mountain belts tend to be associated with the uplift of rock material to 
several miles in height, they are bordered by regions of subsidence called 
foreland sedimentary basins.  These basins are wedge shaped in the cross-section, 
with a depth that gradually increases away from the mountain front.  The SBBA 
is a foreland basin and receives sediment eroded from the San Bernardino 
Mountains.  The foreland basin refers to the area of intake or recharge where 
most recharge occurs by direct percolation of SAR water.  The SBBA foreland 
basin is characterized by highly permeable sands and gravel with few clay and 
silt deposits. 

The San Andreas fault zone impedes movement of groundwater, producing 
springs and a groundwater-level change that marks the fault trace along the 
northern boundary of the subbasin.  The San Jacinto fault forms a strong barrier 
to the lateral southwest flow of groundwater.  The water table rises on the 
upstream side of the San Jacinto fault nearly to the surface below the course of 
the SAR.  The combination of alluvial material with a high water table in a 
seismically active area creates a hazard for liquefaction.  The Redlands and 
Banning faults also impede groundwater movement along the borders of the 
subbasin (DWR 1986). 

Geologic Units of SBBA 
The water-bearing material in the subbasin consists of unconsolidated alluvial 
deposits and consolidated sediments.  Most municipal and agricultural supply 
wells obtain water from the unconsolidated alluvial deposits.  Figure 2-11 shows 
the relationship of the sediments in the basin (USGS 2006). 

The unconsolidated alluvial deposits consist of sand, gravel, and boulders 
interspersed with deposits of silt and clay.  The deposits are divided into older 
(Pleistocene) and younger (Holocene) alluvium and Holocene river-channel 
deposits.  Near the mountain front, the unconsolidated deposits tend to be coarse-
grained and poorly sorted, becoming finer-grained and better sorted downstream.  
The older alluvium consists of continental, fluvial deposits, ranging in thickness 
from some tens of feet to more than 800 feet.  The younger alluvium is about 
100 feet thick, composed mainly of floodplain deposits.  The relatively recent 
river channel deposits are less than 100 feet thick but are among the most 
permeable sediments in the SBBA and contribute to large seepage losses from 
streams (Danskin et. al. n.d.).  Wells yield up to 5,000 gallons per minute (gpm) 
and average about 1,245 gpm.  Specific yield of these deposits ranges from 7 to 
21 percent and averages 13 percent (WE 2000). 

Within the unconsolidated alluvial deposits are three (upper, middle, and lower) 
fine-grained sequences that are separated by coarse-grained sediment.  Both the 
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upper and middle fine-grained layers are present in the central portion of the 
valley and cover about 25 square miles.  The upper fine-grained deposits (clay 
and silt) are part of the younger alluvium and are exposed on ground surface near 
the San Jacinto fault but, to the north, are covered by coarser-grained sediments.  
The clay layer may be locally eroded and replaced with coarse sand and gravel.  
Boreholes drilled in the vicinity of the SAR and the San Jacinto fault indicate a 
predominance of coarse sand and gravel, not fine-grained silt and clay.  The 
middle fine-grained sequence is part of the older alluvium and is present at a 
depth of about 350 feet below ground surface (bgs).  The sequence is as much as 
300 feet thick and consists of interbedded silt, clay, and sand and thins towards 
the margins of the basin.  Although previously conceived as a moderately clay 
unit, geophysical logs show this fine-grained sequence to consist of relatively 
continuous zones of silt and sand (Danskin 2006).  Little is known about the 
lower fine-grained interval because most production wells do not penetrate to 
that depth. 

The consolidated sedimentary rocks crop out mainly in the southern part of the 
San Bernardino area between the San Jacinto fault and Crafton Hills and underlie 
unconsolidated deposits throughout most of the valley.  In the badlands, these 
sedimentary rocks are referred to as the San Timoteo Formation and are 
composed of partly lithified, non-marine alluvial and lacustrine sediments 
ranging in age from late Tertiary to early Quaternary.  Well yields are moderate 
from the more permeable layers and are generally less than 500 gpm (Dutcher 
and Garrett 1963).  Both the unconsolidated and consolidated sediments rest on 
and abut basement complex, which, for the purposes of this report, are 
considered to be essentially non-water bearing.  

Faults in the area have both vertically and horizontally offset these geologic 
units.   
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Figure 2-11 
Representative Geologic Sections – SBBA 

Source:  USGS, 2002, Water Resources Investigative Report 02-4243 
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Aquifer Systems of SBBA 
Dutcher and Garrett (1963) divided the SBBA alluvial sediments into the upper, 
middle, and lower water-bearing members that are separated by the upper, 
middle, and lower confining members (fine-grained sequences).  Figure 2-12 
shows a profile of the water-bearing and confining members (Danksin et. al., 
2006).  The aquifer system of the SBBA is generally unconfined, however, with 
water moving vertically between the multiple water-bearing layers.  The 
confining members are more accurately described as very leaky aquitards1 of 
finer-grained sediments. 

The upper confining member is a near-surface deposit with low hydraulic 
conductivity.  The upper confining member extends over a relatively large area 
from the San Jacinto fault to Highland Road, but only produces confining 
conditions in a relatively small area referred to as the “Pressure Zone” (see 
Figure 2-13).  As shown in Figure 2-12, the upper confining member is 
effectively at land surface between the San Jacinto fault and Banning fault and 
would prevent recharge from precipitation from reaching the upper water-bearing 
member.  In the area between Warm Creek and the SAR, the upper confining 
member acts to restrict vertical flow causing semi-confined conditions within the 
upper water-bearing member.  North of the Banning fault to about Highland 
Road, the upper confining member is covered with coarse sediments.  Perched 
water may occur in these areas and springs or seeps may occur where the contact 
is exposed at ground surface.  In the vicinity of the SAR and San Jacinto fault, 
the upper confining member appears to have been eroded and replaced with 
coarse sand and gravel.  In these areas, the coarse-grained sediments are 
essentially part of the upper water-bearing member and allow recharge or 
discharge of water from the upper water-bearing member.   

The upper water-bearing member is not usually filled with groundwater.  Near 
the foothills, as shown in Figure 2-12, the member is essentially dry as the 
groundwater levels are below the base of the unit.  Localized areas of perched 
groundwater may be present as recharge percolates through the sediments.  
Within the central portions of the valley, the member becomes fully saturated as 
water moves from the upper portions of the valley to lower elevations.  The 
upper water-bearing aquifer is likely full along the course of the SAR. 

                                                      
1  An aquitard is a low-permeability sedimentary unit that can store groundwater and also 

transmit it slowly from one aquifer to another (Fetter 1988).  An aquitard is generally 
considered to be a barrier or partial barrier to movement of groundwater because water tends 
to move substantially slower through aquitards than aquifers. 
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Figure 2-12 
Water-Bearing and Confining Members – SBBA 

 
Source:  USGS, 2002, Water Resources Investigative Report 02-4243
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Figure 2-13 
SBBA Pressure Zone 
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The upper and middle water-bearing members provide most of the water to 
municipal and agricultural wells.  Flow meter testing in three production wells 
shows that most of the water is extracted from the shallow, younger deposits 
(Izbicki et. al., 1998).  In the central part of the SBBA, these water-bearing 
members are separated by as much as 300 feet of interbedded silt, clay, and sand 
(the middle confining member).  This middle confining member produces 
confined conditions over the central part of the basin (referred to locally as the 
“confined area”), but thins and becomes less effective toward the margins of the 
basin (Dutcher and Garrett 1963).  As shown in Figure 2-12, USGS shows that 
the middle confining bed extends to the northern edge of the basin.  Other 
sections prepared for the basin show that the middle confining member pinches 
out before reaching the edge of the basin (Numeric Solutions 2006).  Although 
the middle confining member is not as permeable as the adjacent water-bearing 
zones, this unit consists primarily of continuous sand and silt (not silt and clay as 
is found in most aquitards), and there is water production from this zone in many 
wells (Danskin et al. 2006).  It appears that groundwater recharge to the middle 
water-bearing aquifer is from vertical leakance through the middle confining 
member and near the fringes of the valley where the upper and middle aquifers 
may merge.   

The lower confining and lower water-bearing members are not typically 
penetrated by most production wells and play a smaller role in the valley-fill 
aquifer, mainly due to deeper depth and generally lower permeability.  The lower 
water-bearing member may be consolidated older alluvium or part of the 
consolidated sediments (Danskin, et. al. 2006).   

The areal pattern of groundwater flow is from areas of recharge along the base of 
the mountains to areas of discharge where the SAR crosses the San Jacinto fault 
and has remained relatively unchanged over the period of record.  Groundwater 
elevation contours shown in Figure 2-14 illustrate this flow regime in the Bunker 
Hill subbasin.  However, vertical groundwater movement has changed through 
time due to groundwater extraction and artificial recharge.  Groundwater 
pumping has occurred from increasingly deeper depths, altering the natural 
vertical movement of groundwater by progressively draining deeper zones of 
groundwater (Danskin et. al. n.d.). 

Recharge to the Bunker Hill subbasin historically has resulted from infiltration of 
runoff from the San Gabriel and San Bernardino Mountains in areas where the 
upper confining member is absent or from the forebay.  The SAR, Mill Creek, 
and Lytle Creek contribute more than 60 percent of the total recharge to the 
groundwater system (USGS 1989).  Lesser contributors include Cajon Creek, San 
Timoteo Creek, and most of the creeks flowing southward out of the San 
Bernardino Mountains.  The subbasin is also replenished by deep percolation of 
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Figure 2-14 
SBBA Groundwater Contours 
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Percolation from streams, such as Devil Canyon Creek 
above, is the major source of recharge in the SBBA. 

water from precipitation and resulting 
runoff, percolation from delivered water, 
and water spread in streambeds and 
spreading grounds.  

Percolation from streams (such as the 
SAR, Lytle Creek, Cajon Creek, Devil 
Canyon Creek, East Twin Creek, Warm 
Creek, City Creek, Plunge Creek, and 
Mill Creek) is the major source of 
recharge in the SBBA.  Recharge occurs 
both in the stream channels and in nearby 

artificial recharge basins.  As a result of the 
highly permeable river channel deposits 
and the artificial recharge operations, 
nearly all of the flow in the smaller streams 

(Devil Canyon, Waterman, East Twin, Plunge, and San Timoteo Creeks) is 
recharged to the upper and middle aquifers close to the mountain front. 

During floods, the major streams (SAR, Mill Creek, and Lytle Creek) transmit 
large volumes of water over a short period, resulting in some surface water 
exiting the basin without contributing to groundwater recharge.  Recharge to the 
SBBA also results from underflow (subsurface inflow), direct infiltration of 
precipitation, return flow, infiltration from underground sanitary sewer lines and 
storm drains, and artificial recharge of imported water.  Subsurface inflow to the 
SBBA occurs across the Crafton fault and through the poorly transmissive 
materials comprising the Badlands, across a small section of unconsolidated 
deposits north of the Crafton Hills, and through materials beneath the Cajon 
Creek and Lytle Creek channels.  Figure 2-15 shows the areas of underflow into 
the basin.  Total underflow for 1945 to 1998 averaged about 5,000 acre-feet per 
year (Danskin et. al. 2006).  Annual values have declined from a maximum of 
about 7,000 acre-feet in 1945 to about 4,000 acre-feet in 1998, predominately as 
a result of declining water levels in the Yucaipa subbasin.  With the exception of 
unusually wet years, recharge from direct precipitation on the valley floor is 
minimal.  An additional source of recharge is that derived from return flow of 
water pumped from and used locally within the SBBA.  Hardt and Hutchinson 
(1980) estimated return flow to be 30 percent of total extractions, except for 
wells that export groundwater directly out of the San Bernardino area. 

Subsurface outflow from the basin occurs only in the upper 100 feet of the 
younger alluvium through a breach in the San Jacinto fault, carved by the SAR 
(Danskin, et. al. 2006).  Outflow also occurs through Barrier E at two locations, 
near the SAR and near Barrier J where Lytle Creek emerges from the San Gabriel 
Mountains.  Subsurface outflow near the Barrier J fault is into the Rialto-Colton 
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subbasin.  Figure 2-15 shows the location of the subsurface outflow from the 
basin. 
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Figure 2-15 
SBBA Groundwater Flows 

 
Source:  USGS, 2002, Water Resources Investigative Report 02-4243 
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2.8.1.4 Bear Valley Groundwater Basin 8-9 

This groundwater basin underlies Bear Valley and is bound by crystalline rocks 
of the San Bernardino Mountains in southern San Bernardino County.  Big Bear 
Lake, which lies in the western portion of the valley, receives runoff from Grout 
Creek to the northwest, Van Dusen Canyon to the northeast, Sawmill Canyon and 
Sand Canyon to the southeast, Knickerbocker and Metcalf Creek to the south, 
and North Creek to the southwest.  Baldwin Lake, which is typically dry, lies in 
the northeast portion of the valley and receives occasional runoff from Van 
Dusen Canyon to the northwest and Shay Creek to the south (GEOSCIENCE 
2001).  Average annual precipitation to the valley ranges from 23 to 29 inches. 

Groundwater in the Bear Valley Groundwater Basin is found primarily in the 
unconsolidated alluvial deposits.  The water-bearing deposits in the valley have 
been separated into upper, middle, and lower aquifers (GEOSCIENCE 1999).  
The upper and middle aquifers are the primary water producers.  In addition, 
wells completed in underlying bedrock produce as much as 300 gpm 
(GEOSCIENCE 1999). 

A groundwater divide exists between Big Bear Lake and Baldwin Lake in the 
vicinity of the Big Bear Airport (GEOSCIENCE 1999).  Faults are mapped 
cutting Pleistocene alluvium but it is not known if these are barriers to 
groundwater movement. 

Recharge of this basin is likely from percolation of precipitation and runoff and 
underflow from fractured crystalline rocks. 

2.8.1.5 Big Meadows Valley Groundwater Basin 8-7 

This basin underlies a mountain valley in the upper reach of the SAR.  The basin 
is bounded on the west by Seven Oaks Valley Groundwater Basin along the Slide 
Peak fault (Rogers 1967) and elsewhere by impermeable crystalline rocks of the 
San Bernardino Mountains.  The valley is drained by the SAR and receives an 
average annual precipitation ranging from 24 to 36 inches.  Groundwater in the 
basin is found in alluvium that typically consists of clay, silt, sand, and gravel.  
Alluvial material appears to reach about 400 feet in thickness in some parts of the 
basin.  The Slide Peak, Santa Ana, and San Gorgonio faults are mapped as 
cutting through basin materials (Rogers 1967); however, it is not known whether 
these faults impede groundwater movement. 

2.8.1.6 Seven Oaks Valley Groundwater Basin 8-08 

This basin underlies a mountain valley in the upper reach of the SAR.  The basin 
is bounded on the east by Big Meadows Valley Groundwater Basin along the 
Slide Peak fault (Rogers 1967) and elsewhere by impermeable crystalline rocks 
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of the San Bernardino Mountains.  The valley is drained by the SAR and receives 
an average annual precipitation ranging from 24 to 36 inches.  Groundwater in 
the basin is found in alluvium that typically consists of clay, silt, sand, and gravel 
that reaches at least 50 feet thick.  The Slide Peak and Santa Ana faults are 
mapped as cutting through basin materials (Rogers 1967); however, it is not 
known whether these faults impede groundwater movement. 

Recharge is probably derived principally from percolation of precipitation and 
streamflow in the SAR. 
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Numerous groundwater spreading grounds have been developed to 
recharge the groundwater basins. 

2.9 Groundwater Management in the Region 

Conjunctive use of surface water and groundwater is a long-standing practice in 
the Region.  Part of the potable water used in the Region is imported from 
sources in the Sierra and 
Northern California through 
the SWP.  Several reservoirs 
are operated primarily for the 
purposes of storing surface 
water for domestic and 
irrigation use, but groundwater 
basins are also recharged from 
the outflow of some reservoirs.  
The concept is to maintain 
streamflow over a longer 
period of time than would 
occur without regulated flow 
and thus provide for increased 
recharge of groundwater 
basins.  Most of the larger 
basins in this Region are 
managed with many 
conjunctive use projects being developed to optimize and manage water supply.  
Numerous groundwater spreading grounds have been developed to recharge the 
groundwater basins when adequate surface water supply is available.  
Management of the water level in the SBBA, in general, and the Pressure Zone, 
in particular, is a focus of the groundwater management of this IRWM Plan.  
Management of the SBBA is discussed in more detail in Chapter 4. 

2.9.1 Recharge Area Programs 

The SBVWCD and its predecessors have conducted groundwater recharge 
activities since 1912 in the Bunker Hill groundwater subbasin.  Artificial 
recharge of imported water to the SBBA began in 1972.  Because of the 
extremely permeable sand and gravel deposits, maximum instantaneous recharge 
rates are high.  Based on a recharge efficiency rate of 95 percent, the total 
quantity of artificial recharge in the basin averaged about 7,400 acre-feet per year 
from 1972 to 1992.  Because of the size of several of the recharge basins and 
exceptionally permeable material, a larger quantity of water could be imported 
and recharged along the base of the San Bernardino Mountains, if necessary (i.e., 
recharge basin capacity and infiltration rates are not currently limiting the 
amount of imported water recharged).  Any additional recharge and extraction 
should be carefully planned and implemented to avoid liquefaction and 
unacceptable decreases in groundwater levels in the basins. 
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Numerous existing groundwater recharge facilities (spreading grounds or 
spreading basins) are located in the SBBA, Rialto-Colton, and Yucaipa 
subbasins.  The locations of these facilities are shown in Figure 2-16, and 
selected characteristics are summarized in Table 2-11.  Existing turnouts serve 
each recharge facility, with the exception of the Cactus Spreading and Flood 
Control Basins, which would be served by the Cactus Basins Pipeline proposed 
by Valley District.  A description of each spreading ground follows. 
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Figure 2-16 
Location of Spreading Grounds in the Region 
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Table 2-11 
Recharge Facilities 

   Recharge Facility Characteristicsa 

Conveyance Used to 
Serve Facility 

Facility Name 
Owner or 
Operator 

Turnout Name & 
Capacity (cfs) 

Active 
Recharge 

Facility 
Areab 

(acres) 

Percolation 
Ratec 

(feet/day) 

Monthly 
Capacity 

(acre-feet) 

Groundwater 
Basin (and 
Subbasin) 

Rechargedd 

Foothill Pipeline 

Santa Ana Low Flow 
(288) 

SAR Spreading 
Grounds 

SBVWCD 

Santa Ana Intake (200 
Max) 

64d 3 12,000 
SBBA 

(Bunker Hill) 

Foothill Pipeline Devil Canyon 
and Sweetwater 
Basins 

SBCFCDf 
Sweetwater (37) 

30 1.5 1,350 
SBBA 

(Bunker Hill) 

Fontana Power Plant 

Lytle Basins 

Lytle Creek 
Water 

Conservation 
Association 

Constructed drainage 
channel 

Variable 1.5 Variable 
SBBA 

(Lytle Creek) 

Foothill Pipeline City Creek 
Spreading 
Grounds 

SBCFCD 
City Creek (60) 

75 1.5 3,375 
SBBA 

(Bunker Hill) 

Foothill Pipeline 
Patton Basins SBCFCD 

Patton (12) 
3 0.3 27 

SBBA 

(Bunker Hill) 

Foothill Pipeline Waterman 
Basins 

SBCFCD 
Waterman (135) 

120 0.5 1800 
SBBA 

(Bunker Hill) 

Foothill Pipeline East Twin Creek 
Spreading 
Grounds 

SBCFCD 
Waterman (135) 

32 1.5 1440 
SBBA 

(Bunker Hill) 

Foothill Pipeline 
Badger Basins SBCFCD 

Sweetwater (22) 
15 0.5 225 

SBBA 

(Bunker Hill) 

Greenspot Pipeline 

Mill Creek Spreading 
(50) 

Mill Creek SBVWCD 

Mill Creek Intake (110) 

66 3 6,000 
SBBA 

(Bunker Hill) 

San Gabriel Valley MWD 
Lytle Pipeline 

Cactus 
Spreading and 
Flood Control 
Basins 

SBCFCD 
Lower Lytle Creek (55) 

46 1.5 2,070 Rialto-Colton 

East Branch Exten. 
Wilson Basins SBCFCD 

Wilson Basins (30) 
12 1 360 

Yucaipa 
subbasin 

East Branch Exten. Garden Air 
Creek 

Valley 
District Garden Air Creek (16)0 

n/a n/a n/a 
San Timoteo 
subbasin 

a  Values are from tabulation on map contained in Water Right Application by Valley District and Western to appropriate water from 
the SAR or by engineering evaluation of spreading grounds. 
b  Recharge facility area is the geographical extent of each basin that can be inundated for recharge. 
c  Estimated percolation rate.  This is the estimated rate at which water can percolate into the ground through the basin, expressed 
in feet per day.  The values used have generally been computed from the annual recharge capacity.  These rates are typically 
about one-half of the percolation rates presented by the USGS (1972).  The use of the small percolation rates is reasonable in that 
it would involve longer-term percolation rates that are typically smaller than short-term rates. 

d  Note that there may be flow out of the subbasin or basin identified.  For example, a report by Geoscience Support Services, Inc. 
(1992) estimated that only 36 percent of the water recharged in the upper Lytle Creek area remains in the Lytle Creek subbasin, 
while most of it flows to the Rialto-Colton subbasin. 
dRecharge facility area based upon 4/11/03, SBVWCD Report:  “SBVWCD Basin Storage Capacity for SAR and MC.”  Or by 
estimating using GIS. 
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2.9.1.1 SAR Spreading Grounds    

The SAR spreading grounds, located downstream of Seven Oaks Dam on the 
alluvial fan of the SAR, are operated by the SBVWCD.  The SAR spreading 
grounds include a borrow pit that was a source of materials used in the 
construction of Seven Oaks Dam. 

The percolation rate for the SAR spreading grounds is approximately 3 feet per 
day, which results in a recharge rate (based on 64 acres) of about 6,000 acre-feet 
per month, or about 97 cubic feet per second (cfs).  Absorptive capacity is 
estimated by multiplying the active area of the recharge facility by the estimated 
percolation rate.  Water delivered to the SAR spreading grounds recharges the 
Bunker Hill subbasin of the SBBA (Table 2-11). 
 

2.9.1.2 Devil Canyon and Sweetwater Basins   

The Devil Canyon and Sweetwater Basins, located northwest of the California 
State University, San Bernardino campus, are operated by the SBCFCD and have 
an active spreading area of 30 acres.  The estimated long-term percolation rate 
for the site is about 1.5 feet per day, which results in a recharge rate of about 
1,350 acre-feet per month, or about 23 cfs.  The Devil Canyon and Sweetwater 
Basins recharge the Bunker Hill subbasin of the SBBA (Table 2-11). 

2.9.1.3 Lytle Creek Subbasin 

Gravel Pits and spreading grounds have been used for recharge of the subbasin 
for over 80 years. Significant groundwater recharge occurs in the gravel pits 
adjacent to Lytle Creek.  However, evaluating recharge potential can be more 
complicated for recharge in a gravel pit than in a spreading facility dedicated to 
recharge.  

2.9.1.4 The City Creek Spreading Grounds 

The spreading grounds located along City Creek, between State Highway 30 and 
Boulder Avenue, are operated by SBCFCD.  These spreading grounds have an 
active spreading area of about 75 acres and an estimated percolation rate of about 
1.5 feet per day, which results in a recharge rate of about 3,375 acre-feet per 
month, or about 57 cfs.  The City Creek spreading grounds recharge the Bunker 
Hill subbasin of the SBBA. 

2.9.1.5 Patton Basins   

The Patton Basins are located along Sand Creek, north of East Highland and west 
of the Patton State Hospital.  The Patton Basins have an active spreading area of 
about 3 acres and an estimated percolation rate of about 0.3 foot per day.  This 
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equates to a recharge rate of about 27 acre-feet per month, or about 1 cfs.  
Recharge at this site contributes to the Bunker Hill subbasin of the SBBA.  

2.9.1.6 Waterman Basins 

The Waterman Basins are located northeast of Wildwood Park and north of 40th 
Street in the City of San Bernardino.  These basins are operated by SBCFCD, 
have an active spreading area of about 120 acres, and have an estimated 
percolation rate of about 0.5 foot per day.  This percolation rate equates to a 
recharge rate of about 810 acre-feet per month, or about 14 cfs.  However, the 
absorptive capacity used in the Allocation Model is 30 cfs, based on historic use.  
The Waterman Basins recharge the Bunker Hill subbasin of the SBBA 
(Table 2-11). 

2.9.1.7 East Twin Creek Spreading Grounds    

The East Twin Creek spreading grounds are located south of 40th Street, 
immediately south of the Waterman Basins, and are operated by SBCFCD.  
These spreading grounds have an area of about 32 acres and an estimated 
percolation rate of about 1.5 feet per day, which results in a recharge rate of 
about 225 acre-feet per month, or about 4 cfs.  However, the absorptive capacity 
used in the Allocation Model is 24 cfs, based on historic use.  The East Twin 
Creek spreading grounds recharge the Bunker Hill subbasin of the SBBA 
(Table 2-11).   

2.9.1.8 Badger Basins 

The Badger Basins, located in the Sycamore Flood Control Basin immediately 
east of the California State University, San Bernardino campus, are operated by 
the SBCFCD and have an active spreading area of about 15 acres.  The estimated 
percolation rate for this site is 0.5 foot per day, which results in a recharge rate of 
about 225 acre-feet per month, or about 4 cfs.  The Badger Basins recharge the 
Bunker Hill subbasin of the SBBA (Table 2-11). 

2.9.1.9 Mill Creek Spreading Grounds 

The Mill Creek spreading grounds are located south of the main channel of Mill 
Creek, about one mile upstream of the confluence with the SAR, and are 
operated by the SBVWCD.  The Mill Creek spreading grounds have an active 
spreading area of about 66 acres and an estimated percolation rate of about 3 feet 
per day.  This equates to a recharge rate of about 6,000 acre-feet per month.  
Recharge at this site contributes to the Bunker Hill subbasin of the SBBA (Table 
2-11). 
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2.9.1.10 Cactus Spreading and Flood Control Basin 

The Cactus recharge basins are located within the central portion of the Rialto-
Colton subbasin.  The basins are operated by the SBCFCD.  Artificial recharge 
operations have an active spreading area of about 46 acres.  The estimated 
percolation rate for this site is 1.5 feet per day. 

2.9.1.11 Wilson Basins 

The Wilson Basins are located northeast of the intersection of Oak Glen Road 
and Bryant Street, just north of the City of Yucaipa, and are operated by 
SBCFCD.  The Wilson Basins have an active spreading area of about 12 acres 
and an estimated percolation rate of about 1 foot per day, which results in a 
recharge rate of about 360 acre-feet per month, or about 6 cfs.  The Wilson 
Basins recharge the Yucaipa Basin. 

2.9.1.12 Garden Air Creek 

Garden Air Creek is a tributary of San Timoteo Canyon Creek.  There are no 
plans for a formal spreading facility at this location and recharge will be 
accomplished by percolation from existing natural channels, up to a rate of 
16 cfs.  Although the turnout is outside Valley District and inside the boundary of 
SGPWA, the recharge area is in the San Timoteo Canyon region, and thus inside 
the Valley District service area boundary.  This delivery will recharge the San 
Timoteo Basin. 

2.9.1.13 Linden Ponds 

Though no longer in existence the Linden Ponds were located between the San 
Jacinto fault and an unnamed fault in the northeastern portion of the Rialto-
Colton subbasin.  The basins were operated by the SBCFCD.  Imported water 
was recharged between 1982 and 1994.  Artificial recharge operations had an 
active spreading area of about 46 acres.  The estimated percolation rate for this 
site was 1.5 feet per day. 

2.9.2 SAR Natural Recharge 

Most groundwater recharge occurs in the natural channels of the Upper SAR.  
However, evaluating the actual recharge potential for a natural channel is more 
complicated.  The recharge rate depends on the wetted area, which varies 
substantially in a natural channel depending on flow conditions.  The area of the 
“active” channel of the SAR (defined by the area on aerial photographs with 
limited vegetation) has been estimated to be about 79 acres, while the area from 
the mouth of the canyon to Sterling Avenue (i.e., to about the San Bernardino 
International Airport or former Norton Air Force Base), including overflow 
lands, is about 2,110 acres (Danskin et al. n.d.). 
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Danskin et al. estimated the potential percolation rate to be about four feet per 
day.  Consistent with the percolation rates for spreading grounds included in the 
applications, a percolation rate of two feet per day is used here as the long-term 
percolation rate that might be achieved in the channel.  Using the two-feet–per-
day rate, the recharge rate may be about 4,740 acre-feet per month (or about 80 
cfs) for the active channel from the mouth of the canyon to Sterling Avenue, and 
about 126,600 acre-feet per month (or about 2,128 cfs) if the overflow lands are 
included.  Percolation in the river could recharge the Bunker Hill subbasin of the 
SBBA and the Rialto-Colton subbasin.  In a similar analysis, USACE (1997) 
estimated that recharge in the active channel to Sterling Avenue would be 
approximately one cfs per wetted acre, which approximates to 79 cfs. 

The maximum recharge area (including overflow lands) for SAR reaches from 
Sterling Avenue to Lower Warm Creek and from Lower Warm Creek to the San 
Bernardino/Riverside County line (Danskin et al. n.d.).  No recharge rate is 
provided, however, because those reaches overlie an area where the upward flow 
of groundwater into the stream channel is greater than the downward recharge of 
streamflows.  It was estimated that there was a net recharge of approximately 
95 cfs from Sterling Avenue to Prado Dam (USACE 1997). 

2.9.3 Groundwater Discharge from SBBA 

Groundwater discharge from the SBBA occurs from (1) rising water, (2) 
subsurface outflow, and (3) groundwater extractions.  Rising water primarily 
occurs in the lower reaches of Warm Creek, when groundwater rises above the 
level of the ground surface or channel bottom and contributes to surface flows.  
The quantity of groundwater discharge into the creek for the period 1945 to 1992 
was determined to be highly variable, with a maximum discharge exceeding 
40,000 acre-feet per year and a minimum discharge of zero for 16 consecutive 
years, from 1963 to 1978 (Danskin et al. n.d.). 

Subsurface outflow occurs across the San Jacinto fault and Barrier E at two 
locations, in the vicinity of the SAR at the Colton Narrows and where Lytle 
Creek emerges from the San Gabriel Mountains north of Barrier J.  In the vicinity 
of the SAR at the Colton Narrows, subsurface outflow occurs in the younger 
alluvium.  For the period 1936 to 1949, subsurface outflow in this area was 
estimated to range from 14,300 to 23,700 acre-feet per year (Dutcher and Garrett 
1963).  Subsurface outflow north of Barrier J was estimated to be approximately 
4,000 acre-feet per year (Dutcher and Garrett 1963) and between 2,700 and 4,200 
acre-feet per year during water years 1935 to 1960 (DWR 1970b). 

While streamflow and subsurface outflow contribute to basin discharge, 
groundwater extraction is the primary discharge of groundwater from storage.  
Extracted water is used for agricultural, municipal, and industrial purposes.  Most 
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pumping is located near major streams, including the SAR, Lytle Creek, Warm 
Creek, and East Twin Creek.  This areal distribution of pumpage reflects the 
exceptionally permeable deposits that underlie the stream channels and the 
abundant nearby recharge (Danskin et al. n.d.).  As the area has become 
urbanized, the quantity of agricultural pumpage has declined considerably, 
presently accounting for less than 20 percent of the gross pumpage (Danskin et 
al. n.d.).  However, overall pumpage has increased in the basin due to increased 
pumping for municipal and industrial purposes.  Prior to 1940, gross pumpage in 
the basin was less than 110,000 acre-feet per year, while current pumping has 
reached as high as about 200,000 acre-feet per year (Western-San Bernardino 
Watermaster 2002). 

2.9.4 Groundwater Storage 

Estimates of the change in groundwater volume, or storage, in the SBBA are 
made annually by both Valley District and the SBVWCD from which a 
cumulative change in basin storage is calculated.  The approach employed by 
Valley District calculates the change in storage for nine sub-areas:  Cajon, Devil 
Canyon, Lytle Creek,, Pressure Zone, City Creek, Redlands, Mill Creek, 
Reservoir, and Divide.  Calculating the change in storage for the SBBA is 
accomplished by summing the individual values for each of the sub-areas 
(Table 2-12). 

Table 2-12 
Summary of Groundwater Storage Capacities and Basin Surface Area 

Basin Storage Capacity (af) Surface Area (acres) 

SBBA 5,976,000 90,000 

Rialto–Colton 2,517,000 30,100 

Yucaipa 783,000 – 1,230,000 25,300 

San Timoteo 2,010,000 73,100 

Source:  DWR, 2003b. 

The first change in storage calculation was completed for the years 1934 to 1960 
by DWR (DWR 1970b).  The values were calculated using the Specific Yield 
Method and a mathematical model developed by TRW, Inc. (TRW 1967).  In 
1980, Valley District updated the change in storage calculation to include the 
years 1961 to 1980.  In the early 1990s, Valley District created a new change in 
storage model using software developed by Environmental Systems Research 
Institute (ESRI).  In years of low precipitation, infiltration (direct from 
precipitation and surface streams) decreases while groundwater extractions 
increase, thereby causing the cumulative storage to decrease.  The cumulative 
change in storage is cyclical based upon weather conditions.  For example, 1934 
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through 1949 and 1979 through 1987 were wet periods, which produced 
increases in storage, while 1950 through 1978 was a dry period, resulting in 
decreased storage. 

In general, the far eastern and northwestern portions of the Bunker Hill subbasin 
show the largest decreases, while the rest of the subbasin shows mostly stable or 
increasing groundwater elevations.   

Groundwater in the Bunker Hill subbasin generally flows in a southwesterly 
direction from the San Bernardino Mountains to the Colton Narrows.  The San 
Jacinto fault generally runs perpendicular to the groundwater flow and acts as a 
partial barrier resulting in water level differences across the fault.  This 
phenomenon also contributes to the high groundwater located within the City of 
San Bernardino, commonly referred to as the Pressure Zone.  Figure 2-13 depicts 
depth to groundwater contours throughout the SBBA, Rialto-Colton subbasin, 
and Yucaipa subbasin, including those reflecting shallow groundwater conditions 
in the Pressure Zone.  In the past, water levels in the Pressure Zone were raised 
high enough to cause artesian conditions.1   

For the basin as a whole, there can be wide fluctuations in the average depth to 
groundwater from year to year, with annual changes as high as almost 40 feet.  
However, for the most part, annual changes register less than 20 feet (+ or -), 
with only six years exceeding this range.  There are, however, noticeable 
variations in behavior across subbasins. 

The Lytle Creek subbasin (Figure 2-6) contains Lytle Creek, with extensive 
headwaters in the adjacent mountain areas and a river channel comprised of deep, 
porous alluvial deposits.  Due to the presence of Lytle Creek and its relatively 
small size, this subbasin exhibits far greater and more extreme changes than any 
other subbasin of the SBBA.  In 40 of 68 years, the annual average change in 
depth to groundwater exceeds 20 feet, with 8 years showing changes greater than 
50 feet, and 3 years showing changes greater than 100 feet.  

The Bunker Hill and Lytle Creek subbasins are generally considered as one 
groundwater basin, the SBBA.  However, the three separate water-bearing zones 
and intervening confining zones of the Bunker Hill subbasin are not observed in 
the Lytle Creek subbasin.  Sediments within the Lytle Creek Basin are, for the 
most part, highly permeable and the aquifer has a high specific yield.  High 
permeability and specific yield tend to result in an aquifer that responds rapidly 
to changes in inflow (precipitation and streamflow) and outflow (groundwater 
pumping, streamflow, and subsurface outflow).  Water levels in the Lytle Creek 
subbasin have fluctuated in excess of 200 feet over relatively short periods (less 
than 5 years) and in select wells (e.g., FWC’s Well F34A).  From 1934 to 2002, 
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Perchlorate treatment facilities, similar to 
the West Valley Water District plant 
above, treat groundwater for use in the 
Region. 

depth to groundwater as measured in various wells in the basin has ranged from 
approximately 8 feet in the south-central portion of the basin to over 500 feet in 
the north-central portion of the basin (SBVMWD 2003). 

Lytle Creek subbasin is adjoined on the west by the Rialto-Colton subbasin, 
along the Lytle Creek fault, and on the east and southeast by the Bunker Hill 
subbasin, along the Loma Linda fault and Barrier G.  The northwestern border of 
the subbasin is delineated by the San Gabriel Mountains, and runoff from the 
mountains flows into the Rialto-Colton subbasin.  Numerous faults that act as 
barriers to groundwater flow create six compartments within the basin.  Barriers 
A through D divide the northwestern portion of the basin into five sub-areas and 
the southeastern portion of the basin comprises the sixth sub-area.  Barrier F 
divides the northwestern sub-areas from the southeastern sub-area.  Studies have 
shown that the groundwater barriers are less permeable with depth (Dutcher and 
Garrett 1963).  When groundwater levels are high during wet years, more leakage 
occurs across the barriers than when groundwater levels are lower (i.e., during 
dry years).  The amount of pumping in each sub-area, in large part, controls the 
movement of groundwater across the barriers (Dutcher and Garrett 1963). 

2.9.5 Groundwater Quality 

Groundwater quality varies among the subbasins of the 
Upper SAR due to geology and faulting patterns and 
recharge points, and from anthropogenic sources of 
contamination. 

2.9.5.1 San Bernardino Basin Area 

Groundwater in the SBBA is generally a calcium-
bicarbonate type, containing equal amounts (on an 
equivalent basis) of sodium and calcium in water near the 
land surface and an increasing predominance of sodium 
in water from deeper parts of the valley-fill aquifer.  A 
TDS range of 150 to 550 mg/L, with an average of 324 
mg/L, is found in public supply wells (DWR 2003).  
Electrical conductivity (EC) is a measure of total 
dissolved ionic constituents.  EC has been measured 
within a range of 95 to 2,920 microMhos (µMhos) with 
an average of 523 µMhos. 

The inorganic composition of the groundwater may be affected by geothermal 
water emanating from faults and fractures in the bedrock surface underlying the 
aquifer.  For example, concentrations of fluoride that exceed the public drinking 
                                                                                                                                    
1  Conditions where groundwater levels rise above the land surface in confined aquifers. 
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water standard have limited the use of groundwater extracted near some faults 
and from deeper parts of the aquifer. 

In some public supply well locations in the SBBA, some inorganics (primary and 
secondary), radiological constituents, nitrates, pesticides, Volatile Organic 
Compounds (VOCs), Synthetic Organic Compounds (SOCs), and Perchlorate 
were found above the maximum contaminant level (MCL) (Table 2-13). 

Table 2-13 
Prevalence of Contaminants in SBBA Wells 

Constituent 
No. Wells 
Sampled 

No. of Wells with a 
Concentration Above  

MCL 

Inorganics (primary) 212 13 
Radiological 207 34 
Nitrates 214 34 
Pesticides 211 20 
VOCs and SOCs 211 32 
Inorganics (secondary) 212 25 
Perchlorate 369 156 (1) 
Source:  DWR 2003. and Geoscience 

1. No MCL has been established for Perchlorate. But “action level” is 4ug/l. 

 

The SBBA is affected by five major groundwater contaminant plumes (Figure 
2-17).  Plumes in the basin include (1) the Crafton-Redlands plume, with TCE 
and lower levels of  perchloroethylene (PCE) and debromochloropropane 
(DBCP); (2) the Norton Air Force Base TCE and PCE plume, stretching 2.5 
miles from its source and contaminating 100,000 acre-feet of groundwater; (3 
and 4) the Muscoy and Newmark plumes near the Shandon Hills, which are 
Superfund sites with TCE and PCE; and (5) the Santa Fe plume with PCE, TCE, 
and 1,2 dichloroethylene (1,2-DCE) contamination. 

Within the City of San Bernardino, the Newmark plume and the Muscoy plume 
consist primarily of PCE.  The plumes have impacted San Bernardino water 
supply wells.  Under the federal Superfund Program, the U. S. Environmental 
Protection Agency (EPA) has implemented cleanup of these plumes, including 
use of groundwater extraction and treatment using granulated activated carbon.  
The treated water is then used to supplement the City of San Bernardino’s 
potable water supply.  It appears that cleanup efforts will be adequate to protect 
32 down-gradient water supply wells (Santa Ana River Watershed Project 
Authority (SAWPA) 2002).  However, groundwater model simulations suggest 
that containment of the plume will need additional extraction wells that will 
result in pumping of at least 14,000 acre-feet per year (Danskin, et al 2006). 
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Figure 2-17 
Contaminant Plumes in SBBA 
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The Norton Air Force Base plume, located just to the southwest of the former 
installation in the City of San Bernardino, is a major contaminant plume, 
consisting primarily of TCE and PCE.  The plume has impaired 10 wells owned 
by the City of Riverside and the City of San Bernardino.  Cleanup efforts by the 
Air Force, consisting of soil removal, soil gas extraction, and groundwater 
treatment, have significantly reduced this plume.  The treatment plants now 
operate in a standby mode (SAWPA 2002). 

Two commingled plumes, comprising the Crafton-Redlands plume, have 
impacted water supply wells for the cities of Riverside, Redlands, and Loma 
Linda, including Loma Linda University wells.  One plume contains TCE and the 
other perchlorate; both are in the upper 300 to 400 feet of groundwater.  TCE has 
been measured in water supply wells at over 100 parts per billion (ppb), over 20 
times the MCL of 5 ppb.  Currently, however, water supply well concentrations 
are around 7 ppb.  Perchlorate is present in water supply wells at concentrations 
up to 77 ppb. 

As required by the SARWQCB, the Lockheed Martin Corporation (Lockheed) 
has prepared contingency plans to address impacts of the plume on water supply 
wells.  These include blending, treatment, and/or providing alternative water 
supply sources.  The plumes are currently being captured by the City of 
Riverside’s Gage Well Field.  Lockheed has installed granular activated carbon 
treatment units at some of the gage wells to remove TCE and has installed ion 
exchange units on some of these wells for the removal of perchlorate (SAWPA 
2002). 

The Santa Fe groundwater plume consists primarily of 1,2-DCE, TCE, and PCE; 
this plume is currently being monitored (ERM 2001).  

Separately from the foregoing remediation efforts, FWC currently operates and 
maintains a groundwater remediation project at its Plant F10 pursuant to a long-
term agreement with San Bernardino County, the owner and operator of the Mid 
Valley Sanitary Landfill and corresponding Clean-Up and Abatement Order 
issued to San Bernardino County by the RWQCB.  The 5,000 gpm treatment 
plant utilizes liquid phase granular activated carbon to treat for volatile organic 
compounds including, but not limited to, PCE, TCE, 1,1-DCE, and cis-1,2-DCE.  
The plant treats and removes those contaminants from groundwater extracted 
from both the Rialto-Colton and No-Mans Land subbasins. 

2.9.5.2 Rialto-Colton Groundwater Subbasin 

In public supply well samples in the Rialto-Colton subbasin, the average TDS is 
264 mg/L, with a range of 163 to 634 mg/L (DWR 2003).  Other source samples 
show an average TDS of 230 mg/L and a range of 201 to 291 mg/L.  This is a 
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lower TDS range than the groundwater in the Bunker Hill subbasin, where TDS 
levels from 1995 through 1997 ranged as high as 1,000 mg/L along the SAR.  
The San Jacinto fault markedly affects the groundwater chemistry in the basin.  
The TDS in groundwater downstream from the San Jacinto fault is greater than 
that in the surface water found in the Bunker Hill outflow area. 

Of 38 public supply wells sampled, two were over the MCL for nitrates, and in 
three wells, secondary inorganics, VOCs, and SOCs exceeded the MCL (Table 
2-14).  Most reported NO3 concentrations are less than 22.5 mg/L, with a few 
samples ranging from 45 to 90 mg/L.  Most of the wells sampled did not contain 
constituents over the MCL concentration. 

More than 143 water source wells in Riverside and San Bernardino Counties 
alone now exceed 4 ppb of perchlorate contamination (California Department of 
Health Services 2003a).  In the Valley District service area, the City of Rialto, 
the City of Colton, West Valley, and FWC have shut down or restricted the use 
of 20 wells due to perchlorate contamination in the Rialto-Colton subbasin, 
where concentrations reach above 4 ppb (SARWQCB 2003b). 

Table 2-14 
Prevalence of Contaminants in Rialto–Colton Subbasin Wells 

Constituent 
No. Wells 
Sampled 

No. Wells with a  
Concentration Above an MCL 

Inorganics (primary) 38 0 

Radiological 40 0 

Nitrates 38 2 

Pesticides 40 0 

VOCs and SOCs 40 3 

Inorganics (secondary) 38 3 

Perchlorate 38 7 (1) 

Source:  DWR 2003 and Geoscience. 
1 No MCL has been established for Perchlorate. But “action level” is 4 ug/L 
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2.9.5.3 Riverside-Arlington Groundwater Subbasin 

The Riverside subbasin contains groundwater that is predominantly calcium or 
sodium bicarbonate.  Of the water sampled from 46 wells, TDS ranged from 210 
to 889 mg/L, with an average of 463 mg/L (see Table 2-15) (DWR 2003).  From 
other sources, TDS has been found to range from 320 to 756 mg/L.  This is a 
higher TDS range than in the Rialto–Colton and Bunker Hill subbasins. 

In some of the sampled public supply wells, MCLs were exceeded for inorganics 
(primary and secondary), radiological constituents, nitrates, pesticides, VOCs, 
and SOCs.  Nitrate (as NO3) concentrations of greater than 20 mg/L were 
detected as early as the 1940s, probably due to historical land use, including 
citrus production.  NO3 was the constituent found most frequently in the sampled 
wells, followed by pesticides.  Only a few wells were found to have 
concentrations of primary and secondary inorganics. 

Table 2-15 
Prevalence of Contaminants in Riverside Subbasin Wells 

Constituent 
No. Wells 
Sampled 

No. Wells with a  
Concentration Above an MCL 

Inorganics (primary) 48 2 

Radiological 48 11 

Nitrates 51 21 

Pesticides 50 19 

VOCs and SOCs 50 8 

Inorganics (secondary) 38 3 

Source:  DWR 2003 

 

2.9.5.4 Yucaipa Groundwater Subbasin 

Most of the recent groundwater samples from the Yucaipa subbasin indicate a 
calcium bicarbonate-type groundwater, generally meeting drinking water 
standards, with little variation across the basin.  Groundwater has higher mineral 
concentrations, but otherwise is similar to the surface water in the area.  The 
average TDS from public supply wells is 322 mg/L, with a range of 200 to 630 
mg/L.  This is similar to average TDS values of 343 mg/L and 334 mg/L 
estimated from other sources (DWR 2003).  The TDS estimates in the Yucaipa 
subbasin are lower than the Riverside subbasin and slightly higher than the 
Rialto-Colton and Bunker Hill subbasins. 
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Table 2-16 contains data from wells sampled for various pollutants (DWR 2003).  
Some samples contained concentrations above the MCL.  This was true for one 
sample with primary inorganics, VOCs, and SOCs; four samples with pesticides 
and secondary inorganics; and 12 samples with nitrates.  As in the Riverside 
subbasin, nitrates were found more than any other constituent in the sample well 
set. 

Table 2-16 
Prevalence of Contaminants in Yucaipa Subbasin Wells 

Constituent 
No. Wells 
Sampled 

No. Wells with a  
Concentration Above an MCL 

Inorganics (primary) 43 1 

Radiological 44 1 

Nitrates 46 12 

Pesticides 43 4 

VOCs and SOCs 44 1 

Inorganics (secondary) 43 4 

Source:  DWR 2003. 

 

2.9.5.5 San Timoteo Groundwater Subbasin 

The mineral character of groundwater beneath San Timoteo Canyon is sodium 
bicarbonate; calcium bicarbonate in the alluvium of Little San Gorgonio Creek; 
calcium bicarbonate in younger alluvium near Beaumont; and sodium 
bicarbonate in older deposits.  Water samples from 24 public supply wells have 
an average TDS content of approximately 253 mg/L, with a range of 170 to 
340 mg/L.  The TDS range is lower than in the Riverside, Bunker Hill, and 
Yucaipa subbasins and comparable to the Rialto–Colton subbasin.  Out of 27 
sampled wells, one well contained secondary inorganics above the MCL (Table 
2-17).  Otherwise, no contaminants were found (DWR 2003). 

Table 2-17 
Prevalence of Contaminants in San Timoteo Subbasin Wells 

Constituent 
No. Wells 
Sampled 

No. Wells with a  
Concentration Above an MCL 

Inorganics (primary) 27 0 

Radiological 26 0 

Nitrates 28 0 

Pesticides 27 0 

VOCs and SOCs 27 0 

Inorganics (secondary) 27 1 

Source:  DWR 2003. 
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2.9.5.6 Cajon Subbasin 

The mineral character of groundwater within the Cajon subbasin has an average 
TDS content of about 130 mg/L, with a range of 99 to 155 mg/L.  The TDS range 
is lower than in the Riverside, Bunker Hill, and Yucaipa subbasins, and 
comparable to the Rialto–Colton subbasin.  Only two public supply wells have 
been sampled.  No exceedance of MCL in drinking water has been reported.    
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The San Bernardino 
Kangaroo rat is a species of 
concern in the SAR area. 
(Photo, courtesy of NPS). 

2.10 Ecological and Environmental Resources 

2.10.1 San Bernardino National Forest Land and Resource 
Management Plan 

The U.S. Forest Service (USFS) has jurisdiction over land uses in the San 
Bernardino National Forest.  The San Bernardino National Forest Land and 
Resource Management Plan of 1988 (USDA Forest Service 1988) directs the 
management of the forest.  Its goal is to provide a management program that 
reflects a mix of activities that allows both the use and protection of forest 
resources; fulfills legislative requirements; and addresses local, regional, and 
national issues. 

The San Bernardino National Forest is divided into 15 management areas based 
on (1) combinations of watersheds that have similar characteristics, (2) 
wilderness areas, and (3) potential wilderness areas.  The Seven Oaks Dam and 
adjacent areas are located in the Central Section of the San Gorgonio District of 
the Santa Ana Management Area.  Much of the area in this district is classified as 
the Santa Ana Recreation Area, a designation designed to provide continued 
protection of the recreation values for which it was established. 

The management for this area emphasizes (1) fire management, (2) recreation 
(dispersed recreation opportunities in the lower SAR area), and (3) other 
integrated activities (including wildlife management and non-motorized 
recreation). 

2.10.2 U.S. Bureau of Land Management (BLM) Area of Critical 
Environmental Concern 

The BLM designated an Area of Critical Environmental Concern (ACEC) in the 
SAR in 1994.  The purpose of the ACEC designation is to protect and enhance 
the habitat of federally listed species occurring in the area while providing for the 
administration of valid existing rights (BLM 1996).  The species of concern in 
the SAR area include the SAR wooly-star, the Slender-Horned spineflower, and 
the San Bernardino kangaroo rat.  The BLM manages over 1,100 acres that are 
part of the ACEC.  Although the establishment of the ACEC is important in 
regard to conservation of sensitive habitats and species in this area, the 
administration of valid existing rights supersedes BLMs conservation abilities 
in this area.  Existing rights include a withdrawal of federal lands in this area 
for water conservation through an act of Congress, February 20, 1909 (Pub. 
L. 248).  The entire ACEC is included in this withdrawn land and may be 
available for water conservation measures such as the construction of percolation 
basins, subject to compliance with the act. 
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2.10.3 U.S. Army Corps of Engineers Wooly-Star Preserve Area 

To protect significant populations of the SAR wooly-star (a federally protected 
plant species), lands within the corridor of the SAR and portions of the alluvial 
fan terraces were set aside as a conservation area.  The Wooly-Star Preserve Area 
(WSPA) is a 764-acre area located west of the Greenspot Bridge that crosses the 
SAR.  The WSPA was established by mitigation in the 1990s by the USACE and 
local sponsors to address impacts related to the construction of Seven Oaks Dam. 

2.10.4 Western Riverside County Multi-Species Habitat 
Conservation Plan 

The Multi-Species Habitat Conservation Plan (MSHCP) is a comprehensive, 
multi-jurisdictional plan that focuses on the conservation of species and their 
habitats in western Riverside County.  The plan area includes all unincorporated 
land in Riverside County west of the crest of the San Jacinto Mountains to the 
Orange County line, as well as the jurisdictional areas of a number of cities.  The 
MSHCP established a conservation area of more than 500,000 acres and focuses 
on the conservation of 146 species. 

2.10.5 SAR Corridor 

The SAR corridor is defined as the area located within the incised channel of the 
river.  Persistent aquatic and riparian habitats are present immediately 
downstream of the Seven Oaks Dam plunge pool; in oxbows; in fault zones; in 
areas with manmade or natural water sources, such as a tributary confluence or a 
storm drain outfall; in areas with perched water tables; and downstream of river 
mile (RM) 54.5, where groundwater emerges and flows on the surface of the 
riverbed (USACE 2000).  Much of the habitat within the project area provides 
optimal foraging opportunities and several areas provide adequate breeding areas 
for raptors.  Trees found in the riparian woodlands provide perches for foraging 
over the scrub and grassland. 

Except during the winter months of December through March, surface flows in 
the SAR between Seven Oaks Dam and the San Bernardino International Airport 
are generally absent, and the riverbed is a braided, dry channel.  Riparian habitat 
from Cuttle Weir to the airport is uncommon and limited to a few patches. 

Downstream from the airport, surface flows are more prevalent and large areas of 
contiguous, well-developed riparian habitat as well as giant reed (Arundo donax) 
infestations along the banks of the SAR are common.  Just downstream of the 
region are Prado Flood Control Basin and Prado Dam.  Approximately 
2,150 acres of land upstream of Prado Dam are owned by Orange County Water 
District (OCWD), the local sponsor for Prado Dam.  Within this area are 
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approximately 465 acres of constructed wetlands as well as large areas of mature 
riparian habitat, naturally occurring wetlands, and deepwater habitats.   

The vegetation communities discussed above provide wildlife habitat throughout 
most of the SAR corridor.  In general, wildlife within the area is extremely 
diverse and abundant due to the amount of natural open space and diversity of 
habitat types from the active river channels to the uppermost flood terraces.  
While a few wildlife species depend entirely on a single habitat type, the mosaic 
of all the vegetative communities within the study area and adjoining areas 
constitutes a functional ecosystem for a variety of wildlife species. 

The SAR contains a variety of riverine conditions and habitat types that support a 
number of fish species throughout nearly the entire river when winter and spring 
flows are present.  Portions of the SAR, such as the segment that traverses the 
alluvial fan, are dry during most of the year and, consequently, offer only 
temporary habitat for fish. 

The scrub, woodland, and riparian habitats in the SAR corridor provide foraging 
and cover habitat for song birds including year-round residents, seasonal 
residents, and migrating individuals.  The overall condition of these communities 
in the corridor is good and mostly undisturbed.  In addition, portions of the SAR 
and its tributaries provide a perennial water source for birds.   

The SAR wash is a state-designated Significant Natural Area.  Approximately 
27 sensitive plant and animal species are known to occur in the wash.  About 
760 acres of BLM land within the Upper SAR wash area downstream from the 
Greenspot Bridge have been designated by BLM as an ACEC because of the 
presence of the federally listed species, SAR wooly-star, and the San Bernardino 
kangaroo rat (U.S. Fish and Wildlife Service (USFWS) 1988). 

Wildlife corridors link areas of suitable habitat that are separated by unsuitable 
habitat such as rugged terrain, development, or changes in vegetation.  Riverbeds 
often provide a favorable passageway for wildlife movement to otherwise 
disconnected areas.  Historically, the SAR bed was likely to have supported 
substantial regional wildlife movement.  In addition, the SAR floodplain may 
have acted as a hub for wildlife movement with many major tributaries 
converging in a relatively short section of the river.  In recent years, however, 
loss of habitat due to development on the floodplain and surrounding lowlands, 
as well as construction of Seven Oaks Dam, are likely to have greatly reduced the 
amount of regional movement through the corridor.   



3 Water Budget for Integrated Regional 
Water Management Plan Region 

The water budget for the Integrated Regional Water Management Plan (IRWM 
Plan) Area (Region) compares the supply and demand for the Region.  The water 
supply and water demand data that comprise the water budget are used in the 
development of integrated water management strategies that will be used to 
manage both supplies and demands into the future.   

The data presented in this report are based upon water demand figures provided 
by each water agency in the Region.  Actual demand figures for each agency may 
be different based upon the water agency’s water right(s) recognized by the State 
of California (State).  

3.1 Review of Previously Published Water Budgets 

The San Bernardino Valley Municipal Water District (Valley District) compiled 
a water budget for its 352-square-mile service area in its Regional Water 
Facilities Master Plan (1995).  The original Valley District water budget, with 
some modifications, was used by the Santa Ana Watershed Project Authority 
(SAWPA) as the basis for water budget tables in the SAWPA Integrated Water 
Resources Plan (2002).  In 2004, Valley District and Western Municipal Water 
District (Western) updated the water budget by incorporating projections from 
the 2000 Urban Water Management Plans (UWMPs) in the Valley 
District/Western Santa Ana River (SAR) Water Right Application Draft 
Environmental Impact Report (DEIR) (2004). 

3.2 Data Sources 
The IRWM Plan water budget relies primarily on the 2005 update of the UWMPs 
within the Region.  Table 3-1 provides a list of the water agencies within the 
Region and the UWMPs that were used in this analysis.  Not all water agencies 
have completed the update of their UWMPs, and not all agencies are required to 
publish a UWMP (agencies that provide water to less than 3,000 connections and 
less than 3,000 acre-feet per year are not required to publish a UWMP).  For 
these agencies, the necessary data for the water budget were obtained from the 
Western-San Bernardino Watermaster Report (see Chapter 2).  For the purpose of 
preparing the water demands and supplies, the Region’s water agencies were 
divided into four groups:  (1) Non-Plaintiffs (water agencies in San Bernardino 
County of the Western Judgment (Western Municipal Water District of Riverside 
County v. East San Bernardino County Water District, Case No. 78426), 
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(2) Plaintiffs of the Western Judgment (water agencies in Riverside County), 
(3) water agencies outside the Western Judgment and located in the San 
Gorgonio Pass Water Agency (SGPWA) service area, and (4) water agencies 
outside the Western Judgment and located in the San Bernardino Mountains area.  

Table 3-1 
Data Utilized in the Water Budget 

Water Agency 2005 UWMP Other Documents 

Non-Plaintiffs of the Western Judgment 

Colton, City of   Watermaster, SCAG   

East Valley Water District  X   

Fontana Water Company X  2005 Master Plan, Pers. Comm. 

Loma Linda, City of   2002 UWMP  

Marigold Mutual WC   Rialto, WVWD 2005 UWMP  

Muscoy Mutual WC  2005 Community Plan  

Redlands, City of - Water Utility X   

Rialto, City of  X  Updated in 2006 

San Bernardino MWD X   

Terrace Water Co.  Watermaster  

West Valley Water District X  Personal Communication 

Yucaipa Valley Water District1 X   

Other/Private2  Watermaster  

Plaintiffs of the Western Judgment 

Meeks and Daley WC  Watermaster  

Riverside-Highland WC X Watermaster  

Riverside Public Utilities  X Watermaster  

San Gorgonio Pass Area 

Beaumont Cherry Valley WD X 2006 LAFCO Report 

Banning, City of3 X 2006 LAFCO Report 

Cabazon Water District3  2006 LAFCO Report 

South Mesa Water Company X 2006 LAFCO Report 

Yucaipa Valley Water District1 X  2006 LAFCO Report 
San Bernardino Mountains Area 

Big Bear City CSD  2000 UWMP 

City of Big Bear Lake DPW X   

Big Bear Municipal WD   Personal Communication 
1Yucaipa Valley Water District overlies the SGPWA and the Valley District.  Yucaipa Valley WD 
includes Western Heights WC and Oak Valley. 
2Includes Devore WC, Crafton WC, Inland Valley Development Company, Mount Vernon WC, 
Pioneer Mutual WC, Pharaoh-Powell Mutual WC, Redlands WC, Tennessee WC, California Portland 
Cement Company, Corridor Land Company, El Rivino Country Club, and Elsinore Valley MWD. 
3Agencies outside of the Santa Ana River Watershed but inside the SGPWA service area. 
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3.2.1 Applied Water Demands 

The applied water demands developed for the water budget are based on the 
demand projections provided by each individual agency.  If demand projections 
were unavailable for an agency, a per-capita applied water demand was 
calculated using Southern California Association of Governments (SCAG) data 
along with the water demands published by Western-San Bernardino 
Watermaster.  Projections for the water users that do not belong to a city or water 
agency are based on historical demand trends using historical data compiled by 
the Watermaster.  The applied water demands from 2005 to 2030 are summarized 
in Table 3-2. 

The Urban Water Management Planning Act requires that water demands be 
broken down into water use categories.  The categories selected for this Region 
are Residential, Commercial/Industrial, Agricultural, and Other.  The Other 
category includes uses such as unaccounted-for system losses, water sales to 
other agencies, and water used in construction.  Figure 3-1 displays the total 
water demands in the region and breaks them down by water use.  The projected 
total demand in the Region is expected to increase by about 50 percent from 
349,200 acre-feet in 2005 to 519,700 acre-feet in 2030 (See Table 3-2).  
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Table 3-2 
Future Applied Water Demands in the Region (Acre-Feet per Year) 
Water Agency 2005 2010 2015 2020 2025 2030 

Non-Plaintiffs of the Western Judgment 

Colton, City of  11,900 13,500 14,800 16,100 17,300  17,300  

East Valley Water District  27,000 30,400 34,200 35,900 35,900  35,900  

Fontana Water Company1 31,300 37,200 39,600 39,600 39,600  39,600  

Loma Linda, City of  7,600 8,800 9,400 9,900 10,200  10,600  

Marygold Mutual WC  0  0  1,500 1,500 1,500  1,500  

Muscoy Mutual WC 2,100 2,100 2,100 2,100 2,100  2,100  

Redlands, City of - Water Utility 45,500 50,600 55,000 59,500 61,500  65,300  

Rialto, City of  14,300 13,300 13,900 13,900 13,900  13,900  

San Bernardino MWD 47,500 54,800 61,900 67,700 73,500  73,500  

Terrace Water Co. 900 900 900 900 900  900  

West Valley Water District 25,300 30,000 33,700 39,000 45,000  56,400  

Yucaipa Valley Water District2 13,900 13,200 15,600 17,300 19,400  20,000  

Other/Private3 28,600 28,300 28,000 27,700 27,400  27,100  

Subtotal 255,900 283,100 310,600 331,100 348,200  364,100  
Plaintiffs of the Western Judgment4 

Meeks and Daley WC 7,800 7,800 7,800 7,800 7,800  7,800  

Riverside-Highland WC 4,300 4,300 4,300 4,300 4,300  4,300  

Riverside Public Utilities  52,200 52,200 52,200 52,200 52,200  52,200  

Regents of California 500 500 500 500 500  500  

Subtotal 64,800 64,800 64,800 64,800 64,800  64,800  
San Gorgonio Pass Area 

Beaumont Cherry Valley WD  8,800 22,300 27,900 29,300 30,000  30,500  

Banning, City of 9,500 12,500 15,500 18,500 21,600  24,600  

Cabazon Water District 1,000 4,000 8,000 12,000 16,000  16,000  

South Mesa Water Company 2,500 2,700 3,200 3,600 3,700  4,300  

Yucaipa Valley Water District2 1,800 5,400 6,100 7,100 7,300 8,600 

Subtotal 23,600 46,900 60,700 70,500 78,600  84,000  

San Bernardino Mountains Area 

Big Bear City CSD 1,300 1,400 1,500 1,600 1,600  1,600  

City of Big Bear Lake DPW 2,600 2,900 3,200 3,500 3,900  4,200  

Big Bear Municipal Water District 1,000 1,000 1,000 1,000 1,000  1,000  
Subtotal 4,900 5,300 5,700 6,100 6,500  6,800  

TOTAL 349,200 400,100 441,800 472,500 498,100  519,700  
1The demands shown for Fontana Water Company are their projected supplies from the Region, not 
FWC total demand. Portions of the supplies will be delivered outside the Region.  
2Includes Western Heights WC and Oak Valley and overlies both SGPWA and Valley District. 
3Includes Bear Valley Mutual WC, Devore WC, Crafton WC, Inland Valley Development Company, 
Mount Vernon WC, Pioneer Mutual WC, Pharaoh-Powell Mutual WC, Redlands WC, Tennessee WC, 
California Portland Cement Company, Corridor Land Company, El Rivino Country Club, Elsinore 
Valley MWD, San Gabriel Valley Water Company, and  Reche Canyon Mutual WC. 
4The demands for the Plaintiffs are their adjusted rights to the SBBA, not the total demand of the 
Plaintiff water agencies 
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3.2.1.1 Increase in Water Demand in Dry Years 

During drought periods, water demands increase due to the increased irrigation 
demands for agriculture and landscaping.  The demands outlined in Table 3-2 
and Figure 3-1 are the average water demands projected by the water agencies.  
For the purposes of the modeling of the San Bernardino Basin Area (SBBA) 
analysis, water demands were assumed to increase in “critically dry” years by 
four percent (California Department of Water Resources (DWR) Bulletin 
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160-93).  Critically dry years were defined to be the driest 20 percent of years 
using the SAR annual flows near Mentone from 1962 to 2000. 

3.2.1.2 Reduced Demand Due to Conservation 

Conservation reduces water demand in ways that are not easily measured.  
Demand is reduced through changed consumer behaviors and more water-
efficient fixtures like ultra-low-flow toilets and showerheads.  These savings 
happen gradually over time as non-conserving fixtures are replaced with newer 
water-efficient models.  The agencies within the Region implement a prescribed 
set of urban water conservation best management practices (BMPs) according to 
the Urban Water Planning Act. The current water demands reflect the effect of 
water conservation projects that are implemented by the purveyors.  However, in 
general, demand projections of the UWMPs do not include estimates of 
conservation due to the implementation of future water conservation programs. 

3.2.2 Water Supplies 

The following sections provide a description of each water supply within the 
Region, the projected demands on each supply, and an estimate of the available 
water supply based on data presented in UWMPs and the Western-San 
Bernardino Watermaster report.  The majority of the groundwater basins in the 
Region are adjudicated.  The projected demands on each water supply were 
based on the UWMPs. The projected water supplies of water purveyors were 
scaled to meet the projected demand. This was necessary to make a realistic 
projection of demand on shared water supplies within the Region.  

3.2.2.1 San Bernardino Basin Area  

The San Bernardino Basin Area (SBBA) was adjudicated by the Western 
Judgment in 1969.  The judgment established the natural safe yield of the SBBA 
to be a total of 232,100 acre-feet per year for surface water diversions and 
groundwater extractions.  Surface water is diverted from Mill Creek, Lytle Creek, 
and the SAR.  The average surface water diversions in the SBBA for direct use 
from 1968 to 2000 were 39,000 acre-feet per year.  It was determined in the 
Western Judgment that the Plaintiffs have a 64,862 acre-feet per year share of the 
safe yield, which equates to 27.95 percent of the safe yield.  The Plaintiffs 
include the City of Riverside (the successor to the Riverside Water Company and 
the Gage Canal Company), Riverside Highland Water Company, Meeks & Daley 
Water Company, and the Regents of the University of California (Regents).  

The Non-Plaintiffs’ (agencies within San Bernardino County) rights are 167,238 
acre-feet which equates to 72.05 percent of the safe yield.  If the Non-Plaintiff 
extractions exceed the safe yield of the SBBA, Valley District is obligated to 
import and recharge a like amount of water into the SBBA.  The Western-San 
Bernardino Watermaster produces an annual report calculating the total 
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extractions and comparing it to the safe yield.  If the total extractions are less 
than the safe yield, it results in a “credit.”  If the total extractions are more than 
the safe yield, it results in a replenishment obligation.  Table 3-3 and Figure 3-2 
outline the projected increase in demands for the local surface water and 
groundwater in the SBBA and provide an estimate of how much replenishment 
will be needed in the future. According to the 2006 Annual Western-San 
Bernardino Watermaster Report, Valley District has 256,000 acre-feet of credit 
accumulated in the SBBA. 

The SBBA is forecasted to supply over 60 percent of the future water demand 
within the Region.  Computer models were used to help determine whether the 
available surface water (local surface water and imported water) and groundwater 
supplies would meet ultimate demands (2030).  Based on the modeling results 
(described in Chapter 4.3), if the State Water Project (SWP) is as reliable as 
DWR estimated in 2005 (77%) and the Valley District’s water rights application 
on the SAR is approved, the SBBA storage can be maintained to meet the 2030 
demands. 
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Table 3-3 
Projected SBBA Local Surface Water Diversions and Groundwater Extractions 
(Acre-Feet per Year) 

Water Agency 20051 2010 2015 2020 2025 2030 

Non-Plaintiffs 

Colton, City of  5,600 7,000 7,700 8,300 9,000  9,000 

East Valley Water District  26,100 21,400 25,200 27,000 27,000  27,000 

Fontana Water Company 17,300 18,000 18,000 18,000 18,000  18,000 

Loma Linda, City of  6,600 8,800 9,400 9,900 10,200  10,600 

Marygold Mutual WC  0 0 1,500 1,500 1,500 1,500 

Muscoy Mutual WC 2,100 2,100 2,100 2,100 2,100  2,100 

Redlands, City of - Water Utility 37,500 39,100 42,000 45,000 47,000  50,300 

Rialto, City of  11,400 9,300 9,900 9,900 9,900  9,900 

San Bernardino MWD 49,900 53,900 61,000 66,900 72,700  72,700 

Terrace Water Co. 800 900 900 900 900  900 

West Valley Water District 10,900 12,800 14,800 17,600 21,100  30,700 

Other/Private2,3 22,200 20,200 19,900 19,600 19,300  19,000 

Subtotal 190,400 193,500 212,400 226,700 238,700  251,700 

Plaintiffs (Based on Adjusted Rights5) 

Meeks & Daley WC 7,800 7,800 7,800 7,800 7,800  7,800 

Riverside-Highland WC 4,300 4,300 4,300 4,300 4,300  4,300 

Riverside Public Utilities  52,200 52,200 52,200 52,200 52,200  52,200 

Regents of California 500 500 500 500 500  500 

Subtotal 64,800 64,800 64,800 64,800 64,800  64,800 

Total Groundwater and Surface 
Water Demand 255,200 258,300 277,200 291,500 303,500  316,500 

Safe Yield 232,100 232,100 232,100 232,100 232,100  232,100 

Extractions above Safe Yield 23,200 26,300 45,200 59,500 71,500  84,500 

Return flow from Extractions 
above the Safe Yield6 8,400 9,500 16,300 21,400 25,700  30,400 

Replenishment Obligation7 14,800 16,800 28,900 38,100 45,800  54,100 

Italic = Estimated value. Projected demands in the SBBA were not specified in UWMPs. 
1The extractions for 2005 are based on the Western-San Bernardino Watermaster 2006 Annual Report. 
2Includes Devore WC, Crafton WC, Inland Valley Development Company, Mount Vernon WC, Pioneer Mutual WC, 
Pharaoh-Powell Mutual WC, Redlands WC, and Tennessee WC.  
3In 2005 Other/Private includes a portion a Bear Valley Mutual Water Company (BVMWC) demands. BVMWC stock is 
owned by the City of Redlands and East Valley WD. After 2005 it was assumed that BVMWC are included in the City of 
Redlands and East Valley WD projections, as they purchase rest of the shares. 
4Adjusted rights are based on the natural safe yield of the SBBA and were effective in 1972.  Prior to 1972, extractions 
were limited to the “base rights,” which were the average extractions during the base period from 1959 to 1963. 
5The Western Watermaster assumes a 36 percent return flow from extractions above the safe yield. 
6The Replenishment Obligation is the Extractions above the Safe Yield minus the Return Flow from the extractions. 
above the Safe Yield. 
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3.2.2.2 Colton Basin Area  

The groundwater extractions in the Colton Basin Area are governed by the Rialto 
Basin Decree and the Western Judgment.  The Western Judgment uses the 
terminology “Colton Basin Area”; however, this basin is also known as the 
Rialto-Colton Basin.  Fontana Water Company (FWC), City of Rialto, City of 
Colton, and West Valley Water District are subject to the Rialto Basin Decree, 
entered on December 22, 1961, by the Superior Court for the County of 
San Bernardino.  Entitlement extractions for any given water year (October 1 to 
September 30) are affected by groundwater elevations between March and May 
for three specific “index” wells (Duncan Well, Willow Street Well, and Boyd 
Well).  Under specified conditions, groundwater extractions may be limited 
during certain months.  

The Western Judgment requires Valley District to maintain the average lowest 
static water levels in three index wells in the Colton Basin Area and Riverside 
North Basins above 822.04 feet mean sea level (msl).  If the water levels fall 
below 822.04 feet msl, Valley District is obligated to recharge the basin with 
imported water or reduce extractions.  Extractions for use in Riverside County 
are limited to 3,381 acre-feet per year. 

The safe yield for the Colton Basin Area was not defined by the Western 
Judgment or the Rialto Basin decree.  Extractions during the five-year base 
period of the Western Judgment, 1959 to 1963, were, on average, 11,731 acre-
feet per year.  Extractions have averaged 17,300 acre-feet per year from 1996 to 
2005.  Since 1971, when the Watermaster reports began, the water levels in the 
three index wells have never fallen below 822.04 feet.  In 2006, the average 
lowest static level was 878.74 feet msl for the three index wells.  Projected 
extractions in the Colton Basin Area are found in Table 3.4.   

Since the safe yield has not been determined for the Colton Basin Area, the 
average extraction from 1996-2005 of 17,300 acre-feet per year was used as the 
available supply from the Colton Basin Area in the water budget summary. 

Table 3-4 
Projected Extractions in the Colton Basin Area (Acre-Feet per Year) 
Water Agencies 20051 2010 2015 2020 2025 2030 
Colton, City of 4,100 4,100 4,500 4,900 5,300 5,300 
Rialto, City of 1,600 2,000 2,000 2,000 2,000 2,000 
West Valley Water District 2,200 3,500 4,500 5,900 8,200 10,000 
Fontana Water Company 7,300 8,000 8,000 8,000 8,000 8,000 
Other/Private2 2,100 2,100 2,100 2,100 2,100 2,100 

Total 17,300 17,600 19,000 20,800 23,500 25,300 
Historical Average 

(1996-2005) 17,300 17,300 17,300 17,300 17,300 17,300 
1The extractions for 2005 are based on the 2006 Western-San Bernardino Watermaster Annual 
Report.  
2Includes San Gabriel Valley WC and Reche Canyon Mutual WC. 
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3.2.2.3 Riverside North Basin 

Groundwater extractions in the Riverside North Groundwater Basin (the portion 
of the Riverside Basin in San Bernardino County) are governed by the Western 
Judgment.  Extractions for use in San Bernardino County are unlimited, provided 
that water levels at three index wells in the Rialto-Colton and Riverside North 
Basins stay above 822.04 feet msl.  (Extractions from the Riverside North Basin 
for use in Riverside County are limited to 21,085 acre-feet per year.)   

Total extractions during the five-year base period of the Western Judgment, 1959 
to 1963, were, on average, 33,729 acre-feet per year. Historically, average static 
low measurements have never been below 822.04 feet and in 2006 were 
878.74 feet msl.  Because the safe yield of the Riverside North Basin has not 
been determined, the average historical extraction from 1996 to 2005 of 30,100 
acre-feet per year was used as the available supply of the Riverside North Basin.  
Because the agencies in Riverside County are limited to 21,085 acre-feet per 
year, the available supply used in the water budget summary is the amount for 
the Non-Plaintiffs of 9,000 acre-feet per year.  Table 3-5 lists the projected 
demands on the Riverside North Basin.  If this increased production causes the 
water levels to drop, water agencies would have to either restrict use or Valley 
District would need to recharge the basin with imported water.  

Table 3-5 
Projected Extractions in the Riverside North Basin (Acre-Feet per Year) 

Water Agencies 20051 2010 2015 2020 2025 2030 

Colton, City of 2,100 2,400 2,700 2,900 3,100 3,100  
Rialto, City of -0  1,000 1,000 1,000 1,000 1,000  
West Valley Water District 1,300 2,900 3,700 4,800 5,000 5,000  
Agencies in Riverside County2 11,200 21,100 21,100 21,100 21,100 21,100  
SBMWD – RIX Overextraction3 

5,000 6,000 6,000 6,000 6,000 6,000  

Other/Private4 5,000 6,000 6,000 6,000 6,000 6,000  
TOTAL 29,100 38,400 39,500 40,800 41,200 41,200  

Historical Average (1996-2005) 30,100 30,100 30,100 30,100 30,100 30,100 
1The extractions in 2005 are based on the 2006 Western-San Bernardino Watermaster Report 
2Agencies in Riverside County have the adjusted right of 21,085 AF in the Riverside North basin. 
3The Rapid Infiltration and Extraction (RIX) facility overlies the Riverside North Basin.  In order to ensure that 
the secondary effluent applied to ground does not percolate to the groundwater and it is fully recovered, it is 
necessary that extractions exceed the amount of water applied.  At present, this water is discharged from 
the RIX outfall into the SAR.  In the long-term, the over-extractions rates will be approximately 10 percent 
more than that recharged (Watermaster 2003 pg. 14). 
4Includes California Portland Cement Company, Corridor Land Company, El Rivino Country Club, and 
Elsinore Valley MWD. 
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3.2.2.4 Yucaipa Groundwater Basin 

Yucaipa Valley Water District (YVWD) estimates the safe yield of the Yucaipa 
Groundwater Basin to be 10,000 acre-feet per year (YVWD 2005 pgs. 2-6).  
YVWD accounts for the majority of the demand on the Yucaipa Groundwater 
Basin.  The City of Redlands Municipal Utilities Department and South Mesa 
Water Company also extract water from the Yucaipa groundwater basin to a 
lesser extent.  YVWD demands are projected to increase from 15,700 acre-feet in 
2005 to 28,600 acre-feet by 2030.  In order to meet demands above the 
groundwater safe yield, YVWD plans to recycle water and import surface water 
from Mill Creek, SAR, and the SWP through transfer and exchange agreements 
with the City of Redlands and Valley District.  YVWD’s new water treatment 
plant became operational in 2007.  There is potential to increase spreading of 
water in the Wilson Creek spreading grounds and also to utilize the Oak Glen 
Creek stream channel for additional recharge.  By maximizing the existing 
spreading grounds and expanding spreading acreage along Oak Glen Creek (25 
to 50 acres), the capability exists to spread from 7,000 to 14,000 acre-feet of 
surface water annually into the Yucaipa Basin.  

Table 3-6 
Projected Extractions in the Yucaipa Basin (Acre-Feet per Year) 

Water Agencies 2005 2010 2015 2020 2025 2030 

Redlands, City of – Municipal Utilities 
Department 1,000 1,000 1,000 1,000 1,000 1,000 

South Mesa Water Company 2,500 2,700 2,000 2,300 1800 1,800 

YVWD 12,600 7,800 7,800 7,800 7,800 7,800 

TOTAL 16,100 11,500 10,800 11,100 10,600 10,600 

Safe Yield 10,000 10,000 10,000 10,000 10,000 10,000 

 

3.2.2.5 Other Groundwater and Surface Water Supplies 

3.2.2.5.1 San Gorgonio Pass Area Groundwater Basins 

The supplies available in the SGPWA are based on the “2006 Report on the 
Water Supply Conditions in the San Gorgonio Pass Region” submitted to 
LAFCO by SGPWA and the San Timoteo Watershed Management Authority 
(STWMA).  This report concluded that the retail agencies in the region will be 
able to supply the projected demands to 2030 as long as the agencies 
aggressively develop local supplies and recycled water, complete the East Branch 
extension, and secure additional supplies outside the SGPWA service area.  

The available groundwater supplies in the San Gorgonio Pass region are found in 
Table 3-7.  The available supplies were based on Table 7 of the 2006 LAFCO 
report.  
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Table 3-7 
Projected Extractions of Other Groundwater and Surface Water Supplies (Acre-Feet 
per Year) 

Water Agencies 2005 2010 2015 2020 2025 2030 

San Gorgonio Pass Area Groundwater Supplies1 

Edgar Canyon Basin 1,800  1,800  1,800  1,800  1,800  1,800  

Beaumont Basin 24,700  24,700  8,700  8,700  8,700  8,700  

Banning Storage Unit 2,500  2,700  3,000  3,200  3,500  3,700  

Banning Canyon 5,000  5,000  5,000  5,000  5,000  5,000  

Cabazon Storage Unit 1,000  6,000  6,000  6,000  6,000  6,000  

Local Enhancements 700  8,100  10,100  11,500  12,900  13,600  

Supplies 35,700  48,300  34,600  36,200  37,900  38,800  

Big Bear Valley Groundwater 

City of Big Bear Lake D.W.P 2,500 2,800 2,200 2,500 2,800 3,100  

Big Bear City C.S.D 1,300 1,400 1,500 1,600 1,600 1,600  

BBV Groundwater Subtotal 3,800 4,200 3,700 4,100 4,400 4,700  

Big Bear Lake 

Big Bear Municipal W.D.2 1,000 1,000 1,000 1,000 1,000 1,000 

No Man's Land Groundwater 

Fontana Water Company 3,700 3,600 3,600 3,600 3,600 3,600  

Rialto, City of  1,200 1,000 1,000 1,000 1,000 1,000 

TOTAL PROJECTED SUPPLIES 44,400 57,100 42,900 44,900 46,900 48,100  
1The SGPA groundwater available supplies are based on Wildermuth Demand and Supply data LAFCO 
2006, Table 7. 
2Surface water from Big Bear Lake used for snow making 

 

3.2.2.5.2 Big Bear Valley Groundwater 

Big Bear Community Services District (BBCSD) supplies all its water from 
groundwater in Big Bear Valley.  The City of Big Bear Lake Department of 
Water and Power (BBLDWP) also produces groundwater in Big Bear Valley.  
The projected extractions from Big Bear Valley groundwater are found in 
Table 3-7.  The reduction in demand in 2015 is due to the planned additional 
recycled water supply becoming available after 2010. 
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3.2.2.5.3 Big Bear Lake 

Big Bear Municipal Water District has a 
contract with Bear Mountain/Snow 
Summit to sell water from Big Bear Lake 
for snowmaking.  The contract allows 
the sale of up to 1,300 acre-feet per year 
and no more than 11,000 acre-feet for 
any 10-year period.  Currently, the sales 
of water for snowmaking have not 
exceeded 1,000 acre-feet per year.  The 
projected extractions from Big Bear 
Lake are found in Table 3-7. 

3.2.2.5.4 No Man’s Land 

Water from Big Bear Lake is used for snowmaking at local 
ski resorts.  Most of the melted snow from the resorts flows 
back into the lake. 

FWC and City of Rialto extract water 
from a small unadjudicated groundwater 
basin between the Chino Basin and the 
Colton Basin Area known as “No Man’s 
Land.”  FWC plans to extract 3,600 acre-

feet per year from the basin.  The City of Rialto plans also extract water from No 
Man’s Land.  Projected extractions from “No Man’s Land” are found in 
Table 3-7. 

3.2.2.6 State Water Project Water 

SWP water is delivered from Northern California to Valley District.  Valley 
District has the fifth largest SWP contract, with a maximum Table A amount of 
102,600 acre-feet per year through 2035.  To help assess the reliability of SWP 
supplies, DWR published the 2005 State Water Project Delivery Reliability 
Report.  In this report, various hydrologic studies were conducted on the 
expected deliveries (expressed as percentage of entitlement) that would be 
available during different hydrologic years from 1922 to 1994.  DWR ran two 
modeling studies, Study 4 and Study 5.  Study 4 estimated the SWP deliveries 
based on 2005 demand levels with a repeat of the hydrology from 1922 to 1994.  
Study 4 estimated that, on average, 68 percent of the Table A SWP amounts 
would be delivered based on 2005 demand levels.  Study 5 estimated SWP 
deliveries based on 2025 demand (which was assumed to be the full Table A 
amount).  Study 5 estimated that, on average, 77 percent of the Table A SWP 
amounts would be delivered based on 2025 demand levels.  The existing 
facilities and environmental constraints are the same between the two studies; the 
difference in reliability is the result of not limiting the deliveries to the 2005 
demand levels for Study 5.  (Example: in a repeat of the hydrology in 1956, 
Study 4 estimates the 2005 demand to be 3,639 thousand acre-feet (TAF).  
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Therefore, the deliveries are limited to 3,639 TAF.  In 1956, with Study 5, the 
deliveries are not limited by the demands and the full amount of 4,133 TAF 
could be delivered).  For this analysis, the reliability of the SWP is based on 
Study 5, which reflects the projected availability of SWP water not limited by 
2005 demand levels.  Therefore, Valley District’s Table A amount of 102,600 
acre-feet is estimated to be 77 percent reliable, or, on average, Valley District 
could receive 79,000 acre-feet per year of the Table A amount. 

The water agencies in the Valley District service area forecast approximately 
34,200 acre-feet per year for SWP deliveries in 2030, outlined in Table 3-8, 
based upon UWMP projections.  Valley District is estimated to need 
approximately 54,100 acre-feet per year to meet the replenishment obligations in 
the SBBA with the projected demands in 2030 (Table 3-3).  Replenishment may 
also be required for the Colton Basin Area and the Riverside North groundwater 
basins depending on the future water levels.  Valley District would have 44,800 
acre-feet per year of available SWP water to use for replenishment from its Table 
A amount after the SWP deliveries in 2030.  The shortfall in 2030 may be met by 
the Valley District’s water rights application on the SAR. 

The other state water contractor in the Region is SGPWA.  SGPWA has a 
contracted Table A amount of 17,300 acre-feet per year but is currently limited to 
importing 8,650 acre-feet per year until the next phase of the East Branch 
Extension is completed.  Beaumont-Cherry Valley Water District and the City of 
Banning plan to purchase additional water from SGPWA and are investigating 
acquiring SWP water from other contractors’ Table A amounts through SGPWA. 
The need for SWP water in the San Gorgonio Pass to meet the projected demands 
is higher than the current SGPWA Table A amount.  Table 3-8 summarizes the 
forecasted demand for direct deliveries of SWP water and Table 3-9 is the 
available SWP supplies to the Region based on state water contractors’ Table A 
amounts.  Crestline-Lake Arrowhead Water Agency (CLAWA) is outside of the 
Region but provides 66 acre-feet per year water to the City of Big Bear Lake 
Department of Water and Power.   
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Table 3-8 
Projected Deliveries of State Water Project (Acre-Feet per Year) 

Water Agencies 2005 2010 2015 2020 2025 2030 
SBVMWD 

East Valley WD 800 9,000 9,000  9,000  9,000 9,000 

Fontana Water Company 3,000 5,000 5,000  5,000  5,000 5,000 

Redlands, City of, Water Utility 0 3,000 4,000  5,000  5,000 5,000 

San Bernardino MWD 2,000 2,000 2,000  2,000  2,000 2,000 

West Valley Water District 1,300 7,000 7,000  7,000  7,000 7,000 

Yucaipa Valley Water District 0 2,900 4,000  4,500  6,100 6,200 

Subtotal 7,100 28,900 31,000  32,500  34,100 34,200 

SGPWA (Portions of the SGPWA deliveries will be delivered for recharge) 
Banning, City of 0 4,000 8,800  9,300  9,300 9,300 

Beaumont-Cherry Valley 0 6,000 6,800  6,800  6,900 6,900 

Cabazon Water District 0 0 2,000  6,000  10,000 10,000 

South Mesa Water Company 0 0 1,100  1,100  1,700 2,200 

Yucaipa Valley Water District 500 2,300 3,600  4,700  4,800 6,100 

Subtotal 500 12,300 22,300  27,900  32,700 34,500 

CLAWA 
City of Big Bear Lake DWP  100 100 100  100  100 100 

Subtotal 100 100 100  100  100 100 

Total Deliveries 7,700 41,300 53,400  60,500  66,900 68,800 

 
Table 3-9 
Available State Water Supplies Based on Table A Amounts (AFY) 

Water Agencies Table A 
Amount 

Average 
Reliability 

(77%) 

Multi-Year 
Drought 

Reliability 
(39%) 

Single-
Year 

Drought 
Reliability 

(21%) 
Valley District 102,400 79,000 40,000 21,500 

SGPWA1 17,300 13,300 6,700 3,600 

CLAWA to 
BBLDWP2 100 100 100 100 

Total 119,800 92,400 46,800 25,200 
1SGPWA plants to acquire an additional 21,000 AF of Table A amount for City of Banning and 
BCVWD. 
2Crestline-Lake Arrowhead Water Agency supplies 66 acre-feet per year to BBLDWP. 
 

3.2.2.7 Recycled Water 

The projected use of recycled water is summarized by water agency in 
Table 3-10.  Recycled water use is forecasted to increase from 9,200 acre-feet per 
year in 2005 to 35,700 acre-feet per year in 2030.  The Orange County Judgment 
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(Orange County Water District v. City of Chino, et al., Case No. 117628) 
stipulated that Valley District shall be responsible for the delivery of an average 
annual supply of 15,250 acre-feet of “base flow” at the Riverside Narrows.  
Valley District has an agreement with the City of San Bernardino that at least 
16,000 acre-feet of treated wastewater effluent will continue to discharge from its 
sewage treatment plant into the Santa Ana River to meet Valley District’s 
obligation under the Orange County Judgment. 

The City of Rialto delivers 85 acre feet per year of recycle water to the California 
Department of Transportation (Caltrans) (not shown on the table) and may 
increase to 2,260 acre feet in the future. 

Table 3-10 
Projected Use of Recycled Water (Acre-Feet per Year) 

Water Agencies 2005 2010 2015 2020 2025 2030 
Banning, City of 0  1,500 1,800 2,200 2,500 2,800  

Beaumont Cherry Valley WD 0  5,800 7,000 7,100 7,200 7,200  

City of Big Bear Lake DWP 0  0 1,000 1,000 1,000 1,000  

Fontana Water Company 0  2,600 5,000 5,000 5,000 5,000  
Redlands, City of – Water 
Utility6 7,000 7,500 8,000 8,500 8,500 9,000 

San Bernardino  MWD 0  800 800 800 800 800  

South Mesa Water Company 0  0 100 100 200 200  

Yucaipa Valley WD 1,300  2,500 3,800 5,000 5,500 6,000  

West Valley Water District 900  3,700 3,700 3,700 3,700 3,700  

Total 9,200  24,400 31,200 33,400 34,400 35,700  
1The recycled water by the City of Redlands would otherwise percolate into the SBBA.  In the water 
budget summary this was not counted as a new supply. The recycled water that would otherwise 
discharge into surface streams and flow out of the Region was counted as new supply. 

 
3.2.3 Water Budget Summary 

The current balance between supply and applied demand for the Region is 
presented as the summary of the water budget in Table 3-11 to 3-15 and 
Figure 3-3.  Based on this analysis, the water supplies within the Valley District 
and San Bernardino Mountains area are adequate to meet the demands through 
2025.  This is assuming the SWP reliability published in the 2005 State Water 
Project Delivery Reliability Report and the Valley District/Western Municipal 
Water District water rights applications for the SAR are approved.  Additional 
water from the water rights applications is denoted as Seven Oaks Supply in 
Table 3-11.  The amount available from the water rights application may be 
higher or lower and depends on the conditions placed on the applications by the 
State Water Resources Control Board.  Additional conservation of 8,400 acre-
feet will be needed to ensure supply reliability for 2030. 
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Table 3-11 
Water Budget Summary for Valley District and San Bernardino Mountains (Acre-Feet per 
Year) for an Average Year 

 2005 2010 2015 2020 2025 2030 

SBBA Surface Water 39,000 39,000 39,000 39,000 39,000  39,000 

Big Bear Surface Water 1,000 1,000 1,000 1,000 1,000  1,000 

Seven Oaks Supply 0 0 10,800 10,800 10,800 10,800 

Surface Water 40,000 40,000 50,800 50,800 50,800 50,800 

SBBA Groundwater 193,100 193,100 193,100 193,100 193,100  193,100 
SBBA Return Flows from 
Extractions above safe 
yield2 

8,400 9,500 16,300 21,400 25,700 27,000 

SBBA return flow from 
SWP deliveries3 1,000 5,000 5,400 5,800 5,800 5,800 

Rialto-Colton Groundwater 17,300 17,300 17,300 17,300 17,300  17,300 
Riverside North 
Groundwater 9,000 9,000 9,000 9,000 9,000  9,000 

Yucaipa Groundwater 10,000 10,000 10,000 10,000 10,000  10,000 

Other Groundwater 8,700 8,800 8,300 8,700 9,000 9,300 

Groundwater  247,500 252,700 259,400 265,300 269,900  271,500 

Imported Water4 34,600 48,400 52,800 65,400 77,300  79,100 

Recycled Water5 3,500 12,100 18,100 20,500 21,500  22,500 

Additional Conservation6  0 0 0 0 0 8,400 

Total Supplies 325,600 353,200 381,100 402,000 419,500  435,700 

Total Demands -325,600 -353,200 -381,100 -402,000 -419,500 -435,700 

Shortfall  0   0   0   0   0   0   
1Water rights applications are pending.  The supplies of the project depend on conditions placed on the 
applications by the State Water Resources Control Board.  The 15,000 acre-feet are estimated based 
on the agreements in the Seven Oaks Accord and the Conservation District Settlement and are only 
preliminary estimates until the applications are approved.  The Water Rights EIR estimates the average 
annual diversions could range from 10,000 to 27,000 acre-feet per year.  The Plaintiffs portion is 
27.95% and the Non-Plaintiffs portion is 72.05% or 10,800 acre-feet per year. 
2The watermaster estimates 36% return flows from extractions above the safe yield of the SBBA. This is 
estimated in Table 3-3. 
3The Watermaster estimates a 36% return from the direct deliveries of SWP in the SBBA.  Only the 
direct deliveries to East Valley Water District and the City of Redlands were used in the calculations, as 
the other agencies that project to receive SWP water do not overly the SBBA. 
4The amount of SWP water used in the given year is the minimum between (a) the difference between 
the applied demand and the surface water, groundwater, recycled water, and future Seven Oaks Supply 
and (b) the available Table water found in Table 3-10. 
5The recycled water supply does not include recycled water from the City of Redlands, because it would 
otherwise percolate into the basin.  The recycled water included would otherwise be discharged into 
surface streams and out of the Region, and therefore can be counted as new supply. 
6Additional conservation was limited to five percent of the total demand. 
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Table 3-12  
Water Budget Summary for San Gorgonio Pass Water Agency Area 

  2005 2010 2015 2020 2025 2030 

Groundwater 22,700 25,500 24,500 24,700 25,000 25,200 

Imported Water 200 6,000 13,300 13,300 13,300 13,300 

Recycled Water 0 7,300 8,900 9,400 9,900 10,200 
Local Enhancement 

Projects 700 8,100 10,100 11,500 12,900 13,600 

Additional 
Conservation1  0 0 3,000 3,500 3,900 4,200 

Total Supplies 23,600 46,900 59,800 62,400 65,000 66,500 

Total Demands  -23,600 -46,900 -60,700 -70,500 -78,600 -84,000 

Shortfall 0 0 -900 -8,100 -13,600 -17,500 
1Additional conservation was limited to five percent of the total demand. 
 

 
 
Table 3-13  
Region-Wide Water Budget Summary for Average Year (Acre-Feet per Year)  
  2005 2010 2015 2020 2025 2030 

Surface Water 40,000 40,000 50,800 50,800 50,800 50,800  

Groundwater 270,900 286,300 294,000 301,500 307,800 313,700  

Imported Water 34,800 54,400 66,100 78,700 90,600 92,400  

Recycled Water 3,500 19,400 27,000 29,900 31,400 32,700  

Additional Conservation  0 0 3,000 3,500 3,900 12,600  

Total Supplies 349,200 400,100 440,900 464,400 484,500 502,200  

Total Demands -349,200 -400,100 -441,800 -472,500 -498,100 -519,700  

Shortfall 0 0 -900 -8,100 -13,600 -17,500  

 
Table 3-14 
Region-Wide Water Budget Summary for Multi-Year Drought (Acre-Feet per Year) 
  2005 2010 2015 2020 2025 2030 

Surface Water 30,000 30,000 30,000 30,000 30,000 30,000  

Groundwater 289,700 304,000 335,100 362,400 371,000 372,200  

Imported Water 26,000 46,700 46,700 46,700 46,700 46,700  

Recycled Water 3,500 19,400 27,000 29,900 31,400 32,700  

Additional Conservation  0 0 3,000 3,500 3,900 12,600  

Total Supplies 349,200 400,100 438,800 469,000 479,100 481,600  

Total Demands -349,200 -400,100 -441,800 -472,500 -498,100 -519,700  

Shortfall 0 0 -3,000 -3,500 -19,000 -38,100  
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Table 3-15 
Region-Wide Water Budget Summary for a Single-Dry Year (Acre-Feet per Year) 
  2005 2010 2015 2020 2025 2030 

Surface Water 20,000 20,000 20,000 20,000 20,000 20,000 

Groundwater 300,600 335,600 366,700 378,000 380,000 381,200 

Imported Water 25,100 25,100 25,100 25,100 25,100 25,100 

Recycled Water 3,500 19,400 27,000 29,900 31,400 32,700 

Additional Conservation 0 0 3,000 3,500 3,900 12,600 

Total Supplies 349,200 400,100 438,800 453,000 456,500 459,000 

Total Demands -349,200 -400,100 -441,800 -472,500 -498,100 -519,700 

Shortfall 0 0 -3,000 -19,500 -41,600 -60,700 
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Most of the shortage after 2015 shown in the overall water budget in Table 3-13 
is within the SGPWA.  In Table 3-13, the supply and demands for the SGPWA 
area are broken out separately.  SGPWA is attempting to purchase supplemental 
water to meet their projected shortage in supply.  By 2030, it is estimated that 
demands may outpace the current supplies by about 21,700 acre-feet per year.  

During multi-year and single-year droughts, the Region is more reliant upon the 
groundwater.  Based on groundwater modeling of the SBBA (described in 
Chapter 4), during a dry period, agencies typically increase their groundwater 
extractions to overcome any deficiency in local surface water and imported water 
supplies.  Computer modeling suggests that groundwater extractions in the 
SBBA can increase by 40 percent (190,000 to 280,000 acre-feet) to meet the 
demands in drought years if imported water is captured and stored when it is 
available in “wet years.”  

Figure 3-4 below shows the percentage of supply used to meet the demand in an 
average year, single-year drought, and multiple-year drought for the entire 
region.  The breakdown of the amount of supplies by category is found in Tables 
3-13 to 3-15.   
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Figure 3-4 
Water Supply Summary 
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4 Develop Integrated Regional Water 
Management Plan 

4.1 Introduction 
This chapter provides the planning framework for water management activities in 
the Upper Santa Ana River (SAR) watershed region.  The Integrated Regional 
Water Management Plan (IRWM Plan) is a roadmap for the management of 
water resources to ensure long-term, reliable water supply availability for the 
region.  The first step in developing this roadmap is the formulation of water 
management objectives.  The water management objectives are the overarching 
statements that define water management goals for the region.  The objectives 
define the desired outcome from implementation of the plan.  Specific objectives 
for management of water resources have been developed and will be discussed in 
this chapter. 

Upon formulation of the objectives, specific water management strategies are 
examined and evaluated in support of the objectives.  Water management 
strategies are the action plans and the ways of achieving the stated objectives.  
Evaluation of various water management strategies results in formulation of 
related feasible projects that would be implemented in the region to achieve the 
region’s water management objectives.  Figure 4-1 illustrates the process.  This 
figure also summarizes water management objectives and strategies considered 
in this IRWM Plan.  For the IRWM Plan, water management strategies and 
specific projects will be further optimized to eliminate undesired effects from 
implementing the projects on water resources of the region.  It should be 
mentioned that some of the water management strategies listed by the California 
Department of Water Resources (DWR) under IRWM Plan Guidelines are 
considered as not being applicable in the region and have not been discussed in 
the plan.  This includes the sea water desalting strategy.  The following sections 
describe this planning process in more detail. 
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Figure 4-1 
Objectives and Strategies 
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4.2 Water Management Objectives, Strategies, and 
Projects (California Water Code §§ 79562.5 and 
79564) 

Groundwater is a major source of water 
supply for the Upper Santa Ana Region. 

The water management objectives are broad statements that drive the water 
management planning in the region.  As stated earlier, water management in the 

study area is currently governed by a complex set of 
constraints, court decisions, judgments, and agreements.  
However, the IRWM Plan process facilitated a 
cooperative environment in which the existing 
institutional constraints do not limit the water managers 
from implementing decisions that optimize the use of 
available resources.  In other words, the water 
management objectives for the study area must be 
consistent with the objectives stated in these historic 
documents, while meeting the vision of the water leaders 
in the region for managing their water resources.  Other 
considerations in formulating the water management 
objectives for the region include California Water Code, 
Section 7956.2.5(b), which requires an Integrated Water 

Management Plan to address the objectives and conflicts of the region covered by 
the plan.   

Because groundwater is a major source of water supply and plays a significant 
role in meeting water needs of the region, groundwater management has been 
blended into the IRWM Plan to ensure a balanced approach to management of 
the water resources of the region, while seeking solutions that benefit all 
stakeholders.  Consistent with the Groundwater Management Planning Act, 
Basin Management Objectives (BMOs) have been formulated for the 
groundwater basins and for the San Bernardino Basin Area (SBBA).   

The consulting team and the Technical Advisory Group (TAG) have reviewed 
various court judgments and water management agreements currently in place 
within the region to formulate objectives that are consistent with the existing 
water management framework.  The TAG evaluated a broad range of objectives 
over several bi-weekly meetings to ensure consistency with the existing 
objectives of the agencies that have a vested interest in the water resources of the 
Upper Santa Ana River watershed.  The comprehensive list of objectives was 
categorized into the broader set of objectives that are intended to be as follows: 

 Consistent with the governing laws, judgments, and agreements that 
govern the water management in the region.  These laws, agreements, 
and judgments were discussed in Chapter 2. 
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 In harmony with the vision of water leaders for management of the 
region’s water resources.   

 Consistent with local agencies’ water management objectives. 

 Fulfilling the planning standards of the California Water Code.   

Two sets of objectives have been identified and discussed by the TAG and other 
water leaders in the region.  These objectives are as follows: 

 A set of broad water management objectives to guide a wide range of 
water management activities of the region.  Formulation of these 
objectives is also required by the Integrated Regional Water 
Management Planning Act.    

1. Water Supply Reliability Improvement.  Because surface 
water management and groundwater resources management of 
the region are critical and inseparable components of water 
supply reliability, surface water management and 
groundwater management are considered a subset of the 
broader water supply reliability objective,  

2. Water Quality Protection. 

3. Ecosystem Restoration and Environmental Improvement.   

 A set of BMOs for management of the groundwater basins and, 
particularly, for the SBBA.  Establishment of the BMOs for groundwater 
basins is one of the requirements of the Groundwater Management 
Planning Act.  These BMOs include reducing the risk of liquefaction 
in the pressure Zone and avoiding impacts to and from the 
contaminant plumes. 

The objectives, water management strategies, and associated programs and 
projects to achieve the above objectives are described in detail in this chapter.  It 
should be noted that most of the strategies and projects discussed below serve 
more than one objective and provide multiple benefits.  For the purpose of 
organizing these strategies, however, they are categorized under one specific 
objective. 

4.2.1 Improve Water Supply Reliability  

Improving water supply reliability is the primary objective of the IRWM Plan.  
This objective is formulated to ensure that a reliable water supply is available for 
the region through 2030.  As mentioned earlier, an important subset of this 
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objective is surface water and groundwater management.  Given the variability of 
the State Water Project (SWP) supplies, another of the region’s water supply 
reliability goals is to optimize the use of SWP supplies to be able to reduce its 
reliance on the SWP during drought periods.  Various water management 
strategies and projects are identified and evaluated to achieve water supply 
reliability objectives.   

To evaluate the performance of the water management strategies (as they are 
implemented) in achieving the water supply reliability goal of the region, the 
TAG considered the “performance criteria” for water supply reliability as 
established in the Urban Water Management Plan (UWMP) Act.  These criteria 
include evaluation of the following: 

 Reliable water supply for a minimum of a 25-year period, 

 Meeting average year water demands through 2030, 

 Meeting single-year drought water demands, 

 Meeting multi-year drought water demands, 

 Preparing a water shortage (up to 50 percent loss) contingency plan, and 

 Preparing for catastrophic interruption in water supplies. 

The Upper SAR watershed has adequate water resources to accommodate most 
hydrologic events and water agencies have substantially invested in facilities and 
institutions to protect those resources.  Local agencies have been planning and 
implementing facilities needed to improve water supply reliability by improving 
management of water resources of the region as demonstrated by the ongoing 
implementation of the San Bernardino Valley Municipal Water District (Valley 
District) Regional Water Facilities Master Plan and Santa Ana Watershed Project 
Authority’s (SAWPA’s) IRWM Plan for the watershed.  That said, those 
resources are subject to a number of challenges, including drought, 
contamination, climate change, and aging infrastructure.  Furthermore, 
substantial residential and commercial growth in the region is increasing the 
demands placed on available water, requiring careful planning and management 
of the region’s water resources. 

The following sections will describe water management strategies for meeting 
the region’s water supply reliability objective. 
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4.2.1.1 Water Conservation Strategies and Projects 

Over the past 30 years, water conservation and water demand management has 
grown to be a significant sector of California’s water supply picture.  Indeed, 
new technology and application of other proven technologies have “produced” 
substantial real water savings for both the agricultural and urban sectors.  In 
many communities in Southern California, per capita water use has decreased, 
allowing the same water supply to serve more people and industries.   

Today, many water conservation measures are cost-effective for agencies, 
especially those that depend on imported water supplies.  Furthermore, when one 
considers energy usage and the current incentives to save energy through water-
energy conservation partnerships, even more water saving efforts become cost-
effective. 

4.2.1.1.1 Irrecoverable vs. Recoverable Water Savings  

Depending upon the water conservation measure and its relative location, a water 
conservation measure can actually reduce real water use.  Real water is saved 
when discharges are reduced to a salt sink or ocean, or actual water consumption 
is reduced (i.e., through reduction of evapotranspiration) by managing landscape 
irrigation or changing irrigated lawn with more water-saving plants.  In this case, 
the real water savings would be made through reduction of an irrecoverable loss 
(evapotranspiration).   

On the other hand, in a system where excess water and treated wastewater are 
discharged to a river and potentially used again by downstream municipal, 
agricultural, or industrial users, there may not be significant system-wide water 
savings from water conservation.  In such situations, the overall water demand 
may not be significantly reduced.  Replacing older or less efficient toilets with 
more efficient ones and reducing the effluent discharge to the river where it 
would have been reused is a good example.  Saving recoverable water, however, 
has a number of benefits.  Improving water supply reliability for local purveyors, 
implementing the conservation project, saving energy on transportation, reducing 
the cost of water treatment, and improving water quality are all substantial 
benefits of water conservation in a recoverable system.   

4.2.1.1.2 Best Management Practices 

In 1991, nearly 100 urban water agencies and environmental groups signed a 
Memorandum of Understanding (MOU), pledging to develop and implement a 
series of Best Management Practices (BMPs) for water conservation.  The 
California Urban Water Conservation Council (CUWCC) was thus created to 
increase efficient water use statewide through partnerships among urban water 
agencies, public interest organizations, and private industry.  There are now 384 
members and signers to the MOU (www.cuwcc.com).  CUWCC members 
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voluntarily pledge to implement a series of BMPs within a reasonable time frame 
and coverage.  Members must periodically report the status of their BMP work to 
the CUWCC for verification.  Only those BMPs that are cost-effective for the 
water retailer or wholesaler need to be implemented.  Members have tools to 
estimate and show that a measure would not be as cost-effective and can receive 
a pass on that particular BMP.  Thus, successful implementation of all BMPs and 
credit for actively participating in the CUWCC process need not be a “complete” 
implementation of all BMPs. 

The table in Figure 4-2 shows the 14 BMPs that the CUWCC currently endorses.  
The CUWCC is constantly reviewing new technologies and strategies to improve 
water conservation.  New BMPs are added for new water saving methods and 
existing BMP requirements are adjusted for effectiveness.  This active BMP 
review and adoption process has kept this list the state-of-the-art in proven water 
saving measures. 

The CUWCC maintains a self-reporting database on the status of BMP 
implementation by water agency member.  This information includes recorded 
use and results of each BMP, the money invested in each BMP, and the estimated 
or calculated water savings for each of those measures by water purveyor.  This 
information is then summarized and aggregated to present a total water 
conservation picture for the collective membership on an annual basis.  The 
CUWCC database can be accessed at http://bmp.cuwcc.org. 

Not all BMPs are such that their benefits are quantifiable or measurable.  For 
example, BMP #12 requires the water agency to designate a staff member to 
manage the agency’s water conservation programs (water conservation 
coordinator).  BMPs #1, #2, #5, #6, #9, #9A, and #14 are generally considered to 
have measurable benefits.  (BMP #9A is the installation of ultra-low-flush toilets 
within the Commercial, Industrial, and Institutional sectors).   

Figure 4-3, data compiled by CUWCC, estimates the statewide current net annual 
water savings from those BMPs that can be quantified.  These values have also 
accounted for plumbing code changes.  Since the MOU only requires 
participation when water conservation measures are cost-effective, the resultant 
water savings shown in Figure 4-3 represents substantial savings that is within 
the economic reach. 
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Figure 4-2 
Best Management Practices 

Source:  California Urban Water Conservation Council 
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Figure 4-3 
Statewide Annual Water Savings from Implementation of Selected BMPs 

 
Source:  California Urban Water Conservation Council 

4.2.1.1.3 Urban Water Management Plans 

In 1983, the California legislature enacted the Urban Water Management 
Planning Act (Water Code Sections 10610-10658).  It states that every retail 
water supplier providing 3,000 acre-feet of water annually or supplying water to 
3,000 customers or more must file a UWMP with DWR.  The requirement is 
designed to ensure thoughtful planning for future water reliability.  Water 
purveyors must submit an updated plan and have that plan deemed complete by 
DWR every five years.  The statute requires quite a detailed assessment, 
including an analysis of Demand Management Measures (DMMs).  DMMs are 
the same actions as BMPs under the CUWCC MOU.  UWMP reporting under 
the Act is actually simplified for CUWCC members reporting their progress in 
implementation of BMPs. 

4.2.1.1.4 Potential Water Conservation Strategies for Upper Santa Ana River 

Table 4-1 summarizes the general implementation of DMMs for the water 
purveyors in the Upper SAR watershed, and thus, which water conservation 
measures are, at least at some level, being used within each agency.  The data for 
this table have been compiled from agency UWMPs.  The table does not show 
the magnitude of the investment or the level of effort involved in the measure.  
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Table 4-1 
Upper Santa Ana River Water Agencies Implementation of BMPs 
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East Valley Water District X N N Y Y N N Y Y Y N N N Y N
Fontana Water Company X Y Y Y Y Y Y Y Y Y N N Y Y Y
Loma Linda, City of 2002 UWMP N Y Y Y N N Y Y N N Y N Y N
Redlands, City of - Water Utility X Y Y Y Y Y N Y Y Y N Y Y Y Y
Rialto, City of X N Y Y Y Y N Y Y Y Y Y N Y Y
San Bernardino MWD X Y N Y Y N N Y Y N N N N Y N
West Valley Water District X N Y Y Y Y Y Y Y Y Y Y Y Y Y
Yucaipa Valley Water District X N N Y Y N N Y N N N Y Y Y N
Riverside Public Utilities X Y Y Y Y Y Y Y Y Y Y Y Y Y Y
Beaumont Cherry Valley W.D. X N N Y Y Y N Y Y Y N Y N N N
Big Bear City C.S.D. 2000 UWMP Y Y Y Y Y Y Y Y Y Y Y Y Y Y
City of Big Bear Lake D.P.W. X Y Y Y Y Y N Y Y Y N Y Y Y Y
Crestline-Lake Arrowhead W.A. X N N Y Y N N Y Y Y N Y Y Y N
Rubidoux C.S.D. X Y Y Y Y Y N Y Y Y Y Y Y Y Y

Demand Management Measure Implementation

2005 UWMPWater Agency
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Each agency is implementing some of the measures, but some agencies are 
implementing most of the measures.  There is potential to further enhance water 
savings efforts within the Upper SAR watershed communities and improve water 
supply reliability within the region. 

Two factors are important in evaluating the feasibility of water use efficiency 
measures: the quantity of the potential water savings and the cost-effectiveness of 
the water saving measures.  Both factors must be considered to determine when a 
particular BMP is cost-effective for implementation. 

Figure 4-4 shows the annual water savings for quantifiable or measurable BMPs 
from 1991 through 2007 using the CUWCC data.   

While the magnitude of the water savings would clearly be a function of the 
effort or investment in the particular BMP, the graph indicates three or four 
BMPs have produced some significant water over the past several years:  BMP 
#14 – Residential Ultra-Low-Flush Toilet Replacement, BMP #9 – Conservation 
Programs for Commercial Industrial and Institutional Accounts, BMP #5 – Large 
Landscape Conservation Programs, and BMP #1 – Water Survey Programs.  For 
areas with less aggressive water conservation efforts, further review may suggest 
that investment in these BMPs could have potential for significant conservation.   

Figure 4-4 
Annual Estimated Water Savings from BMPs 

 
Source:  California Urban Water Conservation Council 
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One should note that BMP #14, Ultra-Low-Flush Toilet Replacement, may be 
even more efficient by the recent trend during the past few years in using High-
Efficiency Toilets (HETs), those that require 1.3 gallons per flush instead of 1.6 
gallons.  This change in technology would make the general process of toilet 
and/or water fixture replacement more efficient but not necessarily alter the 
methodology of the BMP. 

To examine which water conservation measures would be most cost-effective to 
implement, one can compare the CUWCC data summaries on total expenditures 
for a particular BMP with the total estimated water savings from that BMP.  
Figure 4-5 shows the ratio of total dollar investment (cost) over the total annual 
estimated water savings for the measurable BMPs for the period 1999 through 
2004.   

Figure 4-5 
BMP Cost per Acre-Foot 

 
Source:  California Urban Water Conservation Council 

The lower lines on the graph suggest the more cost-effective water saving 
measures.  The higher points on the graph show measures that are comparably 
more expensive to implement.  BMPs #5 – Large Landscape Conservation 
Programs, #9 – Conservation Programs for Commercial, Industrial, and 
Institutional Accounts, #14 – Residential Ultra-Low-Flush Toilet Replacement 
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Program, and #2 – Residential Plumbing Retrofit, appear to be the most cost-
effective measures based on the aggregated CUWCC data. 

Figure 4-6 combines both quantity and cost-effectiveness (the information from 
Figures 4-4 and 4-5) on one graph.  Clearly, the past investments in BMPs #5, 
#9, and #14 seem to carry the best rewards both in quantity of water and cost. 

Figure 4-6 
BMP Benefit and Cost/Benefit 

 
Source:  California Urban Water Conservation Council 

4.2.1.1.5 Examples of Successful Water Conservation Programs 

Evidence about which program would be beneficial is often best characterized by 
the case study experiences of other water purveyors.  Water conservation 
programs for The Metropolitan Water District of Southern California 
(Metropolitan) have been reviewed to examine its current water conservation 
program activities. 
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Metropolitan Water District of Southern California – Metropolitan is a water 
wholesaler for a majority of the Southern California area.  Metropolitan submits 
an annual report of its activities, including water conservation programs and 
accomplishments, to the State Legislature.  From its February 2007 report, 
Metropolitan offers the following current water conservation programs: 

 High-Efficiency Toilets – Metropolitan offers a $165 incentive for 
HETs, which use even less water than Ultra-Low-Flow Toilets (ULFTs).  
It has provided incentives for about 14,000 HETs to date.  (Related to 
BMP #14.) 

 High-Efficiency Clothes Washers – Metropolitan retrofitted more than 
175,000 residential clothes washers since the incentive program began in 
1995.  As a direct result of grant funding and an increased incentive, 
high-efficiency clothes washers are currently being installed at a rate of 
about 30,000 retrofits per year.  (BMP #6.) 

 “Smart” Irrigation Controller Rebate – This year Metropolitan also 
had a concerted effort to reach residential customers with water-saving 
technology tips.  “Smart” irrigation controllers, many of which use a 
combination of weather and historical data to automatically adjust 
irrigation schedules, have been a particular focus.  Nearly 5,000 
residential controllers have been retrofitted since the inception of the 
program.  (This irrigation efficiency measure relates to BMP #5.) 

 Synthetic Turf Program – Metropolitan continues to seek turf 
alternatives to conventional warm season grasses through a pilot program 
for large landscape areas.  (This also relates to BMP # 5.) 

 Commercial/Industrial/Institutional Program – To address this niche 
of water saving opportunities, Metropolitan developed its current CII 
program, which includes two components (BMP #9): 

o Rebates -- fixed rebates for common fixture retrofits or 
installations. 

o Process Improvements – customized financial incentives for 
water-use process improvements on a pay-for-performance basis, 
which is typically applied to manufacturing and industrial 
applications. 

 California Friendly Landscape Program encourages native and 
drought-resistant plants within landscapes to reduce water consumption.  
(BMP #5.) 
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4.2.1.1.6 Conclusions and Recommendations 

The following conclusions and recommendations have been formulated based on 
the water conservation data gathered by CUWCC and other agencies’ 
experiences.   

Water Conservation projects have significant water and energy saving benefits, 
both in recoverable and non-recoverable water systems. 

BMPs #5, #9, and #14 appear to be the most attractive to water agencies because 
of potential significant water saving measures and high benefit-cost ratio.  
Current programs of other water agencies generally support activities in BMPs 
#5, #9, and #14. 

Other BMPs with non-measurable water savings should be considered on a case-
by-case basis if they could support other tangible benefits, including a balanced 
water conservation approach. 

Water purveyors in the Upper SAR Region should consider developing a 
program for evaluation and implementation of feasible water conservation 
strategies.  Initial program steps should focus on large-scale implementation of 
BMPs #5, #9, and #14. 

Water purveyors in Upper Santa Ana should consider obtaining a water use 
efficiency grant for a feasibility study of regional water conservation programs. 

These conservation strategies are essential for better stewardship of our resources 
and would improve water supply reliability, reduce energy use and cost, and 
provide a means for dealing with potential climate changes.   

4.2.1.1.7 Planned Water Conservation Projects in Upper Santa Ana Region 

As discussed above the following BMPs may have the greatest conservation 
potential in the region: 

 BMP #5 - Large Landscape Conservation Programs 

 BMP #9 - Conservation programs for Commercial, Industrial, and 
Institutional 

 BMP #14 - Residential Ultra-Low Flush Toilet replacement 

The degree of effectiveness of the conservation programs varies by communities.  
It is therefore recommended that the following conservation projects be 
undertaken in the region to better scope the scale and size of potential 
conservation projects: 
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 Regional Water Conservation Feasibility Study to document the 
feasibility of implementation of various BMPs in the region and to 
develop conservation programs for implementation.  It is suggested that 
Valley District take a lead role on this project. 

 Water Conservation Demonstration Garden to educate and encourage 
citizens in low water use California Friendly landscape.  This is a 
cooperative program between Valley District and the Water Resources 
Institute - California State University, San Bernardino (WRI-CSUSB). 

 Smart Irrigation Controller Program currently being developed by 
Valley District. 

 Model institutional water conservation makeover to demonstrate 
water conservation in various institutions in the region.  This is a 
cooperative program between Valley District and the WRI-CSUSB. 
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4.2.1.2 Water Recycling Strategies and Projects 

Water recycling projects improve water supply reliability and can contribute to 
improvement of water quality of the streams.  To the extent that treated 
wastewater from the water treatment facilities in the Upper SAR watershed is 
currently released to the SAR and used by downstream water users, water 
recycling may not add to the overall water supplies of the SAR watershed.  
Tangible local water supply reliability and water quality benefits could be 
realized, however, through implementation of water recycling strategies.  These 
benefits include the following: 

 Recycled water is available throughout the year and is independent of 
hydrologic cycles.  Improved water supply reliability will be achieved at 
the local level by the agency that is implementing the project by 
substituting potable water used for non-potable purposes with recycled 
water. 

 Water recycling reduces the release of treated wastewater (and generally 
warmer water) to the streams and therefore reduces the nutrient load of 
the receiving water.  This contributes to improvement of water quality 
and water temperature in the stream. 

 Depending on the purveyor’s source water, water recycling may reduce 
energy use for conveyance (i.e., conveyance of SWP or Colorado River 
water) and water treatment.  This may also reduce the water delivery 
system’s cost to the customers. 

Costs associated with water recycling include additional treatment and separate 
conveyance and distribution systems.  Water purveyors generally conduct a 
feasibility study to evaluate the costs and benefits of water recycling projects 
prior to commitment of funding and design of the facilities for water recycling 
projects. 

A number of water purveyors in the Upper SAR watershed are planning to 
expand or construct new water recycling facilities.  Summaries of the planning 
efforts for water recycling programs are presented below. 

4.2.1.2.1 Beaumont-Cherry Valley Water District 

The City of Beaumont treats all its wastewater to meet Title 22 regulations for 
recycled use.  As of 2005, about two million gallons per day (mgd) (all flows) 
were discharged to Cooper Creek, which is a tributary to San Timoteo Creek.  In 
partnership with the Beaumont-Cherry Valley Water District (BCVWD), 
Beaumont is upgrading its wastewater treatment plant (WWTP) capacity to four 
mgd and installing a recycled water pumping station and recycled water 
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pipelines.  Also as of 2005, about 18 to 20 miles of recycled water pipeline were 
“in the ground.”  These lines serve irrigation systems in parks and common areas 
in Pardee Sundance, Three Rings Ranch, Oak Valley Greens, Pardee Tournament 
Hills, and elsewhere.  Pipelines also extend to the Oak Valley and the two PGA 
West golf courses.  The district is in a unique position, as there is more demand 
for recycled water than available supply. 

BCVWD intends to serve recycled water, to the extent possible, for non-potable 
uses and as permitted by law.  This would make potable water, now used for 
irrigation, available for new development.  As new development occurs, the new 
projects would include appropriate piping systems to permit the use of recycled 
water for irrigation of street medians, greenbelts, schools, parks, and common 
areas.  In the future, the recycled water system could be expanded to irrigate 
cherry and other fruit orchards.  This concept then envisions limiting the use of 
quality potable water to potable water purposes to the extent practical.  Surplus 
recycled water will be available during certain times of the year when normal 
irrigation demands are reduced.  During these times, the surplus will be piped to 
spreading basins for surface spreading of recycled water for groundwater 
recharge.   

4.2.1.2.2 City of Big Bear Lake Department of Water and Power  and Big Bear 
Community Services District 

Currently, neither City of Big Bear Lake Department of Water and Power 
(BBLDWP) nor Big Bear Community Services District (BBCSD) use recycled 
water within their service areas; however, this is slated to change.  In 2004 and 
2005, the Big Bear Area Regional Wastewater Agency (BBARWA), working 
along with BBLDWP and BBCSD, cooperated in the preparation of a Draft 
Recycled Water Master Plan for the Big Bear Valley.  The Master Plan, whose 
implementation will result in benefits to all three agencies, includes reduction of 
the valley’s dependence on limited groundwater supplies, extension of available 
water resources, and provision of valuable economic and environmental benefits 
to the valley’s communities.   

The objective of the Recycled Water Master Plan is to investigate the feasibility 
of using recycled water throughout Big Bear Valley.  It provides a 
comprehensive planning document that outlines a phased road map for 
incremental implementation of facilities to achieve the listed benefits.  The 
recycled water supply implementation is divided into four improvement phases at 
the WWTP, each phase in 500 acre-foot increments.  The plan has identified 
numerous opportunities for recycled water use, with emphasis placed on 
groundwater recharge.  It is anticipated that this plan will be implemented such 
that completion of the first phase and deliveries of recycled water will occur in 
2011.   
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4.2.1.2.3 Fontana Water Company  

Currently, Fontana Water Company (FWC) is working cooperatively with the 
City of Fontana for FWC to design and construct the first phase of a recycled 
water program.  Once recycled water becomes available and the necessary 
infrastructure is constructed, FWC will be the purveyor of recycled water to 
those customers within its service area who can make use of such water.  In the 
first phase of the recycled water program, FWC will provide approximately 
1,700 acre-feet of recycled water to schools, parks, commercial customers, and 
Community Facilities Districts’ landscape irrigation locations in the southern 
portion of the City of Fontana within FWC’s service area.  Ultimate build-out in 
FWC’s service area will enable FWC to provide approximately 5,000 acre-feet of 
recycled water.  FWC supports the use of recycled water where its use is 
appropriate and where recycled water is available. 

Recycled water will be supplied by the Inland Empire Utilities Agency’s (IEUA) 
RP-4 regional WWTP.  This plant produces disinfected and filtered tertiary-
treated recycled water suitable for outdoor irrigation, industrial uses, and 
groundwater recharge.  RP-4 has a current capacity of 7 mgd and is being 
expanded to 14 mgd (scheduled for completion in mid-2007).  Not all of the 
plant’s production will be available for purchase by FWC because other users are 
also served by the WWTP. 

4.2.1.2.4 City of Redlands Municipal Utilities Department 

Beginning in 2005, most effluent from the City of Redland’s WWTP has met 
Title 22 standards for recycled water.  In 2005, approximately 60 percent of the 
recycled water was used for industrial purposes, with the remainder used for 
groundwater recharge.  The City of Redlands requires some new commercial 
development to provide dual plumbing for irrigation systems and to 
accommodate the use of recycled water as it becomes available.  Through the use 
of financial incentives, the city expects industrial recycled water use to reach 
6000 acre-feet per year by 2010. 

4.2.1.2.5 City of Rialto and West Valley Water District 

The City of Rialto is investigating the expansion of its existing tertiary treatment 
plant and reclaimed water system as a way to supplement the city’s water supply.  
The existing tertiary treatment plant wastewater flows are approximately 7.5 mgd 
(9,000 acre-feet per year).  The city currently discharges the majority of its flows 
to the SAR, but is under no obligation to continue this practice.   

The City of Rialto has constructed a hydropneumatic booster station and 
approximately 7,000 feet of 10-inch-diameter transmission water line to provide 
the California Department of Transportation (Caltrans) with recycled water for 
42,000 feet of landscape irrigation for Interstate-10.  Caltrans has been using 1.0 
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mgd of recycled water during the summer months and 0.5 mgd during the winter 
for an annual total of 850 acre-feet.  Currently, there are no other users of the 
recycled water. 

Rialto recently prepared a Wastewater Master Plan that investigated recycled 
water systems as a way to supplement the city’s water supply and reduce the 
need to purchase water.  The plan analyzed the feasibility of converting a 
currently unused water main that extends several miles up Riverside Avenue and 
identified potential landscape irrigation customers (San Bernardino Park, 
Convalescent Hospital, the Senior Center, a baseball field, and a recreation 
center).  A Proposition 50 grant funded the construction of recycled water lines 
that tie into the unused water main.  The city is also investigating the use of 
package plants in the north end of the city and has identified potential users of 
recycled water that could result in approximately 2,250 acre-feet of annual 
demand.   

All of the wastewater collection and treatment within the West Valley Water 
District (West Valley) is handled by the City of Rialto.  West Valley utilizes non-
potable raw SWP water and decanted backwash water from the Oliver P.  
Roemer Water Filtration Facility to supply the El Rancho Verde Golf Course.  
Records show that the golf course consumed 1,357 acre-feet in 2003.  West 
Valley identified other additional potential users of recycled water that could 
result in approximately 3,700 acre-feet of annual demand.  Most of these new 
users are currently supplied with potable water. 

4.2.1.2.6 City of Riverside 

The City of Riverside Public Works Department operates and maintains the 
Riverside Regional Water Quality Control Plant (RRWQCP).  The daily average 
wastewater inflow to the RRWQCP is 33 mgd.  The plant capacity is 40 mgd, 
with the ultimate planned capacity of 60 mgd.  The service area of the RRWQCP 
extends beyond the Riverside Public Utilities (RPU) service area to include the 
areas served by Jurupa, Rubidoux, and Edgemont Community Services District.  
Tertiary-treated effluent (recycled water) is discharged into the SAR and the 
Hidden Valley Wetlands (the wetlands provide additional nitrogen removal.)  
RRWQCP is required to discharge 15,250 acre-feet per year, adjusted for quality, 
to meet downstream obligations to Orange County Water District (OCWD).  
Some recycled water is used for landscape irrigation and commercial purposes.   

RPU petitioned the State Water Resources Control Board (SWRCB) for a 
wastewater change to reduce permitted discharge to the SAR by 11,000 acre-feet 
per year in connection with the citywide recycled water program.  The envisaged 
recycled water program includes landscape irrigation, agriculture irrigation, and 
other commercial and industrial purposes.  Under its proposed Recycled 
Agricultural Water Program, RPU would design and construct a distribution 
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system to serve existing agricultural operations, wholesale users, and other 
agencies.   

4.2.1.2.7 San Bernardino Municipal Water Department 

The San Bernardino Municipal Water Department (SBMWD) operates the San 
Bernardino Water Reclamation Plant serving the cities of San Bernardino, 
Highland, and Loma Linda, property that was formerly Norton Air Force Base, 
East Valley, Patton State Hospital, and portions of the unincorporated areas of 
San Bernardino County.  All the wastewater at the San Bernardino Water 
Reclamation Plant is treated to the secondary level.  The secondary-treated 
effluent is sent to the Rapid Infiltration Extraction (RIX) Facility and treated to 
tertiary levels, then released into the SAR.  In mid-2006, the San Bernardino 
Water Reclamation Plant re-activated its tertiary treatment facility and diverts 
approximately 0.75 mgd or 840 acre-feet per year of water from the influent 
stream to RIX for treatment to Title 22 standards for landscaping applications at 
the City of San Bernardino Municipal Golf Course and Caltrans located adjacent 
to Interstate 215.  SBMWD estimates that in the future the reclamation plant’s 
service area will be able to potentially recycle an additional 2.25 mgd or 
2,519 acre-feet per year of water for use within its service area (SBMWD 2005).  
Valley District and SBMWD are initiating a master plan study to evaluate the 
treatment of more secondary effluent at the existing water reclamation plant, 
reducing flows to the RIX.  For additional planned recycling by San Bernardino, 
see the RIX Facility section below. 

4.2.1.2.8 Yucaipa Valley Water District  

Yucaipa Valley Water District (YVWD) treats recycled water meeting Title 22 
requirements through its Henry N.  Wochholz Wastewater Treatment Facility.  
The facility has a rated capacity of 4.5 mgd and is undergoing an expansion and 
upgrade to a capacity of 6.7 mgd.  Currently, treated effluent is conveyed through 
a land outfall and discharged to San Timoteo Creek.  Three customers along the 
existing land outfall are receiving recycled water for irrigation purposes.  Dual 
plumbing is being installed in new developments.  Delivery amounts are 
expected to grow to about 6,700 acre-feet by 2020 or about 24 percent of total 
agency water demands.  Ultimately, YVWD expects to deliver about 8,000 acre-
feet per year of recycled water (YVWD 2005). 

In addition, a new water reclamation plant (WRP) is planned to serve the Oak 
Valley development.  This WRP will provide both wastewater treatment and a 
source of recycled water for the Oak Valley area.  The Yucaipa Wastewater 
Master Plan identifies the capacity of the new WRP at 4 mgd required to serve 
the needs of Oak Valley and other areas of the district from where wastewater 
could flow by gravity to the new WRP.  Based on the projected capacities 
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contained in the Yucaipa Wastewater Master Plan for both treatment plants, there 
are approximately 11 mgd of wastewater available for recycling (YVWD 2005). 

4.2.1.2.9 Rapid-Infiltration Extraction Facility 

The RIX facility treats secondary-treated wastewater from the Colton and San 
Bernardino plants.  The RIX facility treats the wastewater to tertiary levels for 
release into the SAR.  The RIX facility was designed as a 40-mgd plant, but as of 
2005, operates at 27 mgd.  The RIX facility releases 16,000 acre-feet per year in 
agreement with Valley District to meet the downstream obligations to Orange 
County.  In 2003, SBMWD released a Programmatic Environmental Impact 
Report evaluating the sale of up to 18,000 acre-feet per year of excess effluent to 
potential buyers downstream.  SBMWD has previously determined that the use 
of recycled water from the RIX facility to offset water demands within its service 
area is not feasible at this time.  The RIX facility is located at an elevation and 
distance from SBMWD’s service area that makes it economically impractical to 
utilize recycled water (SBMWD 2005).  This could change if the water is not 
sent to the RIX facility. 

Table 4-2 summarizes the proposed water recycling projects of the region. 
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Table 4-2 
Upper Santa Ana River Water Agencies Recycling Water Programs 

Water Agency Recycling Plant 
Recycled Water
Production 
Capacity 

Description 

Beaumont Cherry 
Valley WD 

City of Beaumont 
WWTP 2 MGD 

Current expansion will 
upgrade production to 4 
mgd. 

City of Big Bear Lake 
DWP & Big Bear City 
CSD 

Big Bear Area 
Regional 
Wastewater 
Agency Plant 

1.63 MGD 

Future construction plans 
aim to produce 500AFY by 
2011, and 1000AFY by 
2015. 

Fontana Water 
Company 

IEUA Regional 
treatment Plant 4 7 MGD 

FWC needs additional 
infrastructure to deliver 
recycled water in its service 
area. 

City of Redlands 
Municipal Utilities 
Department 

City of Redlands 
WWTP 6 MGD 

Recycled water used for 
basin recharge and 
industrial purposes. 

Rialto, City of & West 
Valley WD 

City of Rialto 
Water Treatment 
Plant 

12.0 MGD 

Recycled water used for 
landscape irrigation on the I-
10.  City plans to expand 
use of recycled water. 

Riverside Public 
Utilities 

Riverside 
Regional Water 
Quality Control 
Plant 

40 MGD 

Applied for a change in 
permit to recycle up to 
41,400 ac-ft/yr. 

San Bernardino MWD 

San Bernardino 
Water 
Reclamation 
Plant 

0.75 MGD 

Construction of a tertiary 
plant at the existing San 
Bernardino Water 
Reclamation Plant to recycle 
water for landscape 
irrigation. 

Yucaipa Valley Water 
District 

Henry N.  
Wochholz 
WWTP  

6.7 MGD 
New plant at Oak Valley will 
increase total recycled water 
availability to 12,000 ac-ft/yr. 

San Bernardino 
MWD, City of Colton, 
City of Loma Linda, 
County of San 
Bernardino, and East 
Valley Water District 

Rapid Infiltration 
and Extraction 40 MGD 

All the water from the RIX is 
currently released into the 
Santa Ana River.  The City 
of San Bernardino is 
exploring selling part of its 
portion of the recycled 
water.   
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4.2.1.3 Groundwater Management Strategies and Projects 

Improving groundwater management will significantly contribute to the 
sustainability of water resources in the region.  The IRWM Plan is intended to 
provide strategies to improve management of the groundwater resources of the 
Upper SAR watershed.  Management of groundwater resources includes 
conjunctive use of surface water and groundwater resources as well as 
management of groundwater levels and water quality.  Three BMOs have been 
considered for management of groundwater basins as described below.  

Maximize Conjunctive Use and Increase Ability to Collect and Recharge 
Storm and Flood Water 

Integration of flood and stormwater management strategies with recharge and 
conjunctive use opportunities contributes to water supply reliability in the region.  
The San Bernardino Valley area has been significantly urbanized over the past 
several decades and the area continues to grow with numerous in-fill 
development projects.  As the amount of impervious surface increases with 
urbanization, the runoff, and, therefore, storm and flood flows are also 
increasing.  Without adequate flood control systems to capture and contain these 
surface waters for recharge, the opportunities for water supply, water quality, and 
environmental improvement are greatly lessened or lost.  Therefore, formulating 
strategies to capture storm runoff and use it for recharge of the groundwater 
basins will provide both flood management and water supply benefits to the 
region.   

Some of the water-related judgments and agreements in the region, including the 
Western Judgment (Western Municipal Water District of Riverside County v.  
East San Bernardino County Water District, Case No.  78426), Orange County 
Judgment (April 17, 1969 Orange County Superior Court Judgment), and the 
Rialto Decree focus on ensuring the reliability of the water supply by controlling 
and carefully monitoring annual groundwater extractions.  If a certain 
“threshold” is exceeded, some of these judgments and agreements require that the 
groundwater basin(s) be recharged from an “outside” source such as the SWP.  A 
key to increasing future water supply reliability will be to increase conjunctive 
management of the surface water and groundwater resources of the region. 

Reduce the Risk of Liquefaction 

The most significant considerations in groundwater management in the SBBA 
are reducing the risk of liquefaction in the Pressure Zone due to high 
groundwater levels and avoiding impacts to and from the various groundwater 
contaminant plumes.  Those two considerations are recognized as BMOs for the 
basin.  All management strategies must satisfy these two constraints. 
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A significant portion of the SBBA—generally, the downtown and southern 
portions of the City of San Bernardino—is an area of historically high 
groundwater.  This high groundwater combined with the thick layer of sand in 

the aquifer may create a risk of liquefaction in an earthquake.  
Liquefaction occurs only during an earthquake in areas of 
water-saturated, sandy soil.  Given the large extent of sandy 
soils under the City of San Bernardino, the most practical 
way to reduce this risk is to reduce groundwater levels 
through basin management.  Many of the facilities in the San 
Bernardino Valley Municipal Water District’s (Valley 
District) Master Plan (CDM 1995) and some of the Santa 
Ana watershed Project Authority (SAWPA) proposed 
facilities are intended to assist in managing groundwater 
levels in this liquefaction-susceptible area.  Due to the public 
safety threats associated with liquefaction, reducing the risk 
of liquefaction has been recognized within the BMOs for the 
SBBA.  The objective of managing groundwater levels to 
reduce the risk of liquefaction is consistent with the 
Groundwater Management Planning Act and the California 
Water Code requirement that BMOs should be developed to 
manage water levels in the basin. 

To meet this objective, strategies were identified and 
evaluated during the planning process.  Most of these 
strategies serve multiple objectives and contribute to 
groundwater management, water quality objectives, and 
water supply reliability for the region.  The region generally 

relies on local surface water, groundwater, recycled water, 
and the SWP for its water supplies.   

The Cuttle Weir is a concrete and rock 
diversion structure owned by the San 
Bernardino Valley Water Conservation 
District and is used to divert water from the 
Santa Ana River to the Conservation 
District’s Santa Ana River Spreading 
Grounds for artificial recharge of the SBBA.  
The Seven Oaks Dam can be seen in the 
background.  The good quality Santa Ana 
River water is used to recharge SBBA, hence 
improving water supply reliability and 
improving SBBA groundwater quality. 

Groundwater basins, in general, and the SBBA, in 
particular, are the primary sources of water supply for 
most of the water purveyors in the region.  It is noteworthy 
to mention that the local agencies in the region have 
limited surface storage facilities for carryover storage and 
they rely on groundwater storage for seasonal as well as 
year-to-year water storage and regulation.  Therefore, 
management of surface water, groundwater, groundwater 
quality improvement, and imported water are intrinsically 
interrelated and interconnected.  It was recognized early in 
the planning process that water supply reliability, 
groundwater management, and the water quality objectives 
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of the plan can be met by performing a comprehensive evaluation and developing 
conjunctive water management. 

Protect Groundwater Quality 

The goal of this BMO is to protect the quality of the region’s groundwater 
resources.  Groundwater management is currently influenced by the presence of 
contamination plumes.  Most of these plumes resulted from historic military and 
industrial operations in the region.  The following plumes have been identified: 

1. Newmark-Muscoy Superfund (trichloroethylene [TCE]) 

2.  Redlands-Crafton (TCE, Perchlorate)   

3.  Santa Fe Plume (TCE) 

4.  Former Norton Air Force Base (TCE)  

5.  Rialto-Colton Subbasin (PCE, TCE, 1,1-DCE, cis-1,2-DCE, perchlorate) 

6.  No-Mans Land (PCE) 

Management strategies are developed to not only avoid any adverse impacts that 
would cause these plumes to spread further but also to develop projects that will 
accelerate the cleanup of these plumes.  These strategies are evaluated using 
computer models.  Avoiding any impacts to and from the plumes, and their 
removal when possible, is considered a BMO for the region.  This BMO is also 
consistent with the Groundwater Management Planning Act requiring BMOs to 
be formulated to address groundwater quality issues of the basin.   

4.2.1.3.1 Groundwater Management Strategies 

The region currently relies primarily on groundwater to meet its water needs and 
will continue to do so in the future.  The SBBA is by far the largest source of 
groundwater for the region.  When the basin is too full, high groundwater 
conditions occur in the Pressure Zone.  The high groundwater levels are a 
concern because they increase the risk of liquefaction.  High groundwater 
conditions also limit opportunities for recharge and/or groundwater banking in 
the basin.  A “tilted basin” concept (see Figure 4-7) was suggested by some of 
the water leaders in the region as a way to maximize groundwater banking and 
manage the water levels in the SBBA.   
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Figure 4-7 
Tilted Basin 

 

Management of groundwater levels under the tilted basin concept consists of 
recharging the basin at the “rim spreading grounds” and shifting the pumping, to 
the degree possible, to the Pressure Zone.  The rim spreading grounds are located 
at the base of the San Bernardino Mountains and have high permeability soil.  
The “travel time” for the water to move from the rim recharge basins to the 
Pressure Zone is long enough to allow for seasonal regulations as well as 
conjunctive management of the basin.  Under the tilted basin concept, 
groundwater levels could be generally higher in areas outside the Pressure Zone, 
while the water levels may be lower within the Pressure Zone.  Considerable 
technical activities were undertaken during the planning process to: 

 Develop analytic tools for basin management such as groundwater and 
surface water models.  These models are discussed in Appendix C. 

 Assess “baseline” conditions. 

 Develop operational strategies for management of the groundwater 
basins, including groundwater levels and quality considerations.   

 Develop groundwater production and artificial recharge strategies. 

 Develop a process for management of the SBBA.  This process is 
discussed in detail in this chapter. 
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 Develop a groundwater monitoring plan for collection, storage, and use 
of groundwater level and quality data, as well as assessment of the 
groundwater management strategies and their impacts on groundwater 
levels. 

As stated earlier, management of the groundwater levels to reduce the risk of 
liquefaction and protect groundwater quality are key BMOs.  Figure 4-8 shows 
operation strategies for managing groundwater resources of the SBBA.  As 
shown, operational strategies are established during the planning process to 
ensure established BMOs (listed as Priority 1 and Priority 2) are met and that 
planned projects and programs are consistent with the goals of the BMOs and 
will contribute to attainment of the objectives.  Considerable resources were used 
to develop tools for understanding and management of this basin.  A groundwater 
model has been developed and further refined to simulate the behavior of the 
aquifers under different operational scenarios.  A detailed discussion of 
groundwater modeling efforts is presented in Appendix C. 

The key model outputs include groundwater levels and resulting groundwater 
directions.  The model is used to design appropriate levels of groundwater 
conjunctive management strategies while meeting stated BMOs.  The model runs 
were to identify the range (“book-ends”) and provide information such as the 
following: 

 Suitable places for managed groundwater recharge; 

 Amount of water to be recharged in each managed recharge area; 

 Key groundwater monitoring locations; 

 Groundwater pumping, including location and number of the production 
wells; and 

 Programs and projects to facilitate pumping, treatment, and the use of 
contaminated groundwater. 

Development of the water management strategies and associated projects to meet 
the BMOs requires a clear understanding of the SBBA hydrogeology and 
groundwater flows and directions under various operational scenarios.  
Groundwater modeling studies are performed and water level contours are 
prepared for operation of the basin assuming a range of conjunctive use 
operations.  Operations of existing and future recharge facilities and production 
wells can be further refined through these modeling studies.  Using modeling 
study results, additional facilities are formulated to implement the conjunctive 
use strategies. 
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Figure 4-8 
Developing Groundwater Management Operational Strategies 

 

Two specific BMOs mentioned earlier must be met as the IRWM Plan is being 
implemented.  These BMOs are specifically designed for management of the 
water level and water quality in the Bunker Hill and Lytle Creek Basins. 

To achieve the objective of reducing the risk of liquefaction, the groundwater 
level(s) in the Pressure Zone would be reasonably managed to maintain at least 
50 feet below ground surface (bgs).  This objective will be implemented through 
optimization of groundwater recharge and groundwater production activities and 
monitoring of key “index wells” throughout the year.  Implementation strategies 
may include increasing production in the Pressure Zone and reducing recharge in 
the areas that may contribute to the speedy rise of the water level in the Pressure 
Zone. 
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4.2.1.3.2 Groundwater Quality Protection Strategies 

A key water quality objective in the Bunker Hill Basin is minimizing adverse 
impacts from and to groundwater contaminant plumes.  The IRWM Plan 
recommends specific strategies that would facilitate and expedite clean up while 
meeting the above water quality objective.  These strategies consist of 
(1) formulating and implementing a program to increase groundwater pumping 
and cleanup in the plume areas, and (2) designing conjunctive use strategies that 
ensure avoidance of impacts to and from the contaminant plumes. 

Bunker Hill Basin Regional Water Supply Program 

In the mid-1990s, Valley District completed a Regional Water Facilities Master 
Plan for its service area that identified a regional transmission system to deliver 
high groundwater from the Bunker Hill Basin Pressure Zone to the surrounding 
communities.  Since then, Valley District has constructed some of these facilities.  
Facilities within the City of San Bernardino have been incorporated into the 
SBMWD’s Lower Zone distribution system.  The SBMWD may then operate 
Valley District’s facilities as a part of the city’s Lower Zone.   

The proposed Bunker Hill Regional Water Supply Program consists of design 
and construction of facilities for regional production, treatment, and distribution 
of treated water in the basin.  Groundwater from the Newmark plume would be 
conveyed to treatment facilities and distributed to interested agencies within and 
outside the Valley District’s service area.  This program will provide water 
supply reliability by accelerating the cleanup of groundwater plumes, and 
improve the management of the groundwater levels in the Pressure Zone. 

Facilities needed to implement this program include: 

 Groundwater production wells and collection system; 

 Regional wellhead treatment facilities; and  

 Potable water storage, transmission, and pumping facilities.   

Additional detailed discussion of this program and associated facilities can be 
found in Appendix E. 

4.2.1.3.3 Conjunctive Use Strategies 

As mentioned previously, the design of conjunctive use programs should ensure 
avoidance of impacts to and from the contaminant plumes and minimize the 
increased risk of liquefaction.  With this criterion and the “tilted basin” concept 
in mind, four conjunctive use scenarios have been evaluated for this plan.  The 
first scenario is the base level conjunctive use.  The baseline level conjunctive 
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use is intended to demonstrate how conjunctive management of the region’s 
surface and groundwater resources (groundwater, local, and imported surface 
water supplies) will help the region meet its water demand through 2030.  The 
next three scenarios are designed to examine the response of the basin when an 
additional 40 thousand acre-feet (TAF), 90 TAF, and 140 TAF conjunctive use 
programs are implemented.  The intent of these studies is to characterize the 
book-ends for water banking in the SBBA under the “tilted basin” concept.  The 
model runs were prepared with consideration of the following: 

 Hydrologic base period is from 1962 through 2000. 

 Basin storage must be maintained to comply with existing adjudications, 
i.e., no long-term storage depletion—basin storage at the end of the 
modeling run period would be “equivalent” to the storage at the start of 
the modeling period. 

 Water levels within the Pressure Zone would be within acceptable 
ranges. 

 Water levels outside the Pressure Zone may be higher. 

 Avoiding impacts to and from known groundwater contaminant plumes. 

Conjunctive use operation of the SBBA should also comply with numerous other 
agreements and MOUs.  Compliance with these documents will be verified 
during real-time operation of the SBBA and are discussed in more detail in 
Section 4.2.1.3.5. 

Modeling studies were conducted for the four scenarios and are described below.  
A summary of the assumptions of the four modeling studies is presented in 
Figure 4-9. 

The groundwater model developed as part of this planning effort does not include 
the terms and conditions set forth in the Seven Oaks Accord and the Riverside 
Agreement.  The modeling runs developed for the IRWM Plan provide valuable 
information, however, on how to manage the groundwater basins within the 
framework of all existing legal constraints.  Future proposed conjunctive use 
projects will be analyzed using a groundwater model to ensure their compliance 
with the terms and conditions of the various legal agreements in the basin. 

Baseline Scenario – The baseline scenario assumes compliance with the existing 
adjudication constraints and includes the diversion rights of Senior Water Right 
Claimants, Valley District’s Replenishment Obligations, and SBVWCD.  Future 
water demand within  
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Figure 4-9 
Groundwater Modeling Assumptions 
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the region is estimated using data presented in UWMPs prepared by the water 
purveyors as presented in Chapter 3.  To meet the water demand, it is assumed 
that Valley District will use newly conserved SAR water, as is defined in water 
right applications, and its SWP Table A allotment, as available, for recharge and 
direct delivery to the treatment plants.   

The modeling studies have been conducted to document the performance of the 
basin when local surface water and SWP supplies are used to replenish the basin 
by Valley District as required by the adjudication.  Modeling studies are designed 
to cover a 39-year period (1962-2000), which includes the wet years such as 
1969 and 1980 and the driest period of 1987 through 1992.  This modeling 
scenario is intended to show how the base conjunctive use project can be used to 
meet future water needs of the region.  This scenario was used in preparation of 
the water budget (Chapter 3). 

The results of the base scenario suggest that the region can meet its water needs 
through 2030, while achieving the BMOs.  The results also indicate that the 
available surface water for recharge and the SWP supplies, assuming a 77 
percent allocation, are adequate to offset the pumping demand on SBBA, and that 
at the end of the 39-year modeling run the basin storage is the same as the 
beginning of the period (see Figures 4-9 and 4-10)  The IRWM Plan consulting 
team has evaluated any potential impact of conjunctive use operation upstream of 
the SBBA (U.S. Forest Service (USFS) land) to ensure the operation will not 
impact the groundwater level and associated ecosystem of the USFS land.  
Facilities needed to implement the base conjunctive use scenario include those 
that are necessary to bring SAR water to the treatment facilities and spreading 
grounds and are discussed in the Local Surface Water Management section. 
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Figure 4-10 
Hydrologic Budget Summary 
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Scenario A – This scenario is intended to show the performance of a project with 
potential 40 TAF additional conjunctive use per year.  The level of conjunctive 
use presented with this scenario is intended to evaluate the feasibility of a 
40 TAF conjunctive use project.  The other modeling run assumptions used for 
this scenario were similar to the base scenario. 

The modeling studies indicate that this level of conjunctive use operation is 
feasible and the stated BMOs are also met.  The facilities needed to implement 
this level of conjunctive use include: 

 A well field consisting of 20 production wells and connecting pipeline, 

 Treatment facilities, 

 Pipeline to connect the well field to the treatment and distribution 
facilities, and 

 Improvement in existing groundwater managed recharge basins. 

Scenario B – This scenario is for an additional 50 TAF per year conjunctive use 
opportunity (for a total of 90 TAF per year over the Base Scenario).  Additional 
facilities needed to implement this level of conjunctive use include: 

 A well field consisting of 30 additional production wells (50 total), 

 Treatment facilities for production wells pumping from the plumes, and 

 Conveyance facilities. 

Scenario C – This scenario is for an additional 50 TAF per year of conjunctive 
management over Scenario B for the total conjunctive use of 140 TAF per year.  
Additional facilities needed to implement this incremental level of conjunctive 
use include: 

 A well field consisting of 30 additional production wells (80 total), 

 Treatment facilities for production wells pumping from the plumes, 

 Conveyance facilities, and 

 Additional spreading grounds. 

4.2.1.3.4 Yield of Conjunctive Use Strategies 

The yield of conjunctive use strategies listed above is calculated using the 
groundwater model based on water demands for the basin.  Model runs A, B, and 
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C represent the conjunctive use scenarios discussed in the previous section.  
Table 4-3 below shows the yield of three conjunctive use scenarios for a single 
drought year and a three-year drought period (1990 year type is used for Upper 
SAR watershed as the driest single year and 1988 to 1990 is used as the three-
year drought period).   

Table 4-3 
Summary of Potential Additional Yield for the SBBA 

Terms Period 
Baseline 
Run 
[acre-ft] 

Run A 
[acre-ft] 

Run B 
[acre-ft] 

Run C 
[acre-ft] 

2032 271,987 301,987 381,987 421,987 

2033 277,330 307,330 367,330 387,330 

2034 289,105 329,105 409,105 449,105 
Groundwater 
Pumping 

Total 838,422 938,422 1,158,422 1,258,422 

Single Year 
Drought 
2034 (1990) 

N/A 40,000 120,000 160,000 
Conjunctive 
use 
Additional 
Yield 3-Year Drought 

2032-2034 
(1088-1990) 

N/A 100,000 320,000 420,000 

Single-year drought 2034 (hydrologic year 1990) 
Three-year drought 2032-2034 (hydrologic years 1988-1990) 
 

As shown in the above table, for the single drought year, the additional yield for 
the conjunctive use would be 40,000 acre-feet, 120,000 acre-feet, and 160,000 
acre-feet for Model Runs A, B, and C, respectively.  The yield during a three-
year drought would be 100,000 acre-feet (or 33 TAF per year), 320,000 acre-feet 
(or 106 TAF per year), and 420,000 acre-feet (or 140 TAF per year) for Model 
Runs A, B, and C, respectively. 

Specific facilities needed to implement the conjunctive use program discussed 
above are summarized in Table 4-4. 
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Table 4-4 
Facilities Needed to Implement Various Conjunctive Use Program Scenarios 

Conjunctive Use 
Scenario 

 
Facilities Needed 

Baseline Facilities to divert SAR water per water rights application  

1A 20 new extraction wells and conveyance facilities 

1B 30 additional extraction wells (in addition to 1A) and conveyance 
facilities 

1C 30 additional extraction wells (in addition to 1B) and conveyance 
facilities 

 

4.2.1.3.5 Process for Managing the SBBA 

Implementation of the conjunctive use operation in the SBBA must meet the 
requirements of various judgments, agreements, and MOUs developed and 
agreed upon by water entities in the region.  To effectively manage the SBBA in 
real time, the TAG drafted a basin management process for a coordinated and 
comprehensive management plan of the SBBA.  This process will be submitted 
to the Board of Directors of Valley District and Western Municipal Water 
District (Western) for review and approval.  The process is outlined in 
Figure 4-11. 
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Figure 4-11 
Overview of Process for Managing the San Bernardino Basin Area 
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Governance 

The Western Judgment identifies regional representative agencies to be 
responsible, on behalf of the numerous parties bound thereby, for implementing 
the replenishment obligations and other requirements of the judgment.  The 
representative entities for the Western Judgment are Valley District and Western.  
Valley District is solely responsible for providing replenishment of the SBBA if 
extractions exceed the safe yield of the basin.  The court-appointed Watermaster 
includes representatives from Valley District and Western.  The proposed basin 
management process could be under the authority of the Valley District and 
Western Boards of Directors with inputs from other significant producers.  (See 
Figure 4-12.) 

Basin Technical Advisory Committee  

The annual basin management plan for any given year will be formulated by a 
Basin Technical Advisory Committee (BTAC) and forwarded onto the Valley 
District and Western Boards of Directors for review and approval.  The BTAC 
will be comprised of staff representatives from plaintiffs and non-plaintiffs of the 
Western Judgment, as listed below: 

 BTAC Membership 

i) Western  

ii) City of Riverside 

iii) Valley District 

iv) Bear Valley Mutual Water Company (Bear Valley Mutual) 

v) East Valley Water District (East Valley) 

vi) City of Loma Linda  

vii) City of Redlands 

viii) San Bernardino Municipal Water Department 

ix) SBVWCD 

x) West Valley Water District (West Valley) 

The BTAC will meet as needed to effectively operate the SBBA on a real-time 
basis and to address technical issues related to basin management.  The BTAC 
members will cooperatively work together and will strive to make decisions by 
consensus. 
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Figure 4-12 
Process for Managing the San Bernardino Basin Area 

 

 

4-40 



Develop Integrated Regional Water Management Plan 

 

Overall Basin Management Strategy   

The BMOs formulated for the SBBA are the driving force in developing 
strategies for the basin management plan.  The BMOs are as follows: 

 Improve water supply reliability during droughts, 

 Protect water quality, 

 Reduce risk of liquefaction, and 

 Avoid impact from and to the contaminant plumes. 

To ensure adequate reliable water supply for the communities in the Upper SAR 
watershed during a prolonged drought, the overall basin management strategy 
will be to operate the basin under the “Tilted Basin Concept” such that the basin 
would begin a drought period in “as full as possible” condition.  Keeping the 
basin relatively full and operating a conjunctive management program according 
to the “Tilted Basin Concept” also provides the added flexibility to reduce 
imports from the SWP when water quality is less desirable.  This overarching 
management strategy will be followed by the BTAC as they draft the basin 
management plan.  Some of the specific management strategies that could 
contribute to improving water supply reliability during a drought are as follows: 

 Retailers could take direct deliveries of SWP water when available 
instead of producing water from their wells.  This reduces the amount of 
water withdrawn from the groundwater basin, which is equivalent to 
recharging the basin.  This strategy will require participation by the water 
agencies and may require the construction of new water treatment plants 
or upgrades to existing plants. 

 Recharge as much SWP water as possible when available.  This will 
likely result in spreading water in wet years, which has not occurred as 
much in the past.  It may also require upgrading the existing spreading 
grounds. 

 Prepare, to the extent possible, for the high groundwater condition that 
may be created by maintaining a “full basin” when a wet year arrives. 

o Implement an agreement(s) with groundwater producers within 
the Pressure Zone to maximize production from the Pressure Zone 
as much as practicable during unacceptably high groundwater 
level conditions. 
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o Construct additional facilities to pump and convey large quantities 
of water from the Pressure Zone for use outside the Pressure Zone. 

The San Bernardino Basin Area Management Plan will be developed in 
consideration of this overall management strategy and the BMOs. 

Basin Management Requirements 

The annual basin management plan for the SBBA will meet the requirements 
identified in the following legal documents: 

1. Western Judgment – April 1969 

2. Seven Oaks Accord – July 2004 

3. Settlement Agreement between SBVWCD, Valley District, and Western 
– August 2005 

4. MOU between City of Riverside, Valley District, and Western – 
September 2005 

5. Agreement between City of Riverside, Valley District, and Western – 
March 2007 

6. Institutional Controls and Settlement Agreement (ICSA) Agreement and 
its subsequent amendments 

A summary of the pertinent basin management information from each of these 
documents is provided below. 

1) Western Judgment 

a) Natural Safe Yield - established at 232,100 acre-feet per year.  The 
Plaintiffs’ (Western entities) rights are capped at 27.95 percent of the 
natural safe yield, or 64,862 acre-feet, notwithstanding any Additional 
Extraction Agreements or “new conservation,” as defined in the 
judgment.  The Non-Plaintiffs’ (Valley District entities) rights are 
unlimited provided that an equal amount of basin replenishment occurs 
to offset any amount that the Non-Plaintiff production exceeds—72.05 
percent of the natural safe yield, or 167,238 acre-feet.  An annual report, 
entitled Annual Report of the Western-San Bernardino Watermaster, 
provides an “accounting” of basin extractions.   

b) Replenishment – Valley District is responsible for replenishing the 
SBBA for that amount of Non-Plaintiff extractions exceeding 167,238 
acre-feet.  The replenishment obligation may be met by any of the 
following means: 

i) Return flow from excess extractions; 
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ii) Replenishment provided in excess of that required; 

iii) Amounts extracted without replenishment obligations (i.e., 
Additional Production Agreement); 

iv) That amount of water extracted below the natural safe yield; and 

v) Return flow from imported water. 

c) New Conservation is defined in the 1969 Judgment as “any increase in 
replenishment from natural precipitation which results from operation of 
works and facilities not now in existence.”  The judgment contemplated 
that the parties would develop facilities that would result in the capture 
of more natural runoff.  Construction of the Seven Oaks Dam within the 
SAR has provided such an opportunity, and Valley District and Western 
are seeking to obtain a water right from the SWRCB and to construct the 
facilities necessary to capture SAR water that was not historically 
captured.  The parties under the Western Judgment will have their 
adjusted extraction rights increased to include a proportionate share of 
any New Conservation, provided that each Plaintiff party pays its 
proportionate share of the costs to develop said New Conservation. 

2) Seven Oaks Accord 

a) Groundwater Spreading/Management Program (GMP) – Requires 
Valley District and Western to develop and manage a groundwater 
spreading program in cooperation with other parties, “That is intended to 
maintain groundwater levels at the specified wells at relatively constant 
levels, in spite of the inevitable fluctuations due to hydrologic variation.”  
Specific requirements of the Seven Oaks Accord are as follows:  

i) GMP shall identify target water-level ranges in the specified “index 
wells” subject to the requirement that such spreading will not worsen 
high groundwater levels in the Pressure Zone.   

ii) Thresholds of significance in terms of SAR water diverted by Valley 
District and Western and spreading by all parties should be observed 
(see sidebar).  See Appendix I of the Accord. 

iii) The determination as to whether a certain groundwater management 
action will “worsen” high groundwater levels in the Pressure Zone is 
made through the use of the integrated surface and groundwater 
models. 

iv) GMP must be “adopted” within five years of the date the SWRCB 
grants a permit to Valley District/Western.  To date, Valley District 
and Western have not received the permit. 
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v) Redlands, East Valley, and Bear Valley 
Mutual agree to limit spreading to 
conform to the annual GMP. 

3) San Bernardino Valley Water Conservation 
District Settlement Agreement 

a) Annual Groundwater Management Plan – 
Valley District and Western will consult with 
SBVWCD in the development of the GMP.   

b) An interim GMP could be developed prior to 
the completion of the model being developed 
for the San Bernardino Basin Area.   

c) GMP objectives to be achieved 
simultaneously include: 

i) Maximize the quantity of water spread in 
the SAR spreading grounds. 

ii) Establish and maintain a shallowest target 
of 50 feet depth to water within the 
Pressure Zone. 

iii) Maintain groundwater levels in the 
Forebay Area within 10 feet of the levels 
that would have occurred in the absence 
of SAR diversions by Valley District and 
Western.  Quantifying the difference 
between diversions and no diversions will 
be accomplished using the groundwater 
flow model developed for the SBBA. 

iv) Otherwise avoid significant impacts on 
the environment. 

d) Set as a goal to coordinate the San Bernardino 
Consent Decree management plan with the 
GMP.   

e) No spreading will take place without authorization by the GMP. 

4) Riverside MOU 

a) Basin Management Account – Established with funds and future 
revenues from the SBVWCD “to fund recharge efforts in the basin.” 

b) Valley District and Western are required to exercise SBVWCD water 
rights in a manner that:  
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i) Maintains groundwater levels for the benefit of the production wells 
in the geographic area historically served by the SBVWCD at 
relatively constant levels. 

ii) Maximizes the use of native water supplies to replenish the SBBA 
without causing high groundwater problems in the artesian zone and 
without causing the migration of contaminant plumes that would 
result in significant degradation of the water quality in any domestic 
well. 

c) Valley District will spread sufficient water to ensure that groundwater 
supplies necessary to support the safe yield of the SBBA are maintained 
pursuant to the Western Judgment. 

5) Riverside Agreement 

a) This agreement establishes the Seven Oaks Dam Water Diversions 
Engineering and Operations Committee (EOC) to develop and 
implement procedures to: 

i) Maintain the groundwater levels in the Index Wells at relatively 
constant levels, in spite of fluctuations due to hydrologic variation. 

ii) Minimize such fluctuations (reduce highs and lows). 

iii) Provide water “accounts” to Riverside to offset the loss of recharge 
to the SBBA and/or Riverside North due to Western/Valley District 
SAR water diversions. 

(1) “Reserve Account” is initially established as 38 percent of the 
total volume of water diverted from the SAR by Valley District 
and Western pursuant to the SWRCB water right permit.  To be 
recharged in the SBBA either directly or through an exchange. 

(2) “Replacement water” varies from 0 to 6 percent of the flow at 
the E Street Bridge.  Water to be recharged into the Riverside 
North basin. 

iv) Develop recommendations to the Western Judgment Watermaster 
regarding the classification of diverted SAR water as either New 
Conservation or existing safe yield of the SBBA. 

b) EOC will meet no later than six months after the SWRCB grants permits 
to Valley District and Western to develop the initial procedures.  
Ongoing, the EOC will meet no later than October 1 of each year.  The 
EOC shall meet on a regular basis to effectively operate, on a real-time 
basis, a program to achieve the objectives listed above.  EOC decisions 
will be implemented once approved by the EOC and will be provided to 
the BTAC for inclusion in the Annual San Bernardino Basin Area 
Management Plan.  The tasks of the EOC could be covered at the BTAC 
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meetings, realizing that most of the members of the BTAC have no 
standing in this agreement and the decisions of the EOC are not subject 
to review by BTAC or any of the BTAC members. 

c) Water levels at the index wells outside the Pressure Zone must be 
maintained at no lower than 10 feet, on average, during a repeat of the 
39-year base period.  Valley District will commence spreading to 
maintain these levels. 

d) If the 12-month rolling averages of the Backyard Well ports D4, D5, and 
D6 are 50 feet bgs or greater, Valley District and Western will recharge 
water from the Reserve Account. 

6) Consent Decree, City of San Bernardino March 23, 2005 

a) The City of San Bernardino Municipal Water Department (SBMWD) is a 
party to a consent decree lodged with the United States District Court, 
Central District of California, Western Division (Court), on August 18, 
2004.  The Consent Decree obligates the SBMWD to operate and 
maintain a system of wells and treatment plants known as the Newmark 
Groundwater Contamination Superfund Site (Newmark Site).  The 
Newmark Site specifically treats groundwater contaminated with TCE 
and perchloroethylene (PCE). 

b) The SBMWD is required by the terms of the Consent Decree, entered on 
March 23, 2005, to enact institutional controls and implement an 
ordinance providing for the protection and management of the Interim 
Remedy set forth in the Record of Decisions and Explanation of 
Significant Differences prepared by the Environmental Protection 
Agency (EPA).   

7) City of San Bernardino Ordinance No.  MC-1221 and Institutional 
Controls Settlement Agreement (ICSA) 

a) Ordinance No.  MC-1221 – This ordinance establishes the management 
zone boundaries within the City of San Bernardino for water spreading 
and water extraction activities. 

i) The Consent Decree requires that the City of San Bernardino adopt 
and enforce an ordinance to ensure that activities occurring in the 
management zone, including, but not limited to, development, 
digging, drilling, boring or reconstruction of wells, extraction of 
groundwater from wells, and spreading of recharge water, do not 
interfere or cause pass-through of contaminants from the Newmark 
and Muscoy Operable Units.  The ordinance was approved on March 
20, 2006, by the Mayor and City Council. 

ii) The Interim Remedy requires the extraction of contaminated 
groundwater from the Bunker Hill Groundwater Basin and within the 
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Newmark and Muscoy Operable Units, and treatment of the 
groundwater to meet all State of California (State) and federal 
permits and requirements for drinking water. 

iii) Unless a permit issued by the SBMWD pursuant to the provisions 
outlined in the ordinance is first obtained, it shall be unlawful for any 
person, as principal, agent, or employee to spread (artificial 
recharge) or extract (well pumping) within the Management Zones as 
defined in the ordinance. 

b) Institutional Controls Settlement Agreement (ICSA) 

i) An agreement (ICSA) has been executed to develop and adopt a 
successor agreement, titled Institutional Controls Groundwater  
Management Program (ICGMP), between the following parties: 

(1) City of San Bernardino Municipal Water Department 

(2) San Bernardino Valley Municipal Water District 

(3) Western Municipal Water District 

(4) City of Riverside 

(5) West Valley Water District 

(6) East Valley Water District 

(7) City of Colton 

(8) Riverside Highland Water Company 

ii) The parties identified above will not be subject to the provisions of 
City of San Bernardino Ordinance No.  MC-1221 as long as each is a 
party to the ICSA and, subsequently, the ICGMP Agreement. 

Development of Annual San Bernardino Basin Area Management Plan 

Considering the provisions of the above judgments and agreements, the 
following process is suggested for the preparation of an Annual SBBA 
Management Plan.  This process is intended to be flexible and changed as 
needed.  The main purpose in suggesting a process is to ensure that the SBBA 
Management Plan is in compliance with the provisions of the applicable 
judgment and agreements and to provide a cooperative forum among the water 
agencies to engage in developing solutions. 

As part of the first annual SBBA Management Plan, BTAC will work toward 
defining the term “conjunctive use” and draft a conjunctive use policy that may 
be used for the basin.  The policy will define issues such as (1) imported water, 
(2) imported water delivery, (3) the groundwater recharge system, (4) usable 
groundwater storage capacity, (5) “water loss factor,” (6) expiration date for the 
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imported water, (7) groundwater recovery rights, (8) groundwater extraction 
capacity, and (9) recovered water delivery. 

A. Prepare Annual SBBA Management Plan.  The plan will be prepared 
considering the following: 

a. Review the Watermaster data: 

i. Recharge 

ii. Extractions 

iii. Credits 

The BTAC may have to rely on preliminary production information compiled by 
the Watermaster because the Watermaster reports typically lag the calendar year. 

b. Analyze nitrogen and TDS effects from imported water.  Prepare 
conjunctive use operation criteria to ensure the use of SWP water for 
recharge will not cause water quality degradation in Bunker Hill 
Basin. 

c. Quantify “new conservation.” 

i. Develop recommendations to the Western Judgment 
Watermaster regarding the classification of diverted SAR 
water as either New Conservation or existing safe yield of the 
SBBA. 

d. Check Valley District/Western/Riverside SAR diversions from the 
previous year. 

e. Check Seven Oaks Dam operations data. 

i. Debris pool. 

ii. Current elevation. 

f. Check water levels. 

i. Check water levels in the Pressure Zone (establish and 
maintain 50 feet to water level in the Pressure Zone). 

ii. Check water levels outside the Pressure Zone.  Ensure water 
levels at the index wells outside the Pressure Zone are 
maintained at no lower than 10 feet, on average, during a 
repeat of the 39-year base period. 

g. Review the amount of “replacement” water agreed to by the EOC to 
be “deposited” into the Riverside “accounts” based upon the Valley 
District/Western/Riverside diversions from the previous year. 
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i. SBBA Reserve Account:  38 percent of the total volume of 
water diverted from the SAR by Valley District and Western 
pursuant to a SWRCB permit or license.  To be recharged in 
the SBBA either directly or through an exchange. 

ii. Replacement water volume calculation:  Replacement water is 
the lost recharge opportunities in Riverside North Basin due to 
diversion of New Conservation water from SAR.  This 
replacement water is estimated to vary, depending on SAR 
hydrology, from 0 to 6 percent of the flow at the E Street 
Bridge.  Replacement water to be recharged into the Riverside 
North Basin. 

h. Determine whether water will be spread from the SBBA Reserve 
Account in the coming year. 

i. Calculate the 12-month rolling averages of the Backyard Well 
ports D4, D5, and D6.  If it is 50 feet bgs or deeper, Valley 
District/Western will recharge water from the Riverside 
Reserve Account in the coming year.   

i. Review constraints of various agreements on Valley 
District/Western/Riverside diversions.  If SAR diversions were made 
in the previous year, check the following: 

i. Maintain groundwater levels in the forebay area (use wells 
from Seven Oaks Accord and Riverside Agreement, “Index 
Wells”) within 10 feet of the levels that would have occurred 
in the absence of SAR diversions by Valley District/Western. 

ii. Maintain groundwater levels in the Seven Oaks Accord, Valley 
District, and Riverside Agreement wells at relatively constant 
levels, in spite of the inevitable fluctuations due to hydrologic 
variation. 

1. Identify target water level ranges for the Seven Oaks 
Accord index wells subject to the requirement that such 
spreading will not worsen high groundwater levels in the 
Pressure Zone. 

2. Review Seven Oaks Accord thresholds of significance. 

3. Maintain water levels in the Riverside Agreement wells 
outside the Pressure Zone at no lower than 10 feet, on 
average, during a repeat of the 39-year base period. 

4. Minimize fluctuations (highs and lows). 
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j. Review spreading amounts and locations chosen by the EOC and 
choose other spreading amounts and locations based upon the 
following: 

i. Maximize the quantity of water spread in the SAR spreading 
grounds. 

ii. Water spread for conjunctive use projects, if any. 

1. Water banking. 

2. Exchange. 

3. Establish “accounts” in the basin. 

a. Expiration? 

b. Define assumed losses due to evaporation and 
evapotranspiration. 

iii. Riverside Reserve Account (see 2 and 3 above). 

k. Choose special demand management measures (if any). 

i. Extra pumping to dewater a particular area. 

ii. Extra pumping to dewater due to a wet year. 

iii. Suggest conservation measures. 

l. Check compliance with the Regional Water Quality 
Control Board (RWQCB) Agreement 

B. Model:  The groundwater models for the SBBA can be used to model 
the proposed SBBA Management Plan developed above to ensure that all 
of the constraints are met. 

a. Maintain 50 feet to water level in the Pressure Zone. 

b. Check target water level ranges in the Seven Oaks Accord index 
wells. 

c. Check water level requirements from Riverside Agreement. 

d. Check water level requirements from SBVWCD Agreement. 

e. Determine any impacts on the environment. 

f. Prepare groundwater flow map to determine any impacts on the 
Consent Decree. 

g. Determine any impacts on any other contamination cleanup projects. 
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h. Determine if there are any subsidence impacts. 

i. Adjust SBBA Management Plan, as necessary, in an attempt to 
remove any impacts and re-run model.  Continue this trial-and-error 
process until all of the constraints are met. 

C. Prepare triennial water quality report. 

D. Adopt Annual SBBA Management Plan.  The Annual SBBA 
Management Plan must be adopted by the Board of Directors of the 
Valley District and Western. 

E. Monitor plan throughout the year.  The operation of the SBBA will be 
monitored and groundwater level and quality data will be collected and 
reviewed throughout the year to ensure basin behavior is consistent with 
the SBBA Management Plan desired outcome(s).  If unexpected impact 
is observed, the conjunctive use operation will be modified to ensure the 
impact is mitigated. 

F. Review implementation of the Annual SBBA Management Plan at the 
end of the year.  Compare the anticipated water levels with actual field 
observations.  This would provide valuable information for developing 
an adaptive management plan for development of the basin management 
plan for the following year.   

G. Adapt the process, as necessary, to maintain its effectiveness. 
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Suggested Calendar for Preparation and Implementation of the Annual 
Basin Management Plan (water year) 
MONTH ACTION ITEM(S) 

OCT 1) Collect water levels from the Forebay Area, the Seven Oaks 
Accord wells, and the Riverside Agreement wells. 
2) BTAC MEETING 
o Develop recommendation regarding the classification of 
diverted SAR water as either New Conservation or existing safe yield 
of the SBBA. 
o Review Watermaster data. 
o Check water levels in the Pressure Zone. 
o Calculate Riverside Reserve Account. 
o Determine whether water will be spread from Reserve Account 
in the coming year. 
o Check groundwater levels in the Forebay Area. 
o Check water levels in the Seven Oaks Accord wells. 
o Check water levels in the Riverside Agreement wells. 
o Review Valley District Change in Storage Calculation. 
o Review SBVWCD Change in Storage Calculation. 
o Review hydrologic index (SBVWCD Engineering 
Investigation). 
o Choose spreading amounts and locations. 
o Choose demand management measures. 
o Model spreading amounts for the year. 

NOV 1) Collect water levels from the Forebay Area, the Seven Oaks 
Accord wells, and the Riverside Agreement wells. 
2) BTAC MEETING 
o Finalize/Implement Groundwater Management Plan. 
o Present to Valley District and Western Boards of Directors. 

DEC Collect water levels from the Forebay Area, the Seven Oaks Accord 
wells, and the Riverside Agreement wells. 

JAN Collect water levels from the Forebay Area, the Seven Oaks Accord 
wells, and the Riverside Agreement wells. 

FEB Collect water levels from the Forebay Area, the Seven Oaks Accord 
wells, and the Riverside Agreement wells. 

MAR 1) Collect water levels from the Forebay Area, the Seven Oaks 
Accord wells, and the Riverside Agreement wells. 
2) BTAC MEETING 
o Review water levels and plan. 
o Review Valley District Change in Storage Calculation. 

APRIL-
SEPT. 

Collect water levels from the Forebay Area, the Seven Oaks Accord 
wells, and the Riverside Agreement wells. 
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4.2.1.3.6 The Potential Impact of the Agreement on Cooperating Agencies’ Ability 
to Beneficially Use SWP Water for Groundwater Recharge 

Background 

The Santa Ana Regional Water Quality Control Board (SARWQCB) is charged 
by statute with adopting water quality objectives as may be required to protect 
the beneficial uses of water within the region.  In particular, the long-term 
conjunctive use of groundwater requires that the quality of water in groundwater 
basins be managed to meet the water quality objectives for nitrogen and total 
dissolved solids (TDS) [collectively, the “Salinity Objectives” adopted by the 
SARWQCB in the 1995 Water Quality Control Plan for the Santa Ana River 
Basin as amended in 2004 by R8 2004-0001 (Basin Plan)]. 

In June 2007, water entities in the Upper SAR watershed (cooperating agencies) 
and the SARWQCB entered into the Cooperative Agreement to “Protect Water 
Quality and Encourage the Conjunctive Uses of Imported Water in the Santa Ana 
River Basins.”  This Agreement is intended to allow the water entities to monitor 
and improve water quality within the Santa Ana region in a manner that is 
consistent with both adopted water quality objectives and the needs of the 
inhabitants of the region for a reliable supply of water.  Specifically, the 
Agreement addresses the use of imported water for groundwater recharge and 
compliance with Basin Plan Salinity Objectives for individual groundwater 
management zones.   

Implementation of the Agreement could prevent the groundwater recharge of 
SWP water in some groundwater basins when TDS of imported water is too high.  
The purpose of this section is to evaluate the potential impact of this draft 
Agreement on cooperating agencies’ ability to beneficially use SWP water for 
groundwater recharge.  The analysis below qualitatively estimates potential 
impacts.  Actual conjunctive use operations and potential impact of the 
Agreement will be based on annual monitoring and preparation of the Triennial 
Water Quality Report as required by the Agreement. 

Potential Impact  

To estimate the potential impact of the Agreement on use of SWP for recharge, 
TDS and nitrate of SWP water is compared with the TDS and nitrate of the 
groundwater management zones.  Figures 4-13 through 4-16 compare Basin Plan 
Salinity Objectives to SWP annual TDS levels.  For this analysis, it is assumed 
that SWP water can be utilized for recharging groundwater basins when the level 
of TDS or nitrate nitrogen of SWP water is equal to or less than the ambient level 
of a specific groundwater management zone.  In other words, this analysis 
enables us to understand when and to what extent SWP water can be used for 
groundwater recharge without treatment in any of the six groundwater 
management zones with the limited available data. 
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Figure 4-13 
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Figure 4-14 
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Figure 4-15 
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Figure 4-16 
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The Basin Plan delineates six groundwater management zones in the San 
Bernardino Valley and Yucaipa/Beaumont Plains:  Bunker Hill – A, Bunker Hill 
– B, Lytle, San Timoteo, Yucaipa, and Beaumont.  For each groundwater 
management zone, TDS and nitrogen nitrate Water Quality Objectives, ambient 
water quality, and estimated assimilative capacities are defined.  [Basin Plan 
(Tables 5-3 and 5-4)].    

Untreated SWP East Branch water quality data (TDS and nitrogen nitrate) are 
available from 1975 through 2005.  The data are collected by Metropolitan at the 
Devil Canyon Afterbay Turnout.  Ambient TDS and nitrogen nitrate data are 
available for the six groundwater management zones. 

A review of historic yearly and monthly SWP water quality information indicates 
that the level of nitrogen-nitrate found in SWP water does not limit or otherwise 
control the ability to use SWP water to recharge any of the six groundwater 
management zones since the highest recorded nitrogen level found in SWP water 
is less than the lowest ambient level found in all six groundwater management 
zones.  The Beaumont Groundwater Management Zone has the lowest measured 
ambient nitrogen nitrate level at 2.6 mg/L.  This is substantially higher than the 
highest recorded nitrogen nitrate level of 0.7mg/L measured in SWP water. 

Although nitrogen nitrate is not expected to impact the ability to use SWP water, 
the level of TDS in SWP water could limit the use of the water for groundwater 
recharge. 

Figures 4-13 through 4-16 compare yearly SWP water TDS levels (for the period 
1975 through October 2006) with 2004 ambient basin conditions.  The analysis 
of yearly data reveals that during some dry-year and multiple dry-year periods, 
all basins, to varying degrees, would exceed the TDS limits set by the RWQCB.  
Likewise, the analysis of monthly data reveals that all basins, to varying degrees, 
could exceed the TDS limits during summer and fall months.  The two basins 
that could exceed the limits the most are the Bunker Hill Basin – B and Lytle 
Basin.  Bunker Hill Basin - A would exceed the TDS limits only in limited 
conditions such as a period similar to 1990 to 1992. 

4.2.1.3.7 Findings and Recommendations 

Findings 

Review of Figures 4-13 through 4-16 indicates the following: 

 The basins exceed the TDS limits during dry, or drought, periods.  
During the 1975 to 2004 period, SWP water TDS exceeded the ambient 
TDS in 1977 and during the 1987 to 1992 drought period or about 23 
percent of the study period.  These are the dry years when SWP 
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deliveries typically are substantially cut.  Computer modeling indicates 
that the SWP can deliver only four percent of its Table A amount in a 
drought year such as 1977.  In a drought period such as 1987 to 1992, the 
SWP reliability is about 46 percent.  Assuming that the limited amount 
of SWP water available during drought periods could be used by direct 
delivery, there may be little impact to groundwater recharge operations. 

 During the late summer and fall months of some years, TDS of the SWP 
water may exceed the TDS limits.   

Recommendations 

1. Since, historically, the TDS of SWP water rarely exceeds the TDS limits, 
the region may want to consider suggesting that the RWQCB allow the 
region to maintain a “salt account” for the basins.  When the TDS of 
SWP water is lower than the limit, a credit would be given.  When the 
TDS of SWP water is higher than the limit, a debit would be taken.  As 
long as the balance of the account is greater than, or equal to, zero, no 
mitigation would be required.  If the account were to fall below zero, the 
region would have to implement some sort of mitigation measures to get 
the account back to a positive balance. 

2. The SWP contractors in the region could attempt to use the SWP water 
for recharge in the winter, spring, and early summer months when the 
TDS is its lowest and try to maximize direct deliveries in late summer 
and fall when TDS is the highest. 

The above recommendation strategies will considerably limit the impacts of 
implementation of the cooperative agreement on conjunctive use and 
groundwater recharge in the region.  The above strategies will be implemented 
and their effectiveness will be examined periodically.  There may be times in the 
future that SWP supplies must be used for groundwater recharge with the 
likelihood of significant degradation from TDS, and there may also be impacts to 
wastewater treatment plants.  In such cases, other strategies such as desalting 
plants should be evaluated. 

4.2.1.3.8 Facilities Needed for Dewatering the Pressure Zone 

This evaluation was conducted to determine if additional pumping and 
conveyance facilities are needed to dewater the SBBA Pressure Zone in extreme 
wet years to avoid risk of liquefaction in the area.  Liquefaction typically occurs 
in recent (Holocene to late Pleistocene) deposits of silt, sand, and gravel.  Most 
liquefaction occurs where the depth to groundwater is less than 50 feet; this depth 
is traditionally considered adequate for most investigations of liquefaction 
potential (Martin and Lew 1999).  For purposes of this investigation, areas with 
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depth to groundwater of less than 50 feet in the Pressure Zone were evaluated.  
Groundwater model runs were conducted for this evaluation.   

Areas where depth to groundwater was less than or equal to 50 feet below the 
land surface were delineated using the groundwater model results from Baseline 
Run 1.  Annual potential liquefaction area as a percentage of the Pressure Zone 
area ranges from zero in a dry year (hydrologic year 1992) to 6.0 percent in a wet 
year (hydrologic year 1986), with an annual average of 2.3 percent.  The area 
with potential for liquefaction in a wet year such as 1986 (year with the greatest 
potential liquefaction area) was mapped.  This area is located in the eastern 
portion of the Pressure Zone near the Santa Ana River and City Creek areas, and 
is away from the City of San Bernardino.  Therefore, potential liquefaction, even 
in the extreme wet years, is considered minimal. 

During the model simulation period from 2006 through 2044, groundwater 
pumping from the Pressure Zone area was assumed to be 117,434 acre-feet in 
year 2010 to 149,717 acre-feet in 2044, with an annual average of 133,959 acre-
feet per year.  The greatest historical pumping from the Pressure Zone was 
141,892 acre-feet in year 2000.  A review of existing operational production 
wells and apparatus in the Pressure Zone indicates that the sum of the 
instantaneous pumping rate in the Pressure Zone is 180,526 gallons per minute 
(gpm).  Assuming these wells can pump 70 percent of their instantaneous 
pumping rates, they would yield 184,000 acre-feet per year.  This amount is 
significantly higher than the historic pumping and the pumping assumed for 
Baseline Run 1.  Therefore, it can be concluded that there are enough existing 
wells and apparatus in the Pressure Zone to control the water levels given the 
conditions assumed for Baseline Run 1. 
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4.2.1.4 Surface Water Management Strategies and Projects 
Improving surface water management will significantly contribute to the 
sustainability of water resources in the region.  Management of surface water 
resources includes strategies such as use of SAR conservation water, use of water 
from the local streams, and flood and stormwater management.  Integration of 
flood and stormwater management strategies with recharge and conjunctive use 
opportunities contributes to surface water and groundwater management as well 
as water supply reliability in the region as discussed below. 

4.2.1.4.1 Local Surface Water Management 

This strategy outlines the use of local surface water from the SAR and tributaries 
such as Mill Creek.  Completion of the Seven Oaks Dam on the SAR provided 
the opportunity for Valley District and Western to jointly file two applications 
with the SWRCB to appropriate water from the SAR.  The applications seek the 
right to divert up to 200,000 acre-feet per year of local water to help improve the 
water supply reliability of the region.  In support of water right applications and 
associated facilities, Valley District and Western have prepared and completed an 
environmental documentation for the project.  Seven Oaks Dam is a flood control 
structure with limited carryover storage.  Because the SAR hydrology is highly 
variable, the available water will vary in any year from zero to 200,000 acre-feet.  
Therefore, efficient use of SAR water will require conjunctive management and 
groundwater banking in the region.  Other possible uses of the SAR water 
include direct delivery and exchange with outside agencies.  The use of seasonal 
storage at the Seven Oaks Dam will not affect flood protection provided by the 
facilities to downstream communities. 

Valley District, Western, and City of Riverside financed the costs of feasibility 
studies, design, and construction of improvements to the Seven Oaks Dam to 
allow conservation storage.  Implementation of conservation storage projects, 
which include modification of the intake structure and relocation of the access 
road, would require compliance with the National Environmental Policy Act in 
order to evaluate any potential impact of proposed conservation pool on the 
USFS lands. 

To implement this strategy, existing facilities would be used, to the extent 
possible, to divert and convey newly appropriated water from the SAR.  
However, additional facilities are needed to connect existing facilities to 
diversion facilities and recharge areas so that supplemental water supplies can 
efficiently be used in the region.  New project-related facilities will be 
constructed in four construction areas, as described below. 

The SAR.  Water diverted from the SAR should be conveyed to areas of use.  
Additional facilities will be needed to connect diversion points to the existing 
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facilities.  Most of the water diverted from the SAR would be conveyed through 
the proposed Plunge Pool Pipeline, Low Flow Connector Pipeline, or the Morton 
Canyon Connector II Pipeline.  The Plunge Pool Pipeline will connect the SAR 
to Valley District’s Foothill Pipeline and then to the Metropolitan’s Inland 
Feeder Pipeline in the next phases of the project.   

The Devil Canyon.  The SAR water conveyed by Valley District’s Foothill 
Pipeline will enter the Devil Canyon Bypass Pipeline.  This pipeline will connect 
to both the Lytle Pipeline and the California Aqueduct. 

The Lytle Creek.  The SAR water conveyed through the Lytle Pipeline will 
reach Lytle Creek basins.  The water could also be conveyed to West Valley and 
FWC water treatment facilities, as well as to the Cactus Spreading and Flood 
Control Basins through the Cactus Basin Pipeline. 

The Seven Oaks Dam and Reservoir.  The specific facilities in this area include 
modification of the intake structure of the Seven Oaks Dam and relocation of the 
access road serving the intake structure.  Modification of the intake structure is 
needed to allow for proper regulation of the flood flows.  A Technical Feasibility 
Study for these facilities is underway.  It appears that the above modifications 
can marginally increase the yield of the SAR.  The feasibility study is intended to 
show the benefit-cost ratio of these facilities. 

The facilities listed above will make possible conveyance of water from the 
Seven Oaks Dam to groundwater spreading grounds and the water treatment 
facilities in the region.  Figure 4-17 shows the location of the construction areas 
and the proposed facilities for the use of native water in the region.  Detailed 
descriptions of the facilities can be found in Appendix E. 
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Figure 4-17 
Proposed Facilities for the Use of Santa Ana River Water 
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4.2.1.4.2 Flood and Stormwater Management Strategies 

Historically, the SAR Wash was a natural floodplain and 
alluvial fan that provided a place to convey frequent 
devastating flood waters and to deposit sediment.  The 
alluvial deposit provided excellent conditions for establishing 
settling basins for percolating surface water to the 
groundwater basin, providing a significant source of water 
supply for the Upper SAR watershed.  Substantial new 
commercial and residential development has occurred in the 
region and significant additional development is forecasted 
for the Upper SAR watershed.  In anticipation of this 
development and the potential loss of open space and increase 
in impervious surfaces such as roads and buildings that 
accompany such development, it is critical to explore 
strategies to improve flood protection and manage 
stormwater.  Flood and stormwater management strategies are 
designed to: 

 Reduce peak flood flow in the streams, 

 Improve groundwater recharge within the channel, 

It is critical to explore strategies to improve 
flood protection and manage stormwater.  
(Photos courtesy of the San Bernardino 
County Museum.)

 Provide additional recharge through improvement 
of the detention basins, and 

 Increase channel capacities of stormwater 
management facilities to safely convey stormwater. 

The stormwater strategies can reduce flood damage, increase groundwater 
recharge and water supply, and improve water quality of the streams by reducing 
discharge of debris, sediment, and urban pollutants to the streams.  The San 
Bernardino County Flood Control District (SBCFCD) operates and maintains a 
system of channels and detention basins to manage stormwater throughout the 
region.  SBCFCD’s objective is to provide 100-year flood protection for the 
communities in the region.  Significant improvements to the regional facilities 
are needed to ensure the flood control system can provide 100-year protection 
today and in the future as additional development occurs in the area. 

Two types of strategies have been formulated to address the flood and 
stormwater management issues of the Upper SAR watershed. 

Strategies to Reduce Flood Flows in the SAR and Tributaries 

Construction of the Seven Oaks Dam contributes significantly to management 
and control of flood flows in the SAR.  Additional facilities are planned for 
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diversion and conveyance of the flows to spreading grounds.  Construction of 
these facilities and improvement of the spreading grounds to accept additional 
flood flows are considered the next step for reducing flood flows downstream.  
The facilities required to implement this strategy are described in Section 
4.2.1.5.1. 

Strategies for Management of Stormwater  

Stormwater management strategies consist of programs to improve and expand 
the detention basins and improve the flood control channels. 

SBCFCD plans and designs the improvements needed for flood detention 
facilities.  These improvements include excavation and removal of the sediment 
from the existing basins, expansion of the existing basins, and design and 
construction of new retention basins.  The objective is to increase the holding 
capacity of the basins in order to increase recharge and reduce peak flood flows 
downstream.  Projects to achieve this objective include Randall Basin Project; 
Cactus Basins 3, 4, and 5; and Cable Creek Debris Basin. 

SBCFCD plans to improve flood control channels to increase channel capacity, 
increase opportunities for recharge, and maintain the integrity of the system.  
These improvements include channel enlargement, channel works, and channel 
lining.  Projects formulated under this strategy include Sand/Warm Confluence 
and Upper Warm Channel.  Other channel improvement projects are planned in 
the Upper SAR watershed area, but they do not have the multiple benefits 
expected from the Sand/Warm Confluence and Upper Warm Creek project since 
they would be concrete-lined conveyance systems.   

SBCFCD is also developing plans to certify and potentially improve flood 
control levees in order to maintain the integrity of the system.  These 
improvements include hard lining, rebuilding, lengthening, and repairing levee 
facilities.  Projects are currently being formulated in conjunction with the Federal 
Emergency Management Agency (FEMA) certification effort. 

A detailed description of the stormwater management projects is presented in 
Appendix E. 
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4.2.1.5 Imported Supplies 

State Water Project water is treated and distributed to 
some urban areas in the Upper Santa Ana Region. 

Imported supplies to the region include the 
SWP supply.  Imported water is delivered 
directly or through Metropolitan.  Western 
receives SWP supplies through Metropolitan.  
San Gorgonio Pass Water Agency (SGPWA) 
has a “Table A” allotment of 17,300 acre-
feet, and Valley District has a SWP “Table 
A” allotment of 102,600 acre-feet per year.  
Reliability of the SWP supplies varies 
considerably from about 5 percent to 100 
percent depending on the water-year type.  
To evaluate the SWP water supply reliability, 
the SWP Delivery Reliability Report (Public 

Review Draft, November 15, 2005) was 
reviewed.  The report presents the results of 
five operational studies that simulate the SWP 
operations under 2003 and 2025 water demand 

scenarios.  For the purpose of this water supply reliability discussion, the updated 
study with 2025 level of demand is used (Study 5).  These studies were 
conducted specifically to document the SWP delivery reliability.  SWP water 
supply available to Valley District for direct delivery and recharge for each year 
was calculated based on reliability values presented in Study 5.  On average, 
SWP water supply reliability is presented as 77 percent of the Table A allotment 
to as low as 4 percent.  However, SWP delivery may vary from full Table A 
allotment.  For example, the Valley District Table A delivery capability may vary 
from 102,600 acre-feet in wet years to 5,100 acre-feet in dry years, such as 1997.   

As mentioned earlier, to improve water supply reliability, Valley District is 
planning for conjunctive management of groundwater as well as banking of SWP 
supplies when available.  Strategies for the use of Valley District’s SWP supplies 
include direct delivery of SWP water to water treatment facilities and use of 
water for groundwater recharge. 

A key to improving long-term water supply reliability is for all SWP contractors 
in the region to fully utilize their SWP supplies when available and store or bank 
to build reserves for drought periods.  Facilities required for the use of SWP 
water include additional conveyance to water treatment facilities in the region.   

As a component of the water supply reliability study, Valley District is also 
conducting sensitivity analyses for SWP and local surface water supply 
reliability.  The analyses include: 
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 SWP reliability of 60 percent and 50 percent of Table A allotment 
(instead of 77 percent). 

 SAR flows of 90 percent of long-term average flows. 

Modeling studies were conducted to document the potential impacts of reduced 
SWP and local supply reliability on groundwater levels.  The purpose of the 
sensitivity analyses was to provide general information to water managers as to 
the potential impacts of hydrologic (climate change) and 
operational changes in water supply facilities on the 
region’s water supply reliability. 

4.2.1.5.1 Conveyance, Storage, and Emergency Interties 

Conveyance, storage, and interties are essential elements 
of water supply reliability.  Conveyance strategies are 
needed to convey the water supply to the place of use.  
Storage feasibilities provide operational flexibility for 
daily and seasonal operation of the water system.  Interties 

are essential to providing for system redundancy and 
emergency operations.  The elements of conveyance, 
storage, and intertie strategies include the following: 

Major regional conveyance facilities 
connect purveyors’ water supply systems. 

 Regional conveyance facilities are major pipelines, pump stations and 
turnouts, and associated facilities critical to water supply reliability of 
water purveyors in the region.  A number of additional conveyance 
facilities are planned for the region, including Central Feeder Pipeline 
Phase 2, City Creek Crossing, Riverside Corona 
Feeder, associated pumping stations, and 
Waterman Pump Station. 

 Interties are planned to improve supply 
reliability through integration of water supply 
and distribution systems and to have 
conveyance redundancy for water supply during 
major catastrophic failure of a conveyance 
system.  Planned interties include Raub 
Emergency Supply Intertie and Waterman-
Gage Intertie. 

Storage facilities are planned for seasonal and 
operational storage and system flexibility and 
to provide water during emergencies and 
major disasters.  Planned storage projects include: 

Storage reservoirs regulate water production 
and distribution while providing emergency 
storage for the communities. 
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o San Bernardino Reservoir 

o Citrus Reservoir (Mentone Reservoir) 

o Sunrise Ranch Emergency Reservoir 

o Zanja Emergency Storage 

o Redlands Reservoir 
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4.2.1.6 Performance Evaluation of Water Supply Reliability Strategies 

This section evaluates the performance of the water supply reliability strategies 
(when implemented) in improving the region’s water supply reliability.  In 
evaluating performance of the water supply reliability strategies, criteria 
established for development of the UWMP have been considered.  These criteria, 
listed below, are intended to be used to examine the performance of water supply 
reliability strategies and to ensure water supply needs of the region are met:. 

 Meeting average water year for the next 25 years, 

 Meeting water needs during a single-year drought, 

 Meeting water needs during a multi-year drought, 

 Water shortage (up to 50 percent loss) contingency plan, and 

 Catastrophic interruption in water supplies. 

In addition to the above criteria, meeting peak demand water needs of the local 
purveyors within the Valley District service area may also be evaluated.  Valley 
District initiated a study to review and evaluate how the above requirements can be 
met within the region.  Below is a summary discussion to demonstrate how the 
region will meet its water needs as characterized above during the next 25 yearss. 

As stated earlier, SAR flows are highly variable.  Figure 4-18 shows the annual 
flows of the river from 1962 through 2000 and its range from over 200,000 acre-
feet per year in 1980 to less than 15,000 acre-feet per year in 1992.  The Seven 
Oaks Dam is operated as a flood control facility.  Therefore, timely capture and 
use of SAR flows for recharge of the groundwater basin would provide 
significant water supply reliability benefits.   

Chapter 3 presents the water budget for the region through 2030.  The water 
budget assumed that SAR and SWP water will be used conjunctively with 
existing supplies used by the purveyors.  Modeling studies were conducted for 
the water budget (base scenario) to examine how the water demand can be met 
using the SBBA as a reservoir to store, bank, and regulate the water resources of 
the region.  The results of the modeling indicate the following: 
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Figure 4-18 
Santa Ana River Annual Flow and SWP Availability 

Santa Ana River Annual Flow and SWP Availability
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 Average Year:  Modeling studies assumed that the SAR conservation 
water will be available to the region (Water Right Applications will be 
approved by the SWRCB), and SWP water supply reliability is as 
defined by DWR studies.  Under the baseline conjunctive use operation 
scenario and water demand through 2030, the groundwater storage at the 
beginning and end of the 39-year study period was 200,000 acre-feet 
below the full basin (for this discussion, full basin is defined as storage at 
the 1993 level).  This means on average the existing water supply is 
adequate to meet the demand in the region during the next 20 years, 
assuming published SWP reliability of 77 percent and that there will not 
be any long-term depletion of storage in the SBBA.  This study was 
conducted for the Valley District service area and does not include the 
SGPWA service area, which will have a shortage in 2030. 

 Multi-Year Drought Period:  The modeling studies mimic the 1962 to 
2000 period.  The period of 1987 to 1992 is the driest recorded period for 
the SAR.  During this period, maximum draw down of the SBBA 
occurred at approximately 600,000 acre-feet (see Figure 4-19).  
However, the storage in the basin recovered after the drought period (by 
2000).  The storage reduction during the multi-year drought period is 
approximately 10 percent of total groundwater storage. 

 Single-Year Drought:  The driest year of the period was 1992, which 
coincides with the last year of the multi-year drought period.  The 
cumulative storage change in 1992 was about 600,000 acre-feet.  
Considering that SBBA storage is over 5 million acre-feet and the water 
levels recovered by the year 2000, the region can meet its water demand 
during the single-year drought as well as the multi-year drought period. 

It should be mentioned that the modeling studies assumed that the newly 
conserved SAR water will be available for use and banking in the region (water 
rights applications are approved by the SWRCB).  In order to take advantage of 
new SAR water, the facilities listed in Section 4.2.1.4.1 should be prioritized and 
implemented based on cost-effectiveness.  This plan also assumes the current 
water quality problems at Seven Oaks Dam will be resolved by United States 
Army Corps of Engineers (USACE). 
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Figure 4-19 
Cumulative Annual Changes in Groundwater Storage 
for Baseline Conjunctive Use Scenario 

 

 

4.2.1.6.1 Water Shortage Contingency Plan 

The water shortage contingency plan provides a framework for implementing 
specific measures to deal with water shortages during emergencies.  A water 
shortage contingency plan has been drafted for the region and should be adopted 
and implemented during severe water shortages.  The plan provides specific 
actions that should be taken to ensure critical water needs of the region are met 
during a period in which water supplies are cut by 50 percent.  A copy of the plan 
is presented in Appendix F. 

4.2.1.6.2 Meeting Daily Peak Demands of Water Purveyors 

This section examines the Valley District’s ability to deliver water to meet the 
purveyors’ service area peak day demand on SWP supplies.  The purpose of this 
evaluation is to determine the adequacy of the conveyance capacity of Valley 
District’s facilities to make direct deliveries of SWP water during peak demand, 
today and in the future.   
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Valley District direct deliveries are to surface water treatment plants that were 
generally built to treat local surface water and for artificial recharge.  The District 
deliveries are required when local surface water supplies are insufficient.       

The peak day water demands for the following purveyors are examined by 
review of their UWMP: 

 City of San Bernardino 

 City of Redlands 

 City of Rialto 

 East Valley Water District 

 West Valley Water District 

 Yucaipa Valley Water District 

 Fontana Water Company 

Purveyors may have multiple sources of water to meet their peak demands.  
Groundwater supplies are generally used by the purveyors in the region to 
augment other sources of water.  After discussion with agencies’ staff and review 
of their UWMP data, Table 4-5 was prepared to show the future peak day 
demand on SWP supplies and the use of Valley District facilities.   

In general, it is assumed for this analysis that there are no local surface water 
supplies available to meet peak demands.  This is a conservative but reasonable 
assumption, since in some dry years local surface water may be severely limited 
on summer days; therefore, it is reasonable to examine peak day demands on the 
facilities when local surface water is not available.  It is also assumed that 
SGPWA is obtaining its full Table A amount.  Based on this cursory 
examination, all turnouts have adequate capacity for delivery of peak day 
demand on SWP water.  The following Valley District’s Pipelines, and pumping 
plants may be undersized for the future peak demands; however, the proposed 
East Branch Extension Phase II would alleviate all of these undersized facilities.  
It would provide parallel conveyance to the SARC Pipeline, Greenspot Pump 
Station, and Morton Canyon Connector I.  It includes an annex to the Crafton 
Hills Pump Station that would contain three new 25 cfs pumps. 

 If it is assumed that all Purveyors peak day demands coincide, the SARC 
Pipeline has a total future peak day demand of 144 cfs.  Delivery to 
spreading grounds for the City of San Bernardino is 15 cfs, which can be 
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interrupted and rescheduled for when peak day demands on the pipeline 
do not exceed its capacity.  SARC has a capacity of 72 cfs 

 The Greenspot Pump Station has a future peak day demand of 100 cfs 
under these assumptions.  It has a current capacity of 80 cfs. 

 The Morton Canyon Connector has a future peak day demand of 100 cfs 
under these assumptions.  It has a current capacity of 70 cfs. 

 The Greenspot Pipeline has a future peak day demand of 100 cfs under 
these assumptions.  It has a current capacity of 70 cfs. 

 The Crafton Hills Pump Station has a future peak day demand of 77 cfs.  
It has a current capacity of 135 cfs.   

A more detailed discussion of meeting peak day water demands of the purveyors 
is presented in Appendix F. 
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Table 4-5  
Future Peak Day SWP Demand for SBVMWD 

  Peak Day SWP Demand(cubic-feet per second) 

  SWP East Branch Extension  

Delivery Point (Turnout) Turnout 
Capacity 

Foothill 
Pipeline 

SARC 
Pipeline 

Greenspot
Pump 

Station 

Morton 
Canyon 

Connector  
Greenspot 

Pipeline 
Crafton 
Hills PS 

Crafton 
Hills 

Reservoir 

EBX 
Reach 1 
Pipeline 

EBX 
Reach 2 
Pipeline 

EBX 
Reach 3 
Pipeline 

Tate 
Pump 

Station 
Yucaipa 
Pipeline 

Devil Canyon - 
Azusa 

Pipeline 
City of San Bernardino (Sweetwater  (16 in) and 
Waterman (30 in) Spreading Ground Turnouts) 

35 cfs and 
135 cfs, 

respectively 
15.0             

East Valley WTP (Northfork Turnout (two 12in), City 
Creek (20in) Turnout (alternate)) 

16 cfs and 65 
cfs, 

respectively 
12.4 12.4            

Bear Valley - Northfork Irrigation (Northfork Turnout 
16 cfs 4.0 4.0            

Mentone Reservoir (SARC – Bear Valley Sandbox 
Turnout)  6.0 6.0            

City of Redlands - Hinckley WTP (SARC – Bear 
Valley Sandbox (two parallel 30 in) Turnout) 40 cfs 21.7 21.7            

Bear Valley Highline (Bear Valley Highline 
Connector and/or Bear Valley Highline – Bouillioun 
Box Turnout) 

20 cfs 4.0 4.0 4.0 4.0 4.0         

Greenspot Grove (Bear Valley #1 Turnout, _ cfs) 6 cfs 1.5 1.5 1.5 1.5 1.5         

Crafton Water Company (Crafton - Unger Turnout) 
(20 in) 25 cfs 6.0 6.0 6.0 6.0         

City of Redlands - Tate WTP (Tate Treatment Plant 
Turnout) (24 in) Tate Pump Station 32 cfs 27.9 27.9 27.9 27.9      27.9   

Yucaipa Regional Park (Yucaipa Regional Park 
Turnout) (8 in) 6 cfs 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5      

Yucaipa Non-potable system, untreated SWP 
(Yucaipa Valley Water District #1  60  25.6 25.6 25.6 25.6 25.6 25.6 25.6 25.6 25.6     

Yucaipa WTP (Yucaipa Valley Water District #1 
Turnout)  18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6     

San Gorgonio Pass Water Agency - Current  16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0    
San Gorgonio Pass Water Agency - Future  16.0     16.0 16.0 16.0 16.0 16.0    
West Valley Water District – Oliver P.  Roemer WFF 
(Lytle Creek Turnout)  32 cfs             40.9 

West Valley Water District - North Villages WFF 
(Glen Helen (30 in) 10 cfs             2.6 

Fontana Water Company (Lytle Creek Turnout, 14 
cfs) 14 cfs             18.7 

Facility Peak Day Demand:  175.2 144.2 100.1 100.1 100.1 76.7 76.7 76.7 76.2  27.7 0.0 67.5 
Facility Conveyance Capacity  288.0 72 70 70 80 135 104 104 104    110 
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4.2.1.7 Disaster Preparedness Strategies and Projects 

This section addresses vulnerability of the region’s water supply system to 
catastrophic events that may interrupt the water supply system in the Region.  
While not the only cause for catastrophic water supply interruption, the 
postulated Magnitude 8+ Earthquake certainly will be the predominant example 
in the region.  Since a large magnitude earthquake is generally considered the 
most significant event for the region, this section concentrates on earthquake 
effects as the primary water supply interruption, knowing that other events would 
be treated similarly.  Literature reviewed for this section include post-earthquake 
surveys of water system damage, earthquake planning reports included in 
purveyor’s UWMPs, and available reports prepared by the State and federal 
agencies.  Other catastrophic interruptions caused by regional power failure, 
terrorist attack, or other man-made or natural catastrophic event could cause 
similar conditions and issues to water supply systems in the region.  For purposes 
of this report, a major earthquake is defined as an earthquake on the San Andreas 
Fault (SAF) on the order of 8.0. 

The work conducted for this section is intended to be the fist step and is at the 
conceptual level.  Additional detailed work should be conducted in the future to 
further evaluate options to effectively address water supply system 
vulnerabilities.  Details on water supply system vulnerability can be found in 
Appendix F and is summarized below.  Appendix F includes a discussion of the 
following: 

 An earthquake literature search of major earthquake events and what has 
been learned from such events. 

 Evaluation of catastrophic interruption of regional facilities. 

 Vulnerabilities of the region’s water supply system to SWP supply 
interruption. 

 Vulnerably of local purveyors’ systems to an earthquake. 

 Summary of Findings and Recommendations including a Water Shortage 
Contingency Plan.   

 Water Shortage contingency planning. 

4.2.1.7.1 Findings and Recommendations 

Findings 

The region is located in a seismically active area of Southern California.  Four 
major fault zones are found in the region, including the San Jacinto Fault, the 
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Chino-Corona segment of the Elsinore Fault, the Cucamonga Fault, and the SAF.  
Numerous other minor faults associated with these larger fault structures may 
also present substantial hazards.   

In Southern California, the SAF runs along the southern base of the San 
Bernardino Mountains, crosses through Cajon Pass, and continues northwest 
along the northern base of the San Gabriel Mountains.  Historical records 
indicate that massive earthquakes have occurred in the central section of the SAF 
in 1857 and in the northern section in 1906 (the San Francisco Earthquake).  In 
1857, an estimated magnitude 8+ earthquake occurred on the San Andreas Fault 
rupturing the ground for 200 to 275 miles, from near Cholame to Cajon Pass and 
possibly as far south as San Gorgonio Pass.  The recurrence interval for a 
magnitude 8 earthquake along the total length of the fault is estimated to be 
between 50 and 200 years.  It has been 147 years since the 1857 rupture.  A study 
completed by Yuri Fialko (2005) suggests that the SAF in Southern California 
has been stressed to a level sufficient for an earthquake of magnitude 7.0 or 
greater.    

These findings have been developed from a search of literature reporting the 
impacts of major earthquakes and limited work by water purveyors.  More 
detailed, site-specific analyses are needed to better quantify and identify impacts 
from major earthquakes or other catastrophic outages.   

 Reliability of Groundwater Wells.  Review of post-earthquake lifeline 
performance reports reveals little discussion of groundwater well failure.  
However, loss of commercial power, damage to electrical equipment and 
aboveground appurtenances, or damage to the distribution system may 
effectively put the well out of service.  Liquefaction, especially in areas 
where there is high groundwater levels between depths of 5 to 50 feet, 
may cause ground settlement and interfere with continued well operation. 

No discussion of the performance of well head treatment systems during 
earthquakes was found.  This may be due to the limited amount of well 
head treatment in place during prior earthquakes.  As well head 
treatment typically includes purchased equipment installed in a field 
location, there is significant opportunity for lapses in the seismic design.   

The groundwater basin and the groundwater production wells are a 
reliable part of the water supply system for the San Bernardino area. 

 Reliability of Pipelines.  Pipelines are generally the most fragile part of 
a water system.  Generally, damage is a function of displacement rather 
than shaking.  Empirical algorithms have been developed to predict 
seismic reliability of pipelines.   
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 Reliability of Pump Stations.  Past earthquakes indicate that the 
structural and mechanical elements of a pump station are highly resistant 
to earthquake damage.  The most likely failures are to the electrical 
equipment and loss of commercial power. 

 Reliability of Surface Water Treatment Facilities.  The major 
elements of a surface water treatment system are typically concrete 
structures that are very resistant to damage.  However, these facilities 
include a large variety of mechanical equipment, much of it long and 
lightweight and subject to damage not only from the direct force of an 
earthquake, but also from the wave action created by the earthquake.  
Similar to a pump station, power supply and electrical equipment are 
fragile.   

 Reliability of the State Water Project.  While little specific information 
was found on anticipated damage to the SWP, the high susceptibility of 
the Santa Ana Valley Pipeline is recognized.  Major vulnerability of the 
SWP includes the Sacramento-San Joaquin Delta and the California 
Aqueduct.  The SWP does have a Business Resumption Plan and an 
Emergency Operations Plan.   

 Length of Outages.  Length of water service outages vary by earthquake 
and by purveyor.  The Loma Prieta earthquake affected a large number 
of separate systems.  The San Jose Water Company serves most of 
San Jose and all of Los Gatos.  Los Gatos was hard hit and half of the 
water customers lost water service.  In San Francisco, the worst hit area 
was the Marina District.  Both fires and liquefaction affected the district.  
East Bay Municipal Water District serves 1.1 million customers and 
suffered $3.7 million in damage.  Damage included a break in a 60-inch 
raw water line.     

After the Northridge earthquake, the Los Angeles Aqueducts Nos.  1 and 
2 were in and out of service for temporary and permanent repairs over 
several months; these facilities were not critical at that time.  Alternate 
supplies were available and drought conditions limited supply to these 
aqueducts.   

Valley District’s Emergency Operations Plan includes estimates for 
repair of Valley District facilities.  Electrical and pipe repairs are 
estimated to take 35 to 77 days.  Pump repairs are estimated to take 168 
to 273 days.   

Table 4-6 shows how interruption in each of the Valley District facilities 
may impact water deliveries for the local purveyors.  Interruption in  
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Table 4-6 
Valley District Facilities Used to Deliver Water to Retail Agencies 

Agency Foothill 
Pipeline 

SARC 
Pipeline 

Morton 
Canyon 
Connector 

Green-spot 
Pipeline 

Green-spot 
Pump 
Station 

Devil 
Canyon 
- Azusa 

Tate 
Pump 
Station 

Crafton 
Hills PS 

Crafton 
Hills 
Reservoir 

EBX1 
Reach 1 
Pipeline 

EBX 
Reach 2 
Pipeline 

Yucaipa 
Pipeline 

Baseline 
Feeder 

San Bernardino 
Municipal Water 
Department 

   2 - 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

East Valley Water 
District    2 - 

- 
- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

City of Redlands – 
Hinckley      

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

City of Redlands – 
Tate      - 

-  
- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

Bear Valley MWC -  
In lieu obligation 
and irrigation 

     - 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

Yucaipa Valley 
Water District      - 

- 
- 
-      

- 
- 

Fontana Water 
Company    2 - 

-  - 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

West Valley Water 
District     2 - 

-  
- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
-  

City of Rialto 
- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

- 
-  

Notes: 
1EBX:  East Branch Extension of the California Aqueduct 
2 Required only if Mill Creek water is being delivered in a westerly direction. 
Valley District’s conveyance system is used to implement the Santa Ana-Mill Creek Cooperative Water Project and effect deliveries of local surface water and exchanges of local surface water 
and State Project water. 
The Devil Canyon - Azusa Pipeline is owned by San Gabriel Valley Municipal Water District.  Valley District has conveyance capacity of the pipeline from Devil Canyon to the Lytle Creek area 
and uses this capacity to convey water to West Valley, Rialto, and Fontana.  It could be used to convey local surface water if the SWP were to fail and if the legal issues were resolved. 
The Baseline Feeder is used to convey groundwater to Rialto and West Valley.  The groundwater is produced by the City of San Bernardino on behalf of Valley District and by Rialto for Rialto. 
Valley District deliveries to San Bernardino Municipal Water Department are for recharge.  Changes in recharge impact well hydrographs in six to seven months.   
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Foothill Pipeline, Santa Ana River Connector Pipeline, Morton Canyon 
Connector, and Greenspot Pipeline affect every purveyor that receives 
water from Valley District. 

4.2.1.7.2 Recommendations for Disaster Preparedness 

This section includes recommendations based on the literature review, review of 
the Valley District facilities, and discussions with District staff and purveyors.  
Some of the projects already included in the IRWM Plan that would enhance 
disaster preparedness have also been reviewed in this section. 

General Recommendations 

 Valley District should consider a Seismic Improvement Program/Water 
Infrastructure Reliability Project to review the adequacy of Valley 
District facilities to withstand an earthquake.  East Bay Municipal 
Utilities District and Santa Clara Valley Water District (Santa Clara 
Valley Water District, 2005) are two agencies that have performed such 
studies.  High priority facilities include Foothill Pipeline, Santa Ana 
River Connector, Morton Canyon Connector, and Greenspot Pipeline. 

 Valley District should consider the opportunities that Big Bear Lake 
presents as an emergency source of water after an earthquake that 
interrupts SWP deliveries for many weeks. 

 Valley District should consider using the existing MWD agreements to 
allow the use of Metropolitan Water District facilities to bypass failed 
Valley District facilities (and the reverse). 

 Review the ability to provide drinking water immediately following an 
earthquake.  Arrangements to provide bottled water may be appropriate. 

 The USGS Multi-hazards Demonstration Project (MHDP) is leading an 
effort to create a scenario document for a future M7.8 southern San 
Andreas Fault earthquake.  The document will describe in detail the 
effects of the earthquake.  It will form the basis for a November 2008 
statewide earthquake response exercise.  This document should be 
reviewed when it is ready, as useful information for disaster preparedness 
planning will come out of this effort. 

Proposed Projects to Provide Conveyance System Redundancies for the 
Regional Facilities 

Implementation of the following projects (included in the IRWM Plan) may be of 
particular benefit during major disasters by providing redundancies for the 
conveyance system. 
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Project 12 - Central Feeder Pipeline  

The Central Feeder System, including projects 12.1 through 12.7, provides the 
ability to convey Bunker Hill Basin groundwater to purveyors.  This project is 
particularly important because it provides redundancy for the Foothill Pipeline. 

Project 36 - West End Pump Station  

By conveying Bunker Hill Basin groundwater to the west, 
provides redundancy to the Baseline Feeder West Extension 
and the Lytle Creek Pipeline. 

Project 37 - 9th Street Feeder  

This project conveys Bunker Hill Basin groundwater as an 
alternative water supply to East Valley. 

Project 39.1 - Mentone Pipeline  

Mentone Pipeline may be constructed as the East Branch 
Extension Phase II to provide additional conveyance 
capacity  to the east—YVWD and SGPWA. 

Foundation for the Redlands Pump Station 
which will deliver water into the Central 
Feeder, Phase 1 Pipeline. 

Project 54 - Bunker Hill Regional Water Supply  

This project improves the ability to produce groundwater and place that 
groundwater into regional transmission systems. 

Project 57 - Bunker Hill Basin Water Supply Reliability Project  

This project improves the ability to convey Bunker Hill Basin groundwater to the 
west and provides alternative conveyance to the Baseline Feeder and Lytle Creek 
Pipeline.  This project also provides redundancy for Project 54. 

Project 60 - Baseline Feeder West Extension  

This project provides a method to deliver Bunker Hill Basin Groundwater west 
beyond West Valley’s service area, providing an alternative supply to Fontana 
Water Company.   

4.2.1.7.3 Alternative Local Supplies 

This section is intended to initiate a discussion of options that would improve the 
water supply reliability in case of a catastrophic failure of portions of the Valley 
District water system. 
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Interties between Retail Agencies 

Table 4-7 lists interconnections between purveyors.  These interties could be 
used to balance supplies between purveyors during an emergency.  An 
interconnection between the City of San Bernardino and East Valley is currently 
being used to facilitate blending.  This use is anticipated to end in the near future.  
FWC has historically depended on supplies delivered through its interconnection 
with Cucamonga Valley to meet peak day demand.    

Table 4-7 
System Interties between Retail Agencies 
Agencies Direction Capacity 

(MGD) 
Remarks/data source 

City of San Bernardino/East 
Valley 

Either 4 Three interties.  One currently used to 
facilitate blending. 

City of San 
Bernardino/Riverside 

To San 
Bernardino 

2 (San Bernardino UWMP, Pg 2-10) 

City of San Bernardino/West 
Valley 

Either 3 (San Bernardino UWMP, Pg 2-10) 

City of San Bernardino/Loma 
Linda 

Either 5 (San Bernardino UWMP, Pg 2-10) 

City of San Bernardino/Colton To Colton 3 (San Bernardino UWMP, Pg 2-10) 
City of San Bernardino/Rialto Either 3.6 (San Bernardino UWMP, Pg 2-10) 
City of San Bernardino/ 
Riverside Highland 

To Riverside/ 
Highland 

3 (San Bernardino UWMP, Pg 2-10) 

Fontana/Cucamonga Valley Either 3.6 Fontana UWMP (2500 gpm) 
West Valley/Fontana Either  West Valley UWMP.   
West Valley/Rialto Either  West Valley UWMP. 
West Valley/Colton   West Valley UWMP. 
Redlands/Loma Linda To Loma Linda  Greg Gage 
Rialto/Marygold To Marygold  Rialto has historically conveyed 1,500 afy of 

groundwater to Marygold.  The agreement 
under which this was accomplished is 
expiring. 

    
Sources:  San Bernardino Municipal Water Department 2005 UWMP; Jack Nelson, Yucaipa Valley; Ron 
Buchenwald, East Valley; Greg Gage, Valley District, West Valley 2005 UWMP.    
Based on the limited sources of data, this list may be incomplete. 

 

Big Bear Lake 

Big Bear Lake has a capacity of over 70,000 acre-feet, most of which is owned 
by the Bear Valley Mutual Water Company.  An agreement could be written that 
might make water from the lake available for municipal use in case of a 
catastrophe. 
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Increased Groundwater Production Capacity and Reliability 

If the catastrophe is an earthquake, the most likely impact on groundwater 
production capacity will be damage to the electrical system of the well or to the 
electricity supplier’s system. 

Thus, providing emergency generators for “key” wells would help improve the 
area’s ability to operate after a catastrophic failure. 

4.2.1.7.4 Alternative Conveyance of Surface Water 

Alternatives to Foothill Pipeline System 

The following systems could provide some alternative conveyance 
of surface water should portions of the Foothill Pipeline System fail. 

 Metropolitan’s Inland Feeder can convey water stored in 
Diamond Valley north to the SBVMWD service area.  The 
conveyance capacity of the Inland Feeder operating from 
Diamond Valley Lake to the north is reported to be 250 cfs. 

 Once completed, the tunnel portion of the Inland Feeder, 
with proper interties, will be able to convey SWP water 
from Devil Canyon Afterbay into the Foothill Pipeline.   

 The Central Feeder, portions of which are under 
construction, would increase the ability to convey 
groundwater between agencies following a catastrophe.  
Connecting the Central Feeder to the Santa Ana Valley 
Pipeline and to the Crafton Hills Pump Station would 
provide redundancy for the Foothill Pipeline. 

 The proposed East Branch Extension Phase II will convey 
SWP water from the eastern portion of the Foothill Pipeline 
to Crafton Hills Pump Station.  This will provide increased 
capacity for the SARC Pipeline, Greenspot Pump Station, Morton 
Canyon Connector I, and Greenspot Pipeline. 

A segment of the 78-inch-
diameter Central Feeder, 
Phase 1 pipeline is lowered 
into place. 

 The proposed State Water Project Extension (previously called the 
Desert Aqueduct) contemplates extension of the State Water Project to 
Coachella Valley.  Depending on the alignment chosen, this project 
could provide an alternative for conveying SWP water to portions of the 
Valley District service area or to San Gorgonio’s service area. 
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Alternatives to the Lytle Pipeline 

 Metropolitan’s Foothill Feeder, the Rialto Pipeline segment, parallels the  
Devil Canyon-Azusa Pipeline east for approximately nine miles.  With 
turnouts, it could provide alternative conveyance to West Valley’s and 
FWC’s surface water treatment plants. 

 The Baseline Feeder conveys groundwater to West Valley and Rialto.  
This groundwater is an alternative to SWP water conveyed by the Lytle 
Pipeline. 

Alternatives to Baseline Feeder System 

 The Devil Canyon-Azusa Pipeline conveys SWP water to West Valley, 
FWC, and Rialto.  This surface water is supplemental to groundwater 
conveyed by the Baseline Feeder. 

4.2.1.7.5 Back-Up Power Supplies  

Power Supplies for Pumping Plants and Groundwater Wells 

A catastrophic earthquake may cause loss of electricity for an indeterminate 
amount of time.  In order to ensure water supplies in the immediate aftermath and 
weeks following a major earthquake, it is critical to have back-up generators or 
internal combustion engines for key pumping stations and production wells 
throughout the region. 

Similar evaluations should be conducted for other facilities such as water 
treatment plants and the key pumping plants, and back-up power generation 
should be put in place for use during emergencies. 

4.2.1.7.6 Climate Change 

Climate change may have considerable impact on the 
management of water supply and flood control systems in the 
State.  Climate change impacts may include changes in the 
following: 

 Temperature and its effect on timing of snow melt, 

 Precipitation variation and intensity, and  

 Snow pack and snow-covered areas in the 
watershed. Climate change may have a considerable 

impact on management of water supply and 
flood control systems in the state. In July 2006, DWR issued a Technical Memorandum 

Report entitled “Progress on Incorporating Climate 
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Change into Management of California’s Water Resources.”  The study 
presented in the report focused on the four climate change scenarios selected by 
the Climate Action Team, which was appointed in response to the Governor’s 
Executive Order SB3-05 on climate change.  Four climate change simulations 
represent two greenhouse gas emission scenarios and two different models that 
were used to evaluate the climate effects.  The two gas emission scenarios were 
developed by the Intergovernmental Panel on Climate Change representing low 
and high emission scenarios.  Each scenario was then examined by two models, 
the Geophysical Fluid Dynamic Lab model (GFDL) and the Parallel Climate 
Model (PCM).  The results of the study indicate the following: 

 By 2050, the PCM model predicts a one-degree Celsius increase in 
temperature for both gas emission scenarios, while the GFDL model 
predicts a 2.25-degree increase for both scenarios.  Increases up to 5 
degrees Celsius occur by 2100 in the GFDL model. 

 Climate model projections for changes in total annual precipitation in 
California through the end of this century are mixed.  Models predicting 
the greatest amount of warming generally predicted moderate decreases 
in precipitation.  Models projecting smaller increases in temperature tend 
to predict moderate increases in precipitation.   

 Changes in runoff associated with climate change can be related to the 
changes in watershed response due to the modification of the seasonal 
snow pack.  Increasing temperatures will likely push the snow level in 
watersheds to higher elevations, leaving more of the watershed available 
to contribute to direct winter runoff processes.  In addition, higher 
elevation snow levels decrease the available watershed area for snow 
pack to develop.   

 Increased temperatures are likely to lead to increased elevations for snow 
pack formation, which leads to a greater contributing area for winter 
storm runoff.  In addition, warming temperatures may lead to early 
melting of snow pack.  The combination of earlier melt time, greater 
variability, and greater potential for direct storm runoff may challenge 
the current flood and water supply system in California.   

For Southern California, the GFDL model predicts a 10 percent decrease in 
precipitation after 2050 for both gas emission scenarios, while the PCM model 
predicts a 1 percent decrease in precipitation for both scenarios.  By 2100, 
however, the PCM model predicts a 10 percent increase in precipitation for both 
scenarios.  (See Table 4-8.) 
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Table 4-8 
PCM Model of Precipitation 

 
 

Historically, average snowline elevations in California have ranged from about 
4,500 feet in the north to above 6,000 feet in the southern Sierra mountains.  
DWR staff estimates that the average snow-covered area totals about 13,200 
square miles in the water-supply-producing basins of the Central Valley and the 
Trinity River above Lewiston.  This is about 8 percent of the State’s total land 
surface.  The northern Sierra and Trinity mountains account for about 7,000 
square miles of the 13,200 square mile total.  The west slope of the southern 
Sierra accounts for the remainder.  Rising temperatures will cause reductions in 
the State’s snow pack by raising snowline elevations and reducing the area where 
annual snow pack accumulates.  A rudimentary analysis of the impact of rising 
temperatures on snow pack shows that a 3 degree Celsius rise will likely cause 
snowlines to rise about 1,500 feet, based on a moist lapse rate of 500 feet per 1 
degree Celsius.  This would cause a significant reduction in the amount of snow-
covered area in the State and an estimated average annual loss of about 5 million 
acre-feet of effective water storage in snow pack.  Climate model studies support 
projections for continued reductions in the State’s snow pack as a result of 
warming.  Simulations under various amounts of temperature rise indicate that 
California’s snow pack is very vulnerable to warming.   

Generally, there is great uncertainty in the magnitude, timing, and location of 
precipitation and runoff changes associated with climate change.  However, it is 
generally understood that climate change would decrease snow runoff and 
therefore reduce the level of water supply reliability of the existing projects, 
including the SWP.  It is also understood by the water managers that additional 
data sets, research, and studies will be needed to more accurately bracket the 
potential impacts of the climate change on the State water supply and flood 
control system. 

There is also a great level of uncertainty in magnitude of reduction in water 
supply due to climate change for Southern California and for Upper Santa Ana, 
in particular.  Considering uncertainty about the water supply impact of climate 
change in the Upper Santa Ana Region at this time, the TAG has acknowledged 
the need for additional studies.  Because of the uncertainty about the magnitude 
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of climate change impact on the water supply, it is premature to plan for 
expensive infrastructures in Upper Santa Ana to deal with associated impacts.  
Instead, the TAG has decided to first conduct a sensitivity analysis to determine 
what range of impact climate change may have on water supply availability and 
groundwater storage in the region and then plan for strategies to deal with the 
potential impacts.  The sensitivities analysis is followed by formulation of 
appropriate strategies to deal with potential future water shortage associated with 
climate change. 

The sensitivities analyses indicate that the impact of reduction of SWP reliability 
and the reduction of the long-term local surface supply by 10 percent will result 
in a reduction of about 20,000 acre-feet of water supplies in the region.  
Assuming reduction of SWP and local supplies will occur as stated above, the 
region will need about 20,000 acre-feet to offset the impact of climate change. 

To deal with the changes in water supply associated with climate change, it is 
recommended that a series of additional aggressive water conservation and 
recycling programs be developed for the Upper Santa Ana Region.  Because 
these conservation and recycling programs are in addition to 40 TAF 
conservations projects envisioned to be implemented to meet 2030 water needs, 
additional studies should be conducted to develop feasible projects.  A detailed 
discussion of water conservation and water recycling strategies is presented 
under the water management strategy section of this plan. 
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4.2.2  Protect and Enhance Water Quality Objective 
The goal of this objective is to protect the quality of the region’s surface water 
and groundwater resources.  To ensure reasonable protection, the water 
management strategies for the basin should be consistent with and contribute to 
the water quality objectives for the region, such as the Santa Ana Regional Water 
Quality Control Plan and the SAWPA IRWM Plan.  The water quality objective 
is designed to address issues specific to the region. 

Groundwater management is currently influenced by the presence of 
contamination plumes.  Most of these plumes resulted from historic military and 
industrial operations in the region.  The following plumes have been identified: 

1. Newmark-Muscoy Superfund ( trichloroethylene (TCE) 

2. Redlands-Crafton (TCE, Perchlorate)   

3. Santa Fe Plume (TCE) 

4. Former Norton Air Force Base (TCE)  

5. Rialto-Colton Subbasin (PCE, TCE, 1,1-DCE, cis-1,2-DCE, perchlorate) 

6. No-Mans Land (PCE) 

Management strategies will be developed to not only avoid any adverse impacts 
that would cause these plumes to spread further but also to develop projects that 
will accelerate the cleanup of these plumes.  These strategies will be evaluated 
using computer models.  Avoiding any impacts to and from the plumes, and their 
removal when possible, is considered a BMO for the region.  This BMO is also 
consistent with the Groundwater Management Planning Act requiring BMOs to 
be formulated to address groundwater quality issues of the basins. 

Federal and State law, the Orange County and Western Judgments, and sound 
water management practices require compliance with specific water quality 
standards.  The Clean Water Act is the federal law requiring that water quality 
standards be established and, as appropriate, revised.  The Porter-Cologne Act is 
the State law that established both the SWRCB and the present system of nine 
RWQCBs.  This law directs that each Regional Board formulate a water quality 
control plan for its region that complies with the requirements of federal and 
State law and also regularly update these plans.  The Upper SAR watershed is 
subject to the jurisdiction of the Basin Plan. 

The Basin Plan establishes water quality standards for all the ground and surface 
waters in the watershed.  It identifies a total of 19 beneficial uses of water in the 
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SAR Basin and the levels of water quality that must be met and maintained.  
Examples of these beneficial uses include Municipal and Domestic Supply, 
Groundwater Recharge, and Wildlife Habitat.  The Basin Plan also includes 
narrative and specific numeric objectives for inland surface waters and 
groundwater and regulatory plans to achieve these objectives.  Dissolved 
minerals, generally expressed as TDS; nitrogen levels, largely in the form of 
nitrate; and the presence of groundwater contamination, for example, PCE and 
TCE contaminants, are primary concerns.       

With respect to surface water quality, the Federal Clean Water Act Section 
303(d) requires that states identify waters that do not or are not expected to meet 
water quality standards (beneficial uses, water quality objectives, and the anti-
degradation policy) with the implementation of Best Available Technology.  
Once a water body has been placed on the 303(d) list of impaired waters, states 
are required to develop a Total Maximum Daily Load (TMDL) to address each 
pollutant causing impairment.   

A TMDL defines how much of a pollutant a water body can tolerate and still 
meet water quality standards.  Each TMDL must account for all sources of the 
pollutant, including discharges from wastewater treatment facilities; runoff from 
homes, forested lands, agriculture, streets, or highways; contaminated 
soils/sediments and legacy contaminants such as dichlorodiphenyltrichloroethane 
(DDT) and polychlorinated biphenyls (PCBs); on-site disposal systems (septic 
systems); and deposits from the air.  Federal regulations require that the TMDL, 
at a minimum, account for contributions from point sources (permitted 
discharges) and nonpoint sources, including natural background.   

In addition to accounting for past and current activities, TMDLs allocate 
allowable pollutant loads for each source, and identify management measures 
that, when implemented, will ensure that water quality standards are attained.  
The Basin Plan (described above) must include an implementation plan that 
describes how the water quality standards established in the Basin Plan will be 
met.  TMDLs, with their associated implementation plans, are adopted into the 
Basin Plans through the Basin Planning process. 

The ability to protect water quality has a direct bearing on the viability of many 
IRWM Plan objectives and strategies.  This section describes strategies and 
projects for (1) TDS and Nitrogen Management, (2) Remediation of 
Groundwater Contamination, (3) Water Supply, (4) Surface Water Quality 
Improvement, and (5) Groundwater and Surface Water Quality Monitoring. 

4.2.2.1 Total Dissolved Solids and Nitrogen Management Strategy 

Groundwater quality in the Upper SAR watershed is generally good; however, 
long-term historic land-use practices, particularly agriculture, have resulted in an 
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accumulation of salts that are now in the unsaturated soils overlying groundwater 
subbasins (now defined in the Basin Plan as groundwater management zones).  
These salts will, over time, degrade groundwater quality.   

Watershed stakeholders have invested significant resources to better understand 
and resolve questions concerning the build-up of dissolved minerals in the 
watershed.  These initiatives are in response to water quality monitoring and 
computer modeling of groundwater indicating that the levels of dissolved 
minerals, generally expressed as TDS, were exceeding water quality objectives or 
would do so in the future in some groundwater subbasins unless appropriate 
controls were implemented.  Nitrogen levels, largely in the form of nitrate, were 
likewise projected to exceed objectives.   

In 1996, a Nitrogen and Total Dissolved Solids (TIN/TDS) Task Force was 
formed in the watershed to conduct scientific investigations regarding the then 
existing TDS and nitrogen and water quality objectives of the 1995 Basin Plan.  
This Task Force, administered by SAWPA, was comprised of 22 water supply 
and wastewater agencies.   

In 2003, a Final Technical Memorandum was completed that reported the results 
of this scientific investigation, The TIN/TDS Study – Phase 2B of the Santa Ana 
Watershed Wasteload Allocation Investigation.  In 2004, as a result of this work, 
the Basin Plan was amended.  As amended, the Basin Plan implements new 
water quality monitoring and reporting requirements.  One such requirement is 
the preparation of an Annual Report of Santa Ana River Water Quality.   

In June 2007, the third Annual Report of Santa Ana River Water Quality was 
prepared.  The report provides water quality information that will be utilized to 
develop and implement a surface water monitoring program, which, in turn, will 
enable watershed stakeholders to determine compliance with the nitrogen and 
TDS objectives of the SAR, and, thereby, the effectiveness of wasteload 
allocations prescribed in the Basin Plan.   

The Basin Plan establishes new TDS and nitrogen water quality objectives for 
both surface water and groundwater.  It also establishes new surface water 
monitoring commitments associated with certain agencies’ “maximum benefit” 
programs.  This is a comprehensive monitoring program implemented by some 
Task Force members that includes an evaluation of compliance with the TDS and 
nitrogen objectives for Reaches 2, 4, and 5 of the SAR.   

SAR Reach 5 is located in the Upper SAR watershed.  The Basin Plan specifies 
water quality objectives for SAR Reach 5 for TDS, hardness, sodium, chloride, 
TIN, sulfate, and COD.  Along SAR Reach 5, the OCWD monitors a single site, 
SAR-WATERMAN-01.  In 2006, this site was monitored by OCWD only once in 
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August.  Based upon analysis of the limited available data collected by OCWD, 
no constituents were shown to exceed Basin Plan objectives.   

Non-tributary discharges to SAR Reach 5 include recycled water inflows from 
the City of San Bernardino Water Reclamation Facility and potential inflows 
from San Timoteo Creek produced at Yucaipa Valley Water District (YVWD) 
Wastewater Reclamation Facility and City of Beaumont’s WWTP No. 1.  As 
demonstrated in previous years’ measurements of streamflow conducted by 
YVWD, during dry-weather conditions, the City of Beaumont’s recycled water 
discharge completely infiltrates into the streambed in Cooper’s Creek, a tributary 
of San Timoteo Creek.  Prior to San Timoteo Creek’s confluence with SAR, 
almost all of YVWD’s recycled water discharge infiltrated the nearby streambed.  
The U.S.  Geological Survey (USGS) maintains two gaging stations for this 
segment of the SAR—Station 11059300, located along the SAR at E Street near 
San Bernardino, and station 11057500, located along San Timoteo Creek near 
Loma Linda.   

The water quality strategy for TDS and Nitrogen Management includes the 
following: 

 Continue to work collaboratively with stakeholders throughout the entire 
Santa Ana watershed, including the RWQCB and the TDS/TIN Task 
Force to develop sound water management solutions that are responsive 
to site-specific hydrologic characteristics.  Implement the signed 
agreement between the RWQCB and certain water agencies to “Protect 
Water Quality and Encourage the Conjunctive Uses of Imported Water 
in the Santa Ana River Basins.”  The agreement does not restrict the 
beneficial uses of SWP water for groundwater recharge, with the 
acknowledgement that the RWQCB could consider regulatory actions to 
restrict the use of SWP water for groundwater recharge in the future. 

 YVWD Desalter and Brine Disposal Project – The construction and 
operation of groundwater desalters to extract and treat poor quality 
groundwater has been and continues to be an essential component of salt 
management in the Upper SAR watershed.  Such projects will be 
increasingly important in the watershed to protect local water supplies 
and provide supplemental, reliable sources of potable supplies.   

In the San Timoteo watershed areas, the YVWD anticipates that 
demineralization of groundwater or recycled water will be necessary in 
the future.  YVWD is committed to constructing and operating 
desalting and brine disposal facilities according to terms and conditions 
described in the Basin Plan.  The construction of these facilities will be 
in accordance with a plan and schedule submitted by YVWD and 
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approved by the RWQCB.  These facilities should be designed to 
stabilize or reverse the degradation trend evidenced by effluent and/or 
management zone quality. 

 City of Beaumont and the San Timoteo Watershed Management 
Authority (STWMA) Desalter and Brine Disposal Project – The 
construction and operation of groundwater desalters to extract and treat 
poor-quality groundwater has been and continues to be an essential 
component of salt management in the Santa Ana watershed.  Such 
projects will be increasingly important in the Upper SAR watershed to 
protect local water supplies and provide supplemental, reliable sources of 
potable supplies.   

The City of Beaumont and STWMA will construct and operate 
desalting facilities and brine disposal facilities according to terms and 
conditions described in the Basin Plan.  The construction of these 
facilities will be in accordance with a plan and schedule submitted by 
the City of Beaumont and STWMA and approved by the RWQCB.  
These facilities shall be designed to stabilize or reverse the degradation 
trend evidenced by effluent and/or management zone quality. 

 Santa Ana Regional Interceptor (SARI) Improvement Project – The 
SARI is primarily a utility for non-reclaimable wastewater.  Its highest 
and best use is the removal of salts from the watershed to keep them 
from degrading water quality and thereby allowing better long-term and 
sustainable use of groundwater resources and expansion of the region’s 
ability to reclaim water.  The long-term goal of achieving salt balance 
within the region can be accomplished through the use of local desalters, 
selective use of imported water in combination with exporting salts from 
the watershed through the SARI pipeline.   

In the Upper SAR watershed, the SARI extends into the cities of 
Riverside and San Bernardino.  The SARI faces challenges such as the 
deferral of system maintenance and high capital costs for on-going 
improvements, repairs, refurbishment, and capacity management.  
Projects will be developed to fully utilize the capacity of the SARI 
system and to ensure its viability as a means to remove salts from the 
watershed.   

4.2.2.2 Remediation of Groundwater Contamination Strategy  

Several contaminant plumes are present throughout the region.  These plumes 
limit the use of groundwater in some areas as well as management of the 
groundwater basins.  Clean-up activities are undertaken for some plumes as 
discussed below and specific strategies are being developed to expedite 
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remediation in others.  The SBBA is impacted by five major groundwater 
contamination plumes.  Remediation of these plumes is underway.  For example, 
remediation of the Newmark-Muscoy and former Norton Air Force Base Plumes 
is progressing under the EPA Superfund Program.   

The proposed Bunker Hill Regional Water Supply Project is another measure to 
facilitate and expedite remediation of the Newmark Plume while accomplishing 
other important purposes—to provide a new source of water supply, improve 
water supply reliability during dry periods, develop a conjunctive use project that 
would optimize the capture and storage of imported water in strategic locations 
within the Bunker Hill Basin, facilitate in-lieu groundwater storage in adjacent 
groundwater basins, and improve regional water supply reliability during dry 
periods. 

The project is the development of a well field to extract contaminated 
groundwater from the Newmark Plume and deliver it to a water treatment plant 
where it would be treated to remove PCE and TCE contaminants.  After 
treatment, the water would be conveyed to Bunker Hill Basin groundwater 
purveyors for municipal and domestic use.  The amount of water to be extracted 
and supplied ranges from 20,000 to 60,000 acre-feet per year.  Annual production 
from the project could not exceed the quantities previously recharged under the 
program.  In order to sustain these extraction rates, it is assumed that a similar 
amount of imported water, supplemented by stormwater, would be used to 
recharge the groundwater basin located upgradient of the proposed well field.  
This strategy was discussed in detail in Section 4.2.1.3.2 under Bunker Hill Basin 
Regional Water Supply Program. 

FWC currently operates and maintains a groundwater remediation project at its 
Plant F10 pursuant to a long-term agreement with San Bernardino County, the 
owner and operator of the Mid Valley Sanitary Landfill, and a corresponding 
Clean-Up and Abatement order issued to San Bernardino County by the 
RWQCB.  The 5,000 gpm treatment plant utilizes liquid phase granular activated 
carbon to treat for volatile organic compounds including but not limited to PCE, 
TCE, 1,1-DCE, and cis-1,2-DCE.  The plant treats and removes those 
contaminants from groundwater extracted from both the Rialto-Colton and No-
Mans Land subbasins.   

Other projects to protect groundwater quality within the region include septic 
system conversion for the Highgrove Area and the Pellesier Ranch Barrier wells 
and water treatment plant. 

4-94 



Develop Integrated Regional Water Management Plan 

4.2.2.3 Improving Groundwater Quality by Recharge of the Basins with Good 
Quality Water 

The quality of water supply impacts the multiple beneficial uses of water.  For 
example, the quality of water supply impacts the extent to which wastewater can 
be reused and recycled without resulting in adverse impacts on affected receiving 
waters as well as discrete industrial discharges, returns to groundwater from 
homes using septic tank systems, returns from irrigation of landscaping in 
sewered and unsewered areas, and returns to groundwater from commercial 
irrigated agriculture.   

Imported SWP water is an important part of the region’s water supply.  The use 
of higher quality SWP water, with a long-term TDS average of less than 300 
milligrams per liter (mg/L), together with the capture of flood/stormwater for 
groundwater recharge can also be an important part of the region’s strategy to 
protect water quality. 

The use of SWP water can allow for maximum reuse of water supplies without 
aggravating the watershed mineralization.  It can also be utilized for direct and 
in-lieu recharge of groundwater basins to improve long-term and dry-year period 
water supply reliability.  Under certain circumstances, such as the Bunkerhill 
Regional Water Supply Project (see “Remediation of Groundwater 
Contamination Strategy”), it can be utilized to facilitate and expedite 
groundwater remediation.  Therefore, the use of high-quality SWP water in the 
Upper SAR watershed can provide multiple benefits that extend beyond direct 
water supply. 

Likewise, the use of flood water/stormwater for groundwater recharge is an 
important part of an overall strategy to improve water quality.  Most groundwater 
recharge occurs in the natural channels of the Upper SAR watershed.  The San 
Bernardino County Flood Control District (SBCFCD), the SBVWCD, and other 
agencies in the region operate extensive recharge facilities that enhance the 
capture and recharge of high-quality stormwater. 

Fully utilizing higher quality SWP water and flood water/stormwater for 
groundwater recharge will be accomplished through operation of existing 
facilities to maximize recharge during periods of optimal water quality (e.g., 
during wet periods) and through the planning, design, and construction of new 
groundwater recharge facilities and multi-purpose flood control district facilities 
such as soft-bottom flood control channels.  This strategy will also require the 
planning and development of conveyance facilities and new institutional 
arrangements to share and coordinate use of facilities that are owned and 
operated by multiple agencies.   
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Facilities are planned by STWMA to recharge imported water and stormwater.  
Facilities are also planned as part of “maximum benefit” proposals by the 
YVWD, STWMA, and the City of Beaumont.  Such proposals include efforts to 
import and recharge high quality SWP water when it is available.  These 
activities increase both the quantity and quality of available groundwater 
resources. 

4.2.2.3.1 Cooperative Agreement to Protect Water Quality and Encourage the 
Conjunctive Uses of Imported Water in the Santa Ana River Basin 

The Cooperative Agreement to Protect Water Quality and Encourage the 
Conjunctive Uses of Imported Water in the Santa Ana River Basin was signed in 
2007 by the Santa Ana Regional Water Quality Control Board (SARWQCB), and 
the City of Corona, City of Riverside, Eastern Metropolitan Water District, 
Elsinore Valley Metropolitan Water District, OCWD, Valley District, SGPWA, 
and Western (Recharge Parties). 

The RWQCB is charged by statute with adopting water quality objectives as may 
be required to protect the beneficial uses of water within the region.  In 
particular, the long-term conjunctive use of groundwater in the region requires 
that the quality of water in groundwater basins in the region be managed to meet 
the water quality objectives for nitrogen and TDS (collectively, the Salinity 
Objectives) adopted by the RWQCB in the 1995 Water Quality Control Plan for 
the Santa Ana River Basin, as amended in 2004 by R8 2004-0001 (Basin Plan). 

The Salinity Objectives presently included in the Basin Plan are the result of a 
multi-year, multi-million dollar cooperative effort among many of the parties.  
The Salinity Objectives are a product of the best scientific and technical 
information available. 

The parties that intentionally recharge imported water within the Santa Ana 
Region (the Recharging Parties) agree voluntarily to collect, compile, and 
analyze the TIN/TDS water quality data necessary to determine whether the 
intentional recharge of imported water in the region may have a significant 
adverse impact on compliance with the Salinity Objectives within the region.  To 
that end, the Recharging Parties will collect, compile, and analyze such TIN/TDS 
water quality data and prepare, within 18 months from the effective date of the 
agreement and every three years thereafter, a report containing the following 
information: 

a. A summary of the then-current ambient water quality in each 
groundwater management zone and a comparison of that ambient water 
quality with the Salinity Objectives.  The Recharging Parties shall 
calculate ambient water quality for each groundwater management zone 
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in a manner that allows for a technically valid comparison with the 
Salinity Objectives. 

b. A summary of the amount and quality of imported water recharged in 
each groundwater management zone during the previous three-year 
period. 

c. The initial report and each report prepared at six-year intervals thereafter 
will include a projection of ambient water quality in each groundwater 
management zone for the subsequent 20 years. 

(1) The projection of ambient water quality for each groundwater 
management zone will be based upon professionally accepted 
modeling techniques, will reasonably account for surface fluxed of 
salt input, will reflect the effects of all existing and reasonably 
foreseeable recharge projects for which there is a certified 
environmental document, and will compare baseline ambient water 
quality with the Salinity Objectives. 

(2) The projections for different groundwater management zones may 
be based on different modeling techniques. 

(3) Each report that includes a 20-year projection of ambient water 
quality will also present a comparison of then-current water quality 
in each groundwater management zone with the ambient water 
quality projection made six years earlier, together with an 
evaluation of the reason(s) for any differences. 

The Recharging Parties agreed among themselves regarding the manner in which 
they will prepare the report and the manner in which they will share the cost of 
preparing the report.  The Recharging Parties will circulate a draft version of 
each report to all other parties for review and written comments for at least a 45-
day period prior to completing the final report and submission to the RWQCB. 

Each Recharging Party also agreed that, when it serves as a lead agency under 
the California Environmental Quality Act (CEQA) for a proposed project 
involving the recharge of imported water within the region, the environmental 
document will include the water quality data compiled in the most recent 
triennial report to the RWQCB in the analysis of the potential impacts of the 
proposed project.  The environmental document will also incorporate 
professionally acceptable modeling techniques. 

This agreement provides a framework for groundwater recharge of imported 
water and will facilitate conjunctive management in the region while protecting 
water quality.  A copy of the agreement is presented in Appendix A. 
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4.2.2.4 Surface Water Quality Improvement Strategy 

The Basin Plan, pursuant to California state law (Porter-Cologne Water Quality 
Control Act, California Water Code Section 13000 et.  seq.) and federal law 
(Clean Water Act 303(d)), must include an implementation plan that describes 
how the water quality standards established in the Basin Plan will be met.  
TMDLs, with their associated implementation plans, are adopted into the Basin 
Plans through the Basin Planning process.  This strategy addresses TMDL 
implementation with respect to impaired (303(d)) bodies of water located in the 
Big Bear Lake watershed and consists of developing and implementing plans and 
projects to improve the water quality of impaired surface water bodies that do not 
or are not expected to meet water quality standards for beneficial uses pursuant to 
the 303(d) list of impaired waters.   

The Big Bear area watershed is located in the San Bernardino Mountains.  Major 
water bodies in this watershed include Big Bear Lake, Baldwin Lake, Stanfield 
Marsh, Shay Meadows, Rathbone (Rathbun) Creek, Summit Creek, and Grout 
Creek.  Pursuant to the Clean Water Act Section 303(d), the following water 
bodies are impaired:  Big Bear Lake, due to nutrients, copper, mercury, metals, 
and siltation; Grout Creek, for metals and nutrients; Summit Creek, due to 
nutrients; Knickerbocker Creek, for pathogens and metals; and Rathbone Creek, 
due to nutrients and siltation.  The problem pollutants have been identified as 
coming from nonpoint sources.  In conjunction with local stakeholders, the 
RWQCB has adopted TMDLs for these pollutants (Resolution R8-2006-0023). 

A program has been formulated to identify a coordinated and comprehensive 
plan for management of the lake and surrounding watershed to protect the lake’s 
beneficial uses.  The Big Bear Municipal Water District (Big Bear Municipal) 
will serve as the sponsoring agency, with significant participation of Big Bear 
Lake watershed stakeholders.  The plan will include data collection, modeling 
and analysis of data, and reporting.  It will include a plan and schedule for short-
term and long-term in-lake sediment nutrient reduction for Big Bear Lake.  The 
plan will also include an evaluation of the applicability of various in-lake 
treatment technologies to support development of a long-term strategy for control 
of nutrients from the sediment, noxious and nuisance aquatic plants, and many 
other features. 

Another water quality improvement project for Big Bear Lake is a phosphorous 
treatment plant.  Based on existing data, phosphorus is the primary nutrient 
problem within Big Bear Lake.  For example, past studies have shown that Big 
Bear Lake is eutrophic (meaning a body of water whose oxygen content is 
depleted by organic nutrients) and that the limiting nutrient is phosphorous.  The 
phosphorous treatment project is intended to meet several water quality 
objectives identified in the Basin Plan, including those related to phosphorous, 
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dissolved oxygen, and excess algae.  The high nutrient levels are causing 
impairment to beneficial uses.  Reducing phosphorous concentrations will restore 
aquatic habitat by reducing excess algae growth and inhibiting the spread of 
invasive plant species.  In addition to improving water quality, this project will 
improve access and navigability for swimmers and boaters, particularly along the 
shallower shoreline of the lake.   

The proposed project will expand successful pilot demonstrations supported by 
previous Proposition 13 grant funds.  It will include the broad application of 
liquefied alum that will establish an ionic bond with dissolved phosphorous, 
forming an inert mineral salt that rapidly precipitates out of the water column.  
This project is co-sponsored by Big Bear Municipal, SBCFCD, and the City of 
Big Bear Lake as a joint effort to implement the water quality management 
strategies specified in the Basin Plan, the RWQCB's watershed Management 
Initiative, the Nutrient TMDL, BBMWD’s Lake Management Plan, the County’s 
Stormwater Management Plan, and the City’s Stormwater Management Plan.   

4.2.2.5 Groundwater and Surface Water Quality Monitoring Strategy 

Groundwater and surface water quality monitoring and assessment information 
enables water resource managers to understand the effectiveness or needs for 
improvement of their water quality management practices.  For example, water 
quality objectives for the SAR for TDS and nitrogen are set forth in the Basin 
Plan and water rights judgments.  In order to ensure compliance, water quality is 
monitored on the SAR at a point just below Prado Dam.  The USGS maintains a 
gaging station at this location to measure instantaneous flow and a water quality 
recorder provides continuous measurements of specific conductance.  Surface 
water grab samples are taken by the RWQCB staff, the USGS, and others, and 
analyzed to determine compliance with water quality objectives.  This 
information is used to assess the effectiveness of water management practices 
over time.   

A comprehensive surface and groundwater monitoring and assessment program 
is currently underway in the region.  Such a program provides information 
needed to evaluate the effectiveness of a water quality management practice and, 
as appropriate, modify management practices.  Management of groundwater 
basins in general and the proposed process to manage the SBBA requires 
extensive monitoring to ensure the annual operation of the basin is in compliance 
with requirements of existing agreements and judgments and that operation of the 
basin will result in the expected outcome.  A comprehensive groundwater 
monitoring plan has been prepared for this IRWM Plan and is presented in 
Appendix B. 
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4.2.2.5.1 Surface Water Ambient Monitoring Program 

In general, the RWQCB’s surface water monitoring program is not strictly 
formalized.  Other than monitoring at the location just below Prado Dam 
(described above), the sampling frequency, locations, constituents, and other 
details vary from year to year depending on identified problems and needs and on 
staff and funding availability.  In addition to these efforts, a number of other 
agencies conduct surface water monitoring programs in the region, including 
water purveyors, wastewater dischargers, and flood control agencies.   

The Surface Water Ambient Monitoring Program (SWAMP) is a relatively new 
statewide program (Water Code Section 13192).  The purpose of SWAMP is to 
create an effective surface water quality ambient monitoring program for all of 
California’s surface waters to ensure that water quality is comprehensively 
measured to protect beneficial uses and to evaluate protection and restoration 
efforts.  The program also intends to capture monitoring information collected 
under other State and RWQCB programs, such as the State’s TMDL, Nonpoint 
Source, and Watershed Project Support programs.   

All State-funded projects that include a surface water monitoring component are 
required to develop and implement a SWAMP Quality Assurance Plan approved 
by the RWQCB as a condition of funding.  This is a strategy to (1) implement 
this requirement, and (2) voluntarily adhere to and implement SWAMP Quality 
Assurance standards and protocols whenever possible for surface water quality 
monitoring in the Upper SAR watershed.  Note that this does not include projects 
that include effluent or discharge monitoring, which is covered under National 
Pollutant Discharge Elimination System permits and Waste Discharge 
Requirements.  The guidelines for preparation of such a plan, the Quality 
Assurance Project Plan, can be found at 
http://www.swrcb.ca.gov/swamp/qapp.html.    
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4.2.3 Ecosystem Restoration and Environmental 
Improvement Objective 
Protecting and restoring, where possible, the ecological functions of the 
watershed is an objective for the region.  This IRWM Plan provides a framework 
for the integration and coordination of ecosystem and environmental 
improvement strategies relating to flood management, recreation and public 
access, and land use planning.  The purpose of this framework is to enable 
stakeholders to coordinate and advance strategies to improve the ecological 
health of the watershed and, in the process, improve public awareness, access, 
stewardship, and enjoyment of this region’s most valued water resources. 

This section begins with a definition and description of Ecosystem Restoration 
and Environment Improvement followed by three broad strategies to achieve this 
objective.  The role of watershed stakeholders and the importance of 
collaboration to achieve this objective are also described.  The section concludes 
with a more detailed explanation of the strategies and the projects to implement 
them.   

Restoration means the reestablishment of structure and function of the Santa Ana 
watershed ecosystems.  The restoration process is used to reestablish the general 
structure, function, dynamic, and self-sustaining behavior of the ecosystem.  As 
this is accomplished, the natural biological attributes of the system return, such as 
native plants, fish, birds, and other wildlife, which enriches the quality of life for 
everyone.   

It is not possible, nor would it be desirable, to restore the Upper SAR watershed 
ecosystem to a pre-disturbance condition.  Human activity and use of the 
landscape has precluded many options and has altered natural ecosystem 
processes; for example, vegetation is changed and hardscape increased.  A return 
to a more natural, self-sustaining system, however, can lower infrastructure costs, 
raise property values, and reconnect people with the natural wildland beauty of 
the Santa Ana watershed. 

Many stakeholders, such as federal and state resource agencies; regional, county, 
and city governments; public and private non-governmental organizations; and 
the public, are actively engaged in Ecosystem Restoration and Environment 
Enhancement projects.  Accordingly, the strategies described in the IRWM Plan 
are intended to serve as a framework for the integration and coordination of the 
projects to be performed by stakeholders.  The foundation of this framework is 
collaboration.  Through increasing collaboration, stakeholders are able to more 
effectively integrate and coordinate their resources to protect, restore, and 
enhance the environment; institute land use policies that protect the watershed 
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values; and establish and maintain public access to open space, parks, trails, and 
other recreational amenities.   

While the focus of these strategies is the Upper SAR watershed, it is recognized 
that all stakeholders within the watershed are linked to one another and to State 
and national resource management priorities.  Accordingly, the Ecosystem 
Restoration and Environment Enhancement strategies described in this plan are 
intended to be consistent with broader watershed plans and strategies, such as the 
strategies described in the “Santa Ana Watershed Project Authority (SAWPA) 
Integrated Watershed Plan, 2005 Update,” and the “2002 SAWPA Integrated 
Watershed Plan, Volume 2:  Environmental and Wetlands Component.”  

The strategies for Ecosystem Restoration and Environment Improvement are (1) 
Habitat Protection, Restoration, and Enhancement; (2) Land Use Planning; and 
(3) Recreation and Public Access.  Taken together, these strategies will enable 
stakeholders to advance the objective of ecosystem restoration and environment 
improvement.  These strategies will also provide other benefits to the watershed, 
such as improved water quality, increased water supply, increased dry-year water 
supply reliability, increased groundwater storage, improved flood control and 
stormwater management, and greater public education and awareness that is 
critical for the long-term stewardship of the watershed.   

4.2.3.1 Habitat Protection, Restoration, and Enhancement Strategy 

The Upper SAR watershed is home to 
extraordinary natural resources.  The headwaters 
of the watershed are located in the San 
Bernardino National Forest.  The San 
Bernardino Valley is home to six unique habitat 
types, six state endangered species, 13 federally 
endangered or threatened species, and over 53 
species of special concern.  Riparian corridors 
thread through the watershed and provide 
important habitat. 

This strategy reflects the value of the 
watershed’s natural resources.  It addresses the 
economic benefits of natural systems; for 
example, the use of erosion control measures to 
reduce sediment loading and thereby improve 
water quality.  It also strives to reduce conflict 
associated with human activity.   

The San Bernardino National Forest is home to 
extraordinary natural resources. 

This strategy addresses policy, planning, projects, and project initiatives to 
protect, restore, and enhance Upper SAR watershed habitats.  These initiatives 
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are organized into three categories of projects:  (1) Land Management and 
Habitat Conservation Planning Projects, (2) Habitat Improvement and 
Environmental Enhancement Projects, and (3) Non-Native Plant Removal 
Projects. 

4.2.3.1.1 Land Management and Habitat Conservation Planning Projects 

Land Management and Habitat Conservation Planning projects are policy and 
planning initiatives that recognize that wildlife habitat is often in direct 
competition with other land uses and strive to resolve these conflicts in a manner 
that protects and enhances the ecosystem value of the Upper SAR watershed as 
habitat for sensitive, threatened, and endangered species.   

4.2.3.1.2 Habitat Improvement and Environmental Enhancement Projects 

The second category of projects—Habitat Improvement and Environmental 
Enhancement Projects—are projects to improve habitat and enhance the 
environment.  These are multi-faceted projects that range from property 
acquisition and construction of facilities, to oversight monitoring, maintenance of 
land and facilities, public education, and outreach.  The benefits of these projects 
include ecosystem restoration, flood and stormwater management, water quality 
improvement, public access and recreation, and public outreach and education.   

An example of an existing Habitat Improvement and Environmental 
Enhancement project is the Bear Creek Fishery Project.  Located in the San 
Bernardino National Forest, this project was implemented to sustain the aquatic 
health of Bear Creek.  Big Bear Municipal administers this program, which 
consists of monitoring and managing carefully controlled releases of water to the 
creek from Big Bear Lake.  An example of a partially completed project is the 
145-acre wildlife preserve, the Stanfield Marsh.  This project, when completed, 
will restore and enhance habitat for aquatic species, wetland species, wildlife to 
include wintering and breeding waterfowl, wintering bald eagles, osprey, and 
summer residents, and potentially nesting pelicans.  An example of a new project 
initiative is the Lytle Creek Watershed Assessment and Restoration Project.  This 
is a proposed, multi-purpose program to advance ecosystem restoration and 
improve water quality and local water supply reliability.  It also includes public 
outreach and education, addressing wildfire prevention, non-point pollution 
prevention, and public outreach targeted to Lytle Creek recreational users. 
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Upper Santa Ana River Wash Land Management and Habitat Conservation 
Plan (Project) – Historically, the Santa Ana River Wash was a natural floodplain 
and alluvial fan that provided a place to convey frequent devastating flood waters 
depositing sediment percolate surface water to the groundwater basin, providing 
a significant source of water supply for the Upper SAR watershed.  It is also 
habitat for a variety of sensitive, threatened, and endangered species.  Its 
ecosystem value has become more apparent due to several factors, including the 
decrease in this type of habitat throughout Southern California.   

The proposed project is Land Management, Mining and Reclamation, Water 
Management and Conservation, and Habitat Conservation Plan for the Upper 
Santa Ana River Wash Area.  The plan is being prepared under the guidance and 
direction of many stakeholders, with the SBVWCD serving as lead agency.  The 
plan area encompasses approximately 4,500 acres and is generally bounded by 
the SAR on the south, Alabama Street on the west, Plunge Creek and Green Spot 
Road on the north, and Mill Creek on the east.   

When completed, the plan would directly contribute to all three strategies for 
ecosystem restoration and environmental improvement presented in this IWRM 
Plan:  (1) habitat protection, restoration, and enhancement; (2) land use planning; 
and (3) recreation and public access.  Habitat preservation would be strategically 
located in large inter-connected areas with intact natural habitat.  A trails system 
would be maintained, expanded, and improved.  Water conservation 
(groundwater recharge) and flood control activities will continue in areas 
historically utilized for these activities.  Through land use planning and land 
exchanges, it would confine and minimize mining activities to one area on land 
currently disturbed by mining or land adjacent to disturbed areas.   

San Bernardino National Forest Watershed Management Planning – The 
upper reaches of the Santa Ana watershed are located in the San Bernardino 
National Forest.  The San Bernardino National Forest is one of 18 national 
forests in California, collectively referred to as Region 5 of the United States 
Forest Service (USFS).  In 1981, Region 5 entered into a Management Area 
Agreement with the SWRCB pursuant to Clean Water Act Section 208.  This 
agreement designates Region 5 as the Water Quality Management Agency 
(WQMA) for the San Bernardino National Forest.   

As the WQMA, Region 5 is responsible for the proper installation, operation, and 
maintenance of State- and EPA-approved BMPs in the San Bernardino National 
Forest.  Region 5 is tasked with the responsibility of (1) correcting water quality 
problems in National Forests; (2) perpetually implementing BMPs; and (3) 
carrying out identified processes for improving or developing BMPs.  In the 
Upper SAR watershed, the San Bernardino National Forest works conjunctively 
with the RWQCB on water quality issues such as TMDLs. 
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Currently, Region 5 is working with the State and RWQCBs to re-certify the 
Management Area Agreements pursuant to recent changes in State law, such as 
the new Nonpoint Source Implementation and Enforcement Policy.  The process 
of revising the WQMP and Management Area Agreements will be a joint 
SWRCB and Region 5 effort.  This will be a collaborative effort to develop a 
plan that identifies, prioritizes, and annually updates site-specific issues.  In 
addition to re-certification of the Management Area Agreements, the San 
Bernardino National Forest (SBNF) will be implementing its 2006 Forest Plan.  
The Forest Plan describes the strategic direction at the broad program-level for 
managing the SBNF, including watershed management initiatives over the next 
10 to 15 years.   

Water Resources Institute Watershed Management Internship Program 
(Project) – Local governments in the Upper SAR watershed are facing major 
challenges with water quality, stormwater runoff, flood damage liability, and 
concerns about whether there will be enough water for new development.  The 
long-term protection and management of the watershed will require the 
development and training of a new generation of water resources professionals.      

The WRI- CSUSB is collaborating with the Natural Resource Conservation 
Service, SAWPA, local resource conservation districts, and other watershed 
groups to provide multi-disciplinary internships on watershed management 
projects related to increasing population, changing land use patterns, and 
expanding urbanization in the Santa Ana watershed.  This program is funded by 
the United States Department of Agriculture.  Under this program, up to 30 
under-represented students will be selected for paid internships to conduct 
scientific research on real-world problems in the Santa Ana watershed.  This 
program will also train students in the latest Internet-based information-sharing 
systems.   

Lytle Creek Watershed Assessment and Restoration Project – Lytle Creek is 
an impaired stream on the 303(d) list with an existing pathogen impact.  Because 
of increasing visitor traffic and recreational use, the condition of Lytle Creek will 
become worse if corrective actions are not taken.   

The Lytle Creek Watershed Assessment and Restoration Project is a multi-
faceted program to advance ecosystem restoration and improve water quality and 
local water supply reliability.  Program elements include a water quality 
assessment and a biological assessment.  The program includes bilingual 
(English and Spanish) public outreach and education and addressing wildfire 
prevention and non-point pollution prevention.  Public outreach will be targeted 
to Lytle Creek recreational users.  This program is sponsored by the WRI-
CSUSB.   
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4.2.3.1.3 Non-Native (Arundo donax) Plant Removal 
Maintenance Project  

The third and final project category under this 
strategy is Non-Native Plant Removal Projects.  The 
removal of non-native plants is a specific type of 
habitat restoration—for example, Giant Reed or 
Arundo donax consumes large amounts of water and 
clogs up streams and waterways.  Because Arundo 
donax spreads so rapidly, it pushes out native 
vegetation and the species that inhabit it.  These 
Non-Native Plant Removal projects remove non-
native plants and maintain such areas in order to 
restore native habitats and maintain the quality of 
restored habitat. Non-native plants can drive out native vegetation 

and species. A number of projects to remove non-native plants, 
especially Arundo donax, or giant reed, in order to 
restore and maintain native habitats have been 
implemented in the Upper SAR watershed.  Some projects are located in 
environmentally sensitive areas; for example, along important biological 
corridors that are habitat for threatened and endangered species.  Projects require 
continued vegetation management to maintain restored habitats and monitoring 
to prevent the establishment of invasive weed species.  Many of these areas 
where removal has been successful, such as the least Bell’s vireo, provide 
important habitat for federal- and State-listed species. 

The Inland Empire Resource Conservation District (IERCD), together with Santa 
Ana Watershed Association (SAWA), removed approximately 2,800 acres of 
Arundo donax within the Upper SAR watershed.  Arundo donax removal and 
maintenance is imperative with regards to water resources quantity and quality.  
An acre of Arundo donax is estimated to consume three times more water than an 
acre of native vegetation within the Santa Ana watershed.  If the Arundo donax is 
not managed, it would result in reduced streamflow, reduced groundwater 
recharge, reduced availability of water for native species, and eventual 
replacement of native riparian vegetation with Arundo donax.  Native species 
naturally hang over rivers and streams, creating shade and keeping water 
temperatures lower.  Streams infested with Arundo donax have little shade, 
which raises water temperature and changes water chemistry.  These changes, 
due to increased sunlight, promote algal growth and raise pH.   

Past invasive species removal efforts have been very successful.  Eradication 
contracts have included the initial physical removal of the non-native plants with 
hand tools or machinery followed by five years of monitoring and spraying with 
EPA-approved herbicide.  IERCD wants to ensure these areas remain free of 
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Arundo donax in perpetuity and proposes to monitor and maintain these removal 
project areas to ensure re-infestation does not occur.  Arundo donax removal 
maintenance will assist in accomplishing the following objectives:  improve 
surface water and groundwater management, protect water quality, improve 
water supply reliability, and restore and sustain riparian ecosystems.   

City of San Bernardino Warm Creek Restoration Project – The proposed 
project consists of restoration activities along Warm Creek in the City of San 
Bernardino.  This area consists of approximately three acres of a highly degraded 
stream channel that runs through private property.  Typically, Warm Creek has 
contained mostly 100 percent invasive non-native vegetation, including Arundo 
donax.   

In the spring of 2006, the project sponsor, the IERCD, obtained landowner 
approval to remove invasive species, including Arundo donax and castor bean, 
and substantial work has been completed.  To complete the restoration and 
rehabilitation of this urban stream, IERCD will continue to remove additional 
invasive species such as Mexican fan palm (Washingtonia robusta) and Date 
palm (Phoenix canariensis), and actively re-vegetate the riparian areas with 
native species like Mulefat (Baccharis salicifoli) and willow.   

Restoring Warm Creek in the City of San Bernardino will allow for the return of 
native riparian habitat in this highly urban and economically disadvantaged area.  
In addition, this restoration will save water, increase streamflow, improve 
instream flow timing, and improve water quality.  Restoring native riparian 
habitat to Warm Creek will also allow for native plant and animal species to 
occupy the area.  The riparian zone may support threatened, endangered, or 
migratory birds, fish, or other aquatic species.   

Stanfield Marsh Wetlands Habitat Restoration Project – Stanfield Marsh is 
habitat for numerous wet meadow species; the southern Bald Eagle and its 
roosting, perching, and foraging sites; thousands of wintering waterfowl; 
numerous breeding waterfowl and upland birds in summer; and a large 
population of white pelicans.  It is also considered the most amenable valley in 
the Big Bear Lake watershed for ecological enhancement, sensitive land 
acquisition, education, recreation, and scenic beauty. 

The habitat value of the marsh was reduced as the result of construction of 
Stanfield Cutoff, a causeway (land bridge) built during the 1920s that largely 
separated the marsh from Big Bear Lake.  The history of this site, the presence of 
wetland species, and hydrologic conditions make this an exceptional site for 
wetland enhancement.  Partial wetlands enhancement has been completed.   
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The proposed project, when completed, would maintain a more consistently wet 
marsh area and a permanent wet habitat.  When needed, for example, during dry 
periods, up to several hundred gallons of water per minute would be pumped 
from Big Bear Lake to the marsh.  Pumped water not consumptively used in the 
marsh would return to the lake through the culverts under Stanfield Cutoff, with 
lower nutrient concentration and higher dissolved oxygen concentration.  In 
addition to improving habitat and restoring wetlands, this project would improve 
lake water quality by reducing nutrients and increasing dissolved oxygen.  It 
would also provide numerous public education and public outreach benefits in 
conjunction with other programs administered by the project sponsor, Big Bear 
Municipal. 

4.2.3.2 Land Use Planning Strategy 

Land use in the Upper SAR watershed is regulated by county and city 
government General Plans and Zoning Ordinances.  Within the San Bernardino 
National Forest, land use planning is guided by the Forest Service Land 
Management Plan.   

The Upper SAR watershed is one of the fastest growing regions in the United 
States.  Substantial new development is forecast for the Upper SAR watershed.  
Stakeholders are taking into consideration the impacts of growth, such as the 
potential loss of open space and increase in impervious surfaces such as roads 
and buildings, and are exploring strategies to efficiently manage land and water 
resources.   

This strategy addresses water resource-efficient land use principles and 
stewardship actions that can be implemented by local governments and other 
watershed stakeholders to protect and restore, where possible, the ecological 
functions of the watershed as well as improve the reliability and quality of the 
region’s water resources.  An example is the Ahwahnee Water Principles for 
Resource Efficient Land Use (Principles) developed by the Local Government 
Commission to improve the stewardship of local water resources.   

The Principles encourage the identification of natural resources in the watershed, 
such as wetlands, floodplains, recharge zones, open space, and native habitat, to 
preserve and protect as many valued assets as possible to augment flood 
protection, improve water quality, recharge groundwater, restore habitat, and 
sustain overall long-term water resources.  For example, as development occurs, 
its impact to the watershed would be mitigated, in part, by incorporating water 
holding areas such as creek beds, recessed athletic fields, ponds, cisterns, and 
other features that allow for natural groundwater recharge, reduce stormwater 
runoff, and decrease local flooding. 
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The Principles seek to reduce water demand through water conservation 
measures and efficient land use practices.  For example, all aspects of 
landscaping, from the selection of plants to soil preparation and the installation of 
irrigation systems, are addressed to reduce water demand, retain runoff, decrease 
flooding, and allow for groundwater recharge.  Impervious surfaces such as 
driveways, streets, and parking lots are minimized so that land is available to 
absorb (recharge) stormwater and reduce polluted urban runoff.  Dual plumbing 
that allows grey water from showers, sinks, and washers to be reused for 
landscape irrigation is included in the infrastructure for new development.  The 
Principles advocate maximum use of recycled water for appropriate applications, 
including outdoor irrigation, toilet flushing, and commercial and industrial 
processes.  Urban water conservation technologies such as low-flow toilets, 
efficient clothes washers, and more efficient water-using industrial equipment are 
encouraged to be incorporated in all new construction and retrofitted in 
remodeled buildings.   

The Principles also encourage the preservation of water supplies and water 
quality by promoting growth in the form of compact, mixed-use, transit-oriented 
development.   

4.2.3.2.1 Inland Empire Sustainable Watershed Program Project 

The Inland Empire Sustainable Watershed Program is a multi-faceted program to 
inform and empower local communities to become effective watershed stewards 
to re-establish sustainable ecological function in the Upper SAR watershed.  The 
program builds regional capacity for community-based watershed management 
by reaching out to residents, including children, municipalities, water districts, 
resource agencies, businesses, land developers, and other stakeholders that 
impact watershed function in their daily activities.  California Resource 
Connection serves as the program manager.  This is a CALFED watershed-
funded program that began in December 2006 and will be completed in 
December 2008.  The program activities summarized below will support IWRM 
Plan Ecosystem Restoration and Environment Improvement. 

Upper Santa Ana River Watershed Management Opportunities Atlas and Green 
Map – This is a public outreach and education tool that attractively identifies 
watershed assets for community stakeholders to visualize open spaces serving 
areas for groundwater recharge, sensitive habitat needing to be protected, 
impaired waterways needing to be restored, that trails systems and parks can 
green the urban landscape, and water management facilities bringing water 
supplies to homes and businesses.   

Model Ordinance Program – This program is assessing regulations in the 
municipal code and development codes in the Upper SAR watershed that prevent 
the implementation of the resource-efficient land use practices, such as the 
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Ahwahnee Water Principles for Resource Efficient Land Use, that were 
developed by the Local Government Commission with funding from the 
SWRCB.  Model Ordinances will be drafted for local adoption in a form that 
cities or the county can use in a manner that best fits local conditions.   

Green Development Initiative – This is an educational forum for developers, land 
use planners, architects/engineers, and nurseries in the Upper SAR watershed to 
promote “green” development practices during this period of rapid development.   

Watershed U-Inland Empire – This is an educational program with forums on 
topics such as ecosystem function, urban greening and design, water-efficient 
landscaping, and local restoration projects to encourage the public to live and 
work with fewer impacts on the watershed and to get involved in local projects.   

Think River! – This is a hands-on watershed education program for teachers and 
youth on water sustainability, water quality, geology, plants and wildlife, and 
other environmental science topics relevant to the Upper SAR watershed. 

4.2.3.2.2 LIDS for KIDS (Low Impact Development for a Healthy Watershed) 
Project 

Urban development in the Upper Santa Ana Region has increased impermeable 
surface acreage and, as a result, increased the amount of stormwater runoff.  This 
stormwater runoff collects and carries pollutants that decrease the quality of 
water.  The land use planning process can utilize the standards described in “Low 
Impact Development Design Strategies – An Integrated Design Approach” 
prepared by the Department of Environmental Resources, June 1999, and other 
sources to reduce the amount of permeable surface, reduce ecosystem impacts, 
and improve water quality. 

The Lids for Kids project is a public demonstration and public outreach project 
that will assist with retrofitting existing structures and educating key 
stakeholders, such as land developers and homebuilders who design and build in 
the Upper SAR watershed.  The project sponsor, IERCD, has been conducting 
public outreach within the Upper SAR watershed for many years.  The objectives 
of this project are to improve stormwater management practices, encourage 
environmentally sensitive development practices, reduce construction and 
maintenance costs associated with the current stormwater control methods, 
encourage the public to utilize low-impact development methods, and increase 
“green zones” for wildlife and people of the region. 

4.2.3.2.3 Low Impact Development Guidance and Training Project for Southern 
California 

San Bernardino County’s Low Impact Development (LID) Guidance and 
Training Project for Southern California is aimed at facilitating the incorporation 
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of LID into National Pollutant Discharge Elimination System (NPDES) and 
TMDL programs at the local government level.  LID employs construction, 
design, and landscape architecture features that reduce hydro-modification and, 
in turn, the water pollution caused by stormwater discharges.  A Request for 
Qualifications (RFQ) was issued to compete for a multi-year project that will 
create a database of performance results for various BMPs by measuring and 
monitoring the effectiveness of these features at actual LID projects that have 
been constructed in Southern California.   

The project is sponsored by the SBCFCD in cooperation with the Stormwater 
Monitoring Coalition made up of the three Southern California RWQCBs (Los 
Angeles, Santa Ana, San Diego), the SWRCB, the municipal permittees (the 
County of Ventura, Los Angeles, San Bernardino, Riverside, Orange, and San 
Diego), Heal the Bay, and the Southern California Coastal Water Research 
Project (SCCWRP). 

The project will evaluate a LID pilot site with a combination of BMPs to identify 
the BMPs to integrate LID into existing design, construction, and maintenance 
programs.  The project will develop a model program for localities in California 
that are interested in adopting LID strategies and techniques.  It will produce a 
manual and provide training to local government and private planners to balance 
the needs of development while addressing the environmental concerns 
associated with urban runoff.  Materials developed for the project will provide a 
foundation and benchmarks for local governments to incorporate LID techniques 
into their site design and construction and post-construction BMP design process.   

4.2.3.2.4 Alluvial Fan Task Force 

DWR is utilizing the knowledge and expertise of the WRI-CSUSB to coordinate 
the activities of an Alluvial Fan Task Force.  Alluvial fans are prevalent 
throughout Southern California where alluvial fan flooding has occurred.  The 
principle hazards associated with alluvial fan flooding at the base of mountain 
bases are high-velocity, debris-laden flows resulting from a series of storms, 
particularly following wildfires common in semi-arid regions.  Alluvial fans are 
most prevalent in San Bernardino, Riverside, Los Angeles, Ventura, Santa 
Barbara, San Luis Obispo, Kern, Orange, Imperial, and San Diego Counties.   

The task force will be comprised of stakeholders in areas affected by rapid 
growth on alluvial fans with broad representation from developers, elected 
officials, flood control districts, stormwater managers, water suppliers, water 
quality regulators, Native Americans, and the environmental community.  The 
members of the Alluvial Fan Task Force are charged by the Legislature with 
reviewing the state of knowledge of alluvial fan flooding and developing a Model 
Ordinance that will reduce long-term flood damages on alluvial fans and provide 
land use guidelines for sustainable development on alluvial fans.  The ordinance 
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will be developed collaboratively by the members of the proposed task force, 
under the guidance of a professional facilitator, and is intended for voluntary 
adoption by local governments.  The findings of the proposed Alluvial Fan Task 
Force will be reported to the Legislature.   

Funding for the task force was provided by FEMA under the Pre-Mitigation 
Disaster Planning Grant Program with a 25 percent match from DWR Division of 
Flood Management. 

4.2.3.2.5 WRI Watershed Management Internship Program 

The WRI-CSUSB is collaborating with the Natural Resource Conservation 
Service (Redlands office), SAWPA, local resource conservation districts, and 
other watershed groups to provide multi-disciplinary internships on watershed 
management-related projects regarding increasing population, changing land use 
patterns, and expanding urbanization in the Santa Ana watershed. 

Funded by the United States Department of Agriculture, the project will select up 
to 30 underrepresented students for paid internships to conduct scientific research 
in the Santa Ana watershed on real-world problems and trains students in the 
latest Internet-based information sharing systems.   

4.2.3.4 Recreation and Public Access Strategy 

This is a strategy to maintain and create new opportunities for 
the public to enjoy the area’s waterways and other recreational 
amenities; enhance the watershed’s natural features; and 
ensure access to the region’s wetlands, lakes, and streams.  In 
anticipation of further growth in the region, this strategy 
reflects the need for a balance between growth of urban areas 
and the environment to maintain a viable habitat for native 
plant and wildlife species, and to maintain a high quality of 
life for watershed residents and visitors.  An effective means 
of establishing this balance is the development of open space 
corridors that allow for multiple species habitat, wetlands, 
storm flow capture and aquifer recharge, water quality 
improvements, and passive and active recreational facilities 
and open spaces. 

When completed, the Santa Ana River 
Trail System will extend from Huntington 
Beach to the crest of the San Bernardino 
Mountains. 

The development of the Santa Ana River Trail System (SART) 
trail tread and the integration of the trail tread with other (federal, state, regional, 
and local) planning initiatives is the backbone of this strategy.  The SART is a 
110-mile walking/biking/recreational trail system along the SAR.  When 
completed, the trail will extend from the ocean in the City of Huntington Beach 
to the Crest of the San Bernardino Mountains.  It will connect the many trails, 
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recreation, and open space amenities into one cohesive park and trail system.  At 
the trailhead in the San Bernardino Mountains it will connect to the USFS system 
of trails and to the Pacific Crest Trail. 

Because SART involves many different governmental agencies and would cross 
many different landowners and water management facilities, it is critical that it 
be fully integrated with related plans.  For example, SART is being planned in 
coordination with the Upper Santa Ana Wash Habitat Conservation Plan and the 
land use planning of the Cities of Highland and Redlands and the County of San 
Bernardino.  Through this coordinated approach, the development of SART will 
advance multiple species habitat, wetlands, storm flow capture and groundwater 
recharge, water quality improvements, and passive and active recreational open 
spaces. 

In the Upper SAR watershed, the SART will traverse a total of approximately 
26 miles, the first eight miles of which are completed.  This segment is located 
entirely in Riverside County beginning at Riverside Narrows and ending at the 
San Bernardino County line.   

In San Bernardino County, the SART will traverse approximately 18 miles, 
primarily along the south levee of the river.  A master plan for the SART was 
approved by the San Bernardino County Board of Supervisors in July 1990, and 
two initial phases of trail construction, a total of 6.7 miles, are completed.  
Planning, design, and permitting are currently underway for the final two phases 
of the SART, described below. 

SART Phase III Project – SART Phase III is a 3.5-mile segment of the SART 
that will extend from Waterman Avenue in the City of San Bernardino to 
California Street in the City of Redlands.  The trail tread width will be 18 feet, 
made up of 10 to 12 feet of asphalt and 6 to 8 feet of non-paved shoulder.  The 
trail tread will be designed to Caltrans standards.  The sponsor of this project is 
the County of San Bernardino Parks Department. 

SART Phase IV Project – SART Phase IV is the final 7.8-mile segment of the 
SART system trail tread that will extend from California Street in the City of 
Redlands to Greenspot Road in the community of Mentone.  The trail tread width 
will be 18 feet, made up of 10 to 12 feet of asphalt and 6 to 8 feet of non-paved 
shoulder.  The trail tread will be designed to Caltrans standards.  The sponsor of 
this project is the County of San Bernardino Parks Department. 



5 Integrated Regional Water Management 
Plan Implementation 

5.1 Integration of Water Management Strategies  
Regional planning is a process in which regional agencies and stakeholders come 
together to develop a plan that serves the individual agencies involved as well as 
serving the region as a whole.  Regional planning promotes sharing of resources 
and facilities and implementation of strategies that have benefits for multiple 
agencies. 

Integrated planning encourages broad investigation of the interrelated strategies 
and implementation of projects that provide multiple benefits and serve a wide 
range of strategies.  The investigation is designed to help develop water 
management strategies that contribute to achievement of multiple objectives.  
Integrated regional water management planning brings various water interests, 
stakeholders, and institutions together to plan for future management and use of 
resources in a large geographic area (Figure 5-1).  With the above concept in 
mind, the Upper Santa Ana River Watershed Integrated Regional Water 
Management Plan (IRWM Plan) has been developed to prepare a road map for 
management of the water resources in the region.  The Technical Advisory 
Group (TAG) recognized from the beginning that management of groundwater 
resources, surface supplies, stormwater, and imported water are inseparable and 
intrinsically interrelated.  It is also recognized that water quality plays a critical 
role in management of groundwater basins and groundwater conjunctive use 
implementation. 

During the planning process, interrelated water management strategies are 
identified and planned so that they work together in an integrated fashion.  Some 
examples of such integrated planning are discussed below. 
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Figure 5-1 
Integrated Regional Water Management Planning 

 
5.1.1 Integration of Surface Water and Groundwater Resources 

Strategies 

Today, groundwater provides 79 percent of the water supply to the region and 
groundwater basins are used for water storage to regulate the highly variable 
local surface water and imported supplies.  In order to continue to regulate the 
highly variable surface water in the region, surface water and groundwater 
resources must be integrated and optimized.  When surface water is available it 
should be used for recharge as well as direct use.  In addition, the region should 
work to limit the amount of high flows that go to the ocean in any given year.  
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These goals can be achieved through integration of surface water and 
groundwater. 

5.1.2 Integration of Stormwater Management, Flood Management, 
Water Supply Reliability, and Surface and Groundwater 
Quality 

Flood and
StormWater
Management

Good quality SAR flood flows are
used for recharge, improving

groundwater quality.

Spreading grounds
can improve habitat

and help remove
contaminants and

sediment.

Manage flood
flows and reduce
flood damages.

Urban run-off
contaminants
are contained,
improving
surface water
quality.

Flood water
is used for
recharge to
enhance
water supply
reliability.

Integration of Water Management and 
Flood Management Strategies in the Upper 
Santa Ana River Watershed

The Upper Santa Ana River (SAR) Watershed is heavily developed.  Housing, 
industrial, and commercial development, roads, and other urban 

infrastructure have replaced natural vegetation, which has 
reduced soil absorption capacity, reduced 

groundwater recharge, and increased urban runoff.  
Stormwater can cause flood damage and can 

carry sediment and urban pollutants into 
streams.  Although stormwater can cause 
flooding, with proper management it could 
provide a source of water supply to this 
arid region.  Improvement in the 
management of stormwater can help the 
region achieve multiple objectives while 
integrating a number of strategies in the 

Upper Santa Ana Region.  Generally 
speaking, stormwater is captured and 

conveyed to detention basins to reduce peak 
flood flows and reduce flood damage.  However, 

these detention basins can also be designed to settle 
the suspended sediment and pollutants out of the water, 

increase groundwater recharge, and possibly 
provide wildlife habitat.  Use of stormwater for 
groundwater recharge and use of flood control 
detention basins for groundwater recharge during 

the non-flood seasons are strategies that have been used within the region and 
should be further enhanced to improve water supply reliability and groundwater 
quality in the Upper Santa Ana Region. 

5.1.3 Integration of Water Supply Reliability and Water Quality 
Strategies 

Contamination plumes present a challenge and constraint for management and 
use of groundwater resources.  An integrated approach has been taken to clean 
the plumes, which will eventually remove them as a constraint and improve 
water supply reliability for water users in the region.  The Bunker Hill Basin 
Regional Water Supply Project is an example of a project that seeks to speed the 
cleanup of a contamination plume by pumping and treating water from the 
“heart” of the plume.  This type of strategy can expedite the clean-up process and 
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facilitate conjunctive use of the basins while providing reliable water supplies for 
the water purveyors. 

5.1.4 Integration of Imported Water and Local Water Supplies 
Strategies 

The region has a significant public investment in and is dependent upon imported 
water to meet the region’s water needs into the future.  However, the State Water 
Project (SWP) can be unreliable.  To improve the reliability of SWP water 
supply, the region should take delivery of its entire Table A amount each year 
and store any “leftover” amount that is not used directly by the local water 
agencies.  The water could be stored within local groundwater basins or in a 
“water bank.”  By storing as much SWP water as possible during “wet” years, the 
region will have that water available during drought periods.  
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5.2 Projects Identified for IRWM Plan Implementation 
To implement the water management strategies identified in this plan, over 100 
projects have been proposed.  Project descriptions have been developed for these 
projects and are presented in Appendix E.   

The focus of these projects is driven by the Water Management Objectives as 
well as Basin Management Objectives (BMOs) formulated during the planning 
process.  These objectives include improving surface water and groundwater 
management, water supply reliability, water quality protection, ecosystem 
improvement, and environmental enhancement. 

Some of the projects were taken from previous planning efforts such as the San 
Bernardino Valley Municipal Water District’s (Valley District) Master Plan.  The 
list also includes projects that will allow the region to capture and use SAR 
floodwater.  The City of San Bernardino, the largest pumper in the Bunker Hill 
Basin and the key local agency with responsibility for mitigation of groundwater 
contamination, is the lead agency for the Bunker Hill Regional Water Supply 
Project, which involves several other agencies.  Projects included in previous 
Santa Ana Watershed Project Authority (SAWPA) planning studies and Urban 
Water Management Plans (UWMPs) were also evaluated to identify specific 
projects that could achieve the objectives of the region and are incorporated into 
the plan. 

In a series of TAG meetings starting in March 2006 and continuing through 
2007, the TAG members reviewed the list of projects and provided additional 
input.  Water agencies within the area that are not part of the TAG were also 
encouraged to participate in development of the list.  Most of these projects are 
integrated and serve multiple strategies.  Together, these projects help develop a 
regional system that would integrate the use of groundwater, SWP water of the 
State of California (State) contractors in the region, flood and stormwater, and 
local surface water to meet the Water Management Objectives.   

5.2.1 Project Prioritization and Screening Process 

The primary purpose of project prioritization and ranking is to provide a process 
for water leaders in the region to review the proposed projects and collectively 
decide the region’s priorities for the construction of facilities.  To facilitate this 
task, a prioritization and ranking process was developed and is presented in 
Figure 5-2.  The project prioritization and ranking is a two-step process.  The first 
step is to ensure that the project has a sponsor and meets the planning objectives 
and strategies.  The projects that do not pass the first step will be ranked as Tier 3 
projects until additional information is gathered that would suggest that it have a 
higher priority.  The second step is to prioritize the projects that pass the first 
step.  It is important to note that project ranking and prioritization is a  
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Figure 5-2 
Planning Process for Project Screening and Ranking 

Tier 3 ProjectsTier 2 Projects

YES

YES

Evaluate and assess
if project is feasible

(prefeasibility evaluation)

Does the project have a sponsor?

Does the project have the support
of stakeholders?

Does the project meet plan
objectives?

Is the project ready for implementation?
Programs/studies: work plan and
budget
Projects: feasibility studies, cost
estimates, and EIR schedule

•

•

Tier 1a Projects Tier 1b Projects

YES

YES

NO

NO

NO

NO

NO

Does the Project provide
a regional benefit?

YES

YES

YES NO

NO

Is the required local funding available?
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“snapshot in time” and that projects will move from tier to tier as they meet the 
criteria requirements. 

5.2.1.1 Definitions 

5.1.2.1.1 Tier 1 Projects 

Tier 1a and 1b projects are currently ready for construction per the following 
criteria: 

 Projects have completed or will complete environmental documentation 
and feasibility studies and cost estimates by July 1, 2008, and will be ready 
for implementation by July 1, 2009 (design will be completed). 

  Studies that are needed to improve water management in the region have 
developed a detailed scope of work and study cost estimate. 

  Projects have necessary local funding for implementation. 

  Projects serve the region and reduce regional water supply system 
vulnerability. 

The only difference between Tier 1a and Tier 1b projects is that Tier 1a projects 
are regional (serve more than three communities).  

5.1.2.1.2 Tier 2 Projects 

Tier 2 projects include those projects that may not be ready for implementation 
or do not have local funding.  Once a Tier 2 project meets all of the necessary 
criteria, it can become a Tier 1a or Tier 1b project. 

5.1.2.1.3 Tier 3 Projects  

Tier 3 projects are conceptual in nature as defined by the following: 

 Technically, economically, or financially not feasible at this time (through 
a pre-feasibility evaluation of the project). 

 Lack of local support/sponsor. 

 Inconsistent with current water management goals and objectives of the 
region. 

 Inconsistent with existing regulatory or institutional setting. 

Once a Tier 3 project meets all of the necessary criteria, it will become a Tier 2 
or Tier 1 project. 
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To prioritize and rank the project, a set of scoring criteria were developed and 
reviewed by the TAG.  The criteria were then applied to all projects to prioritize 
implementation.  A detailed description of the project ranking and scoring criteria 
is shown in Appendix E.  A list of the projects and the results of the project 
prioritization and ranking is shown in Table 5-1.  Table 5-2 shows how projects 
meet the region’s objectives and their relation to water management strategies.   

Figure 5-3 shows the locations of the proposed projects.
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54 Bunker Hill Regional Water Supply City of SB 2 1 1 0 5 0 5 5 5 5 5 34 1a

90.3 City Creek Crossing SBVMWD 0 2 0 0 5 0 5 5 5 5 5 32 1a

15
Seven Oaks Dam Borrow Pit 
Groundwater Recharge and Habitat 

Conservation 2 1 0 1 5 0 2 5 5 5 5 31 1a

12 Central Feeder: SBVMWD 1 2 0 0 5 0 2 5 5 5 5 30 1a

12.1         Central Feeder Pipeline SBVMWD See Project 12

12.3      San Bernardino Pump Station #2 SBVMWD See Project 12

1.1 Enhance Spreading SBVMWD 2 1 0 0 5 0 2 5 5 5 5 30 1a

4.0
Santa Ana River Construction Area - 
Plunge Pool Pipeline

SBVMWD 2 1 0 0 5 0 2 5 5 5 5 30 1a

80.2 Alabama Street Connector Pipeline SBVMWD 1 2 0 0 5 0 2 3 5 5 5 28 1a

80.3 Alabama Street Wellfield 555320521DWMVBS 28 1a

46
Pellesier Ranch Barrier Wells and 
Water Treatment Plant 

RPU 1 2 0 0 5 3 0 3 3 5 5 27 1a

19 Riverside-Corona Feeder WMWD 1 2 0 0 5 0 2 5 1 5 5 26 1a

12.7
Riverside Pump Station (Raub 
Emergenecy Supply Intertie)

RPU, SBVMWD, 
WMWD

1 2 0 0 3 3 0 3 3 5 5 25 1a

9 Lytle Creek and Glen Helen Turnout SBVMWD 1 2 0 0 5 0 0 5 3 3 2 21 1b

11
LIDS for Kids- Low Impact 
Development

IERCD 1 0 0 2 5 0 2 3 3 5 0 21 1b

18
San Timoteo Creek Aquatic 
Restoration

Redlands 053320521 21 1b

42 Oak Valley WRP Yucaipa Valley WD 0 2 1 0 5 0 0 5 5 1 2 21 1b

48 Muscoy Spreading Basins 005350521BS fo ytiC 21 1b

97
Erwin Lake/Sugarload Fire Flow & 
Water Transmission Improvement

BBLDWP 0 2 0 0 3 5 0 5 5 1 0 21 1b

99
Fontana Water Company Recycled 
Water Project

FWC 0355050120 21 1b

110
San Timoteo Canyon State Park 
Acquisition and Restoration Project

WRI-CSUSB 0 0 1 2 5 0 2 5 3 3 0 21 1b

118
Lytle Creek Watershed Assessment 
and Restoration

R.L.C. 0 1 1 2 5 0 2 5 5 0 0 21 1b

127
Rialto Direct Connection to State 
Water Project

Rialto 21335052 21 1b

6
Inland Empire Sustainable Watershed 
Program

IERCD 1 1 2 3 0 2 5 3 5 0 22 1b

23
Installation of Groundwater 
Monitoring Wells in Santa Ana River 

Conservation 2 0 0 0 5 0 2 5 3 5 0 22 1b

28
Tertiary Treatment Plant and 
Reclaimed Water Expansion Study

Rialto 0 2 1 0 5 0 5 3 3 3 0 22 1b

51
Groundwater Reclamation Interagency 
Project (GRIP)

City of Redlands 1 2 1 0 5 0 0 3 5 5 0 22 1b

53
Medical Center No. 2 Reservoir and 
Pump Station to Lower Zone

City of SB 0 2 0 0 3 3 5 5 3 1 0 22 1b

58
City of San Bernardino Water 
Recycling - RIX

City of SB 0 2 1 0 5 0 5 3 3 3 0 22 1b

98 Waterman-Gage Intertie RPU 1 2 0 0 5 3 0 3 3 3 2 22 1b

113
Removal of Invasive Plant 
Maintenance

IERCD 1 1 0 2 3 0 0 5 5 5 0 22 1b

124 SAR Trail - Phase III SBCPD 0 0 0 2 5 0 2 3 5 5 0 22 1b

125 SAR Trail - Phase IV SBCPD 0 0 0 2 5 0 2 3 5 5 0 22 1b

128
Characterization Study of the 
Contaminant Plume in the Rialto-

Rialto 1 2 5 0 5 3 3 1 2 22 1b

129
Groundwater Production and 
Perchlorate Removal Treatment

Rialto 2 1 5 0 5 3 3 1 2 22 1b

131
Groundwater Remediation - Capture 
High-Concentration Perchlorate 

Rialto 1 2 5 0 5 3 3 1 2 22 1b

132
Long-Term Remediation Plan for 
Rialto-Colton Basin

Rialto 1 2 5 0 5 3 3 1 2 22 1b

16 Recycled Water Program BBARWWA 0 2 1 0 5 0 0 5 5 3 2 23 1b

22 City of Beaumont WWTP City of Beaumont 0 2 1 0 5 0 0 5 5 3 2 23 1b

27
Rialto -Colton Basin Groundwater 
Recharge Study

WVWD, Rialto 2 1 0 0 5 0 5 5 5 0 0 23 1b

102
Big Bear Lake  - Lake Management 
Plan

Multiple Agencies 0 0 2 1 5 0 0 5 5 5 0 23 1b

126 North Village Water Treatment Facility WVWD 1 2 1 3 3 0 5 5 3 0 23 1b

130
Extension of the Baseline Feeder 
Agreement

Rialto 21535052 23 1b

13 Riverside North Recharge Basin RPU 2 1 1 0 5 0 0 5 5 5 0 24 1b

25 North Lake Project SBVMWD 0 2 0 1 3 5 2 3 3 5 0 24 1b

114 Warm Creek Restoration Project IERCD 1 1 0 2 3 0 2 5 5 5 0 24 1b

31 Randall Basin FCD 2 1 0 0 3 3 5 5 5 1 0 25 1b

33 Sand/Warm Confluence FCD 2 1 0 0 5 3 5 5 3 1 0 25 1b

36 West End Pump Station SBVMWD 1 2 0 0 5 0 2 5 5 5 0 25 1b

121 Alluvial Fan Development Guideline WRI-CSUSB 2 1 1 1 5 0 2 5 3 5 0 25 1b

10
Wash Land Management Habitat 
Conservation Plan

Conservation 1 1 0 2 5 0 2 5 5 5 0 26 1b

120
Water Conservation Demonstration 
Garden

SBVMWD 1 2 0 1 5 0 2 5 5 5 0 26 1b

123 Regional W. C. Feasibility Study SBVMWD 1 2 0 1 5 0 2 5 5 5 0 26 1b

8 Lytle Creek Construction Area SBVMWD 2 1 0 0 5 0 2 5 5 5 2 27 1b

119 Model Institutional WC Makeover
SBVMWD, WRI-

CSUSB
1 2 1 1 5 0 2 5 5 5 0 27 1b

29 Cactus Basins #4 and #5 FCD 2 1 1 1 5 3 5 5 5 1 0 29 1b

30 Cactus Basin #3 FCD 2 1 1 1 5 3 5 5 5 1 0 29 1b

Terms: SGM Surface Water and Groundwater Management Agencies: BBARWWA Big Bear Area Regional Wastewater Agency
taW fo tnemtrapeD ekaL raeB giBPWDLBBytilibaileR ylppuS retaWRSW.02 naht erom si erocS latoT dna 01 si tifeneB lanoigeR fI - a1 er and Power

tcirtsiD ycnavresnoC ecruoseR eripmE dnalnIDCREInoitcetorP ytilauQ retaWPQW02 naht erom si erocS latoT fI - b1
litU cilbuP edisreviR fo ytiCUPRnoitarotseR metsysocERSE12 naht ssel si erocS latoT dna 01 naht ssel si tifeneB lanoigeR fI - 2 ity Department

3 - If score for Project Commitment is 4 or less RLD Riverside Land Conservancy
SBVMWD San Bernardino Valley Municipal Water District
City of San 
Bernardino

San Bernardino Municipal Water Department

SBCPD San Bernardino County Parks Department

WRI-CSUSB

Scoring Criteria WVWD West Valley Water District

1 Meets Objectives:  Score 2 for one objective.  Add 1 point for each additional objective met. Conservation San Bernardino Valley Water Conservation District
2 Supports Strategies: Score 1 for single strategy.  Score 3 if integrated.  Score 5 if integrated and supports multiple strategi DWMW.se Western Municipal Water District
3 CWF.5 erocs ,htob rof dedeen si tcejorP  .3 erocs ,rehtie rof dedeen si tcejorP :sdeeN ycnegremE dna ytefaS cilbuP rof sedivorP  Fontana Water Company
4 Serves Disadvantaged Communities:  Provides regional benefit including disadvantaged communities, score 2.  Provides specific benefit to disadvantaged communities and addresses environmental justice concerns, 5 points.
5 Ready for Implementation:  Score 1 point for limited information. Score 3 points for a completed feasibility study or pre-design documents and a preliminary scope of work and budget estimate.

Score 5 points if environmental documentation and feasiblity study is complete and has a detailed scope of work and budget. 
6 Available Local Funds:  No funds, 0 point.  10%, 2 points.  50%, 3 points.  90% or more, 5 points.
7 Serves the Entire Region: Serves single agency, 1 point. Serves up to three agencies, 3 points.  Serves multiple communities and agencies and is a regional project, 5 points.
8 Reduces Water Supply System Vulnerability:  For single community, 2 points.  For the region, 5 points.

Reduce Water 
Supply

Vulnerability

Table 5-1
Upper Santa Ana IRWM Plan Project Ranking

tifeneB lanoigeRtnemtimmoc tcejorPssenevitceffE tcejorP

Overall Project 
Implementation

Priority
Tier

STRATEGY

Serves the 
Region

PROJECT NO
Serves

Disadvantaged
Communities

Readiness for 
Implementation

Availability of 
Local Funds

Meets IRWMP Objectives
Supports

Integration and 
Multiple Water 
Management

Strategies

Provides Public 
Safety and 
Emergency

Needs

Agency/ Project 
Sponsor

Tier 1b - Non-Regional Projects that are "Ready"

Tier 1a - Regional Projects that are "Ready"

Notes: Project readiness include completion of pre-feasibility 
study, environemental documenetation, project design, and 
expected implementation date

Tier:

Water Resources Institute - California State University San 
Bernadino
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Reduce Water 
Supply

Vulnerability

Table 5-1
Upper Santa Ana IRWM Plan Project Ranking

tifeneB lanoigeRtnemtimmoc tcejorPssenevitceffE tcejorP

Overall Project 
Implementation

Priority
Tier

STRATEGY

Serves the 
Region

PROJECT NO
Serves

Disadvantaged
Communities

Readiness for 
Implementation

Availability of 
Local Funds

Meets IRWMP Objectives
Supports

Integration and 
Multiple Water 
Management

Strategies

Provides Public 
Safety and 
Emergency

Needs

Agency/ Project 
Sponsor

45
Septic System Conversion Highgrove 
Area - Phase II

RPU 1 1 2 0 5 0 0 3 3 3 2 20 2

70.3 Yucaipa Connector SBVMWD 1 2 0 0 3 3 0 3 3 5 0 20 2

43
Riverside Regional Water Quality 
Control Plant

0 2 1 0 5 0 0 3 3 3 2 19 2

20 Regional Water Supply Renewal YVWD 0 1 2 0 5 0 0 3 3 3 0 17 2

26 City of Redlands WWTP City of Redlands 0 2 1 0 5 0 0 3 3 1 2 17 2

24
Security Fencing of Groundwater 
Recharge Facilities

Conservation 2 1 0 0 5 0 2 3 3 0 0 16 2

57
Bunker Hill Basin Water Supply 
Reliability

WVWD 1 2 0 0 5 0 0 3 3 1 0 15 2

21 Horace P. Hinckley WTP City of Redlands 0 2 1 0 3 0 0 3 3 1 0 13 2

39.1 Mentone Pipeline SBVMWD 1 2 0 0 5 0 2 1 3 5 5 24 3

39.2 Mentone Feeder SBVMWD 1 2 0 0 5 0 2 1 3 5 5 24 3

39.3
Citrus Pump Station (Mentone Pump 
Station)

SBVMWD 1 2 0 0 5 0 2 1 3 5 5 24 3

39.4 Citrus Reservoir (Mentone Reservoir) SBVMWD 1 2 0 0 5 0 2 1 3 5 5 24 3

40.1 DWR Pump Station Alternative 1 SBVMWD 1 2 0 0 5 0 2 1 3 5 5 24 3

40.2
DWR Pump Station Alternative 2 (only 
count cost of 40.1 as these are 
alternatives)

SBVMWD 1 2 0 0 5 0 2 1 3 5 5 24 3

7 Devil Canyon Construction Area SBVMWD 2 1 0 0 5 0 2 1 3 5 2 21 3

12.6 Redlands Reservoir SBVMWD 0 2 0 0 5 0 2 1 3 5 2 20 3

35
Existing Pilot Dewatering and Phased 
Dewatering Project

SBVMWD 2 1 0 0 5 3 5 1 3 0 0 20 3

37 9th Street Feeder SBVMWD 1 2 0 0 5 0 5 1 3 1 2 20 3

14 Surface Water Treatment Plants SBVMWD 1 2 1 0 3 0 5 1 1 5 0 19 3

59 Lytle Creek Reservoir City of SB 0 2 0 0 3 0 5 1 3 5 0 19 3

60.1 Baseline Feeder West Extension SBVMWD 1 2 0 0 5 0 2 1 3 5 0 19 3

80.1 Orange Street Connector Pipeline SBVMWD 1 2 0 0 5 0 2 1 3 5 0 19 3

12.4 Redlands Pump Station SBVMWD 0 2 0 0 3 0 2 1 3 5 2 18 3

70.2 Yucaipa Pump Station SBVMWD 1 2 0 0 3 3 0 1 3 5 0 18 3

1
Seven Oaks Dam and Reservoir 
Construction Area

SBVMWD 1 2 0 0 5 0 2 1 1 5 0 17 3

32 Constructed Wetlands WRI-CSUSB 0 0 1 2 5 0 5 1 3 0 0 17 3

38.1 South End Feeder SBVMWD 1 2 0 0 5 0 0 1 3 5 0 17 3

38.2 South End Pump Station SBVMWD 1 2 0 0 5 0 0 1 3 5 0 17 3

60.2
Baseline Feeder Pump Station (East 
and/or West Alternative)

SBVMWD 0 2 0 0 3 0 5 1 3 3 0 17 3

34 Cable Creek FCD 2 1 0 0 3 3 2 3 1 1 0 16 3

55
Medical Center to Virginia Street 
Connector

City of SB 0 2 0 0 3 0 5 1 3 1 0 15 3

100 Foothill Pipeline Enlargement SBVMWD 0 2 0 0 3 0 2 1 3 1 3 15 3

61
Waterman Pump Station to Lower 
Zone

City of SB 0 2 0 0 3 0 5 1 3 0 0 14 3

12.2 San Bernardino Pump Station #1 SBVMWD 0 2 0 0 3 0 0 1 3 1 2 12 3

70.1 Yucaipa Lakes Pipeline SBVMWD 0 2 0 0 3 0 0 1 3 1 0 10 3

4.1
Morton Canyon Hydroelectric Gen. 
Plant

SBVMWD 0 0 0 0 0 0 0 0 0 0 0 0 3

39.5
East Branch Extension of the SWP, 
Phase 2

DWR 1 2 0 0 5 0 2 3 3 5 5 26 1a

39.6 DWR Pump Station Expansions DWR 0 2 0 0 5 0 2 3 3 5 5 25 1a

39.8 Zanja Reservoir DWR 1 2 0 0 5 5 2 1 3 3 3 25 3

39.7 Sunrise Ranch  Reservoir DWR 1 2 0 0 5 5 2 1 3 5 0 24 3

BCV Forest Land Reserved

Bogart Park Wetlands

City of Beaumont Desalter City of Beaumont

Sari Improvement Project

Stanfield Marsh

122
Numeric Groundwater Model for 
Riverside/Arlington Groundwater 
Basins

RPU, WMWD

Notes: Project readiness include completion of 
pre-feasibility study, environemental 
documenetation, project design, and 
expected implementation date

Terms: SGM Surface Water and Groundwater Management Agencies: BBARWWA Big Bear Area Regional Wastewater Agency
Tier: taW fo tnemtrapeD ekaL raeB giBPWDLBBytilibaileR ylppuS retaWRSW.02 naht erom si erocS latoT dna 01 si tifeneB lanoigeR fI - a1 er and Power

tcirtsiD ycnavresnoC ecruoseR eripmE dnalnIDCREInoitcetorP ytilauQ retaWPQW02 naht erom si erocS latoT fI - b1
litU cilbuP edisreviR fo ytiCUPRnoitarotseR metsysocERSE12 naht ssel si erocS latoT dna 01 naht ssel si tifeneB lanoigeR fI - 2 ity Department

3 - If score for Project Commitment is 4 or less RLD Riverside Land Conservancy
SBVMWD San Bernardino Valley Municipal Water District
City of San 
Bernardino

San Bernardino Municipal Water Department

SBCPD San Bernardino County Parks Department
WRI-CSUSB Water Resources Institute - California State University 

San Bernardino
Scoring Criteria WVWD West Valley Water District

1 Meets Objectives:  Score 2 for one objective.  Add 1 point for each additional objective met. Conservation San Bernardino Valley Water Conservation District
2 Supports Strategies: Score 1 for single strategy.  Score 3 if integrated.  Score 5 if integrated and supports multiple strategi DWMW.se Western Municipal Water District
3 CWF.5 erocs ,htob rof dedeen si tcejorP  .3 erocs ,rehtie rof dedeen si tcejorP :sdeeN ycnegremE dna ytefaS cilbuP rof sedivorP Fontana Water Company
4 Serves Disadvantaged Communities:  Provides regional benefit including disadvantaged communities, score 2.  Provides specific benefit to disadvantaged communities and addresses environmental justice concerns, 5 points.
5 Ready for Implementation:  Score 1 point for limited information. Score 3 points for a completed feasibility study or pre-design documents and a preliminary scope of work and budget estimate.

Score 5 points if environmental documentation and feasiblity study is complete and has a detailed scope of work and budget. 
6 Available Local Funds:  No funds, 0 point.  10%, 2 points.  50%, 3 points.  90% or more, 5 points.
7 Serves the Entire Region: Serves single agency, 1 point. Serves up to three agencies, 3 points.  Serves multiple communities and agencies and is a regional project, 5 points.
8 Reduces Water Supply System Vulnerability:  For single community, 2 points.  For the region, 5 points.

DWR Projects

Back Burner Projects

Tier 2 - Projects Needing Additional Work

Tier 3 - Projects Further Out on the "Planning Horizon," Need More Implementation Commitment
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PROJECTS SGM WSR WQP ESR

WATER TREATMENT AND RECYCLING 

14 Surface Water Treatment Plants SBVMWD 3 WS, SWQ PROP 84

16 Big Bear Area Regional Wastewater Agency Plant BBARWWA 2 WTR, SWQ, WS SWRCB $42,600,000

21 Horace P. Hinckley WTP
City of Redlands

2 WTR, SWQ, WS SWRCB, DPH

28
Tertiary Treatment Plant and Reclaimed Water 
Expansion Study

Rialto 1b WTR, SWQ, WS SWRCB $165,000

58 City of San Bernardino Water Recycling - RIX City of SB 1b WTR, SWQ, WS SWRCB $67,800,000

22 City of Beaumont WWTP City of Beaumont 1b WTR, SWQ, WS SWRCB, DPH

26 City of Redlands WWTP City of Redlands 2 WTR, SWQ, WS SWRCB, DPH

42 Oak Valley WRP Yucaipa Valley WD 1b WTR, SWQ, WS SWRCB, DPH

43 Riverside Regional Water Quality Control Plant 2 WTR, SWQ, WS SWRCB, DPH

126 North Village Water Treatment Facility
WVWD

1b WTR, SWQ, WS SWRCB $14,540,000

99 Fontana Water Company Recycled Water Project
FWC

1b WTR, SWQ, WS SWRCB $7,547,352

WATER CONSERVATION

123 Regional W. C. Feasibility Study SBVMWD 1b WC, WS, EHE PROP 84 CH 2, PROP 50 $250,000

120 Water Conservation Demonstration Garden SBVMWD 1b WC, WS, EHE PROP 50, PROP 84 $120,000

119 Model Instutional WC Makeover
SBVMWD, WRI-

CSUSB 1b WC, WS, EHE PROP 50, PROP 84 $350,000

CONVEYANCE AND INTERTIE

9.1 & 
9.2 Lytle Creek and Glen Helen Turnout SBVMWD 1b CI, WS PROP 84 CH 2 $4,160,000

12.1 Central Feeder Pipeline SBVMWD 1a CI, WS PROP 84 CH 2 $117,000,000

12.2 San Bernardino Pump Station #1 SBVMWD 3 CI, WS PROP 84 CH 2 $2,900,000

12.3 San Bernardino Pump Station #2 SBVMWD 1b CI, WS PROP 84 CH 2 $10,000,000

12.4 Redlands Pump Station SBVMWD 3 CI, WS PROP 84 CH 2 $55,000,000

12.7
Riverside Pump Station (Raub Emergenecy 
Supply Intertie)

RPUD 1a CI, WS PROP 84 CH 2 $8,000,000

19 Riverside-Corona Feeder WMWD 1a CI, WS PROP 84 CH 2 $176,000,000

36 West End Pump Station SBVMWD 1b CI, WS PROP 84 CH 2 $10,000,000

37 9th Street Feeder SBVMWD 3 CI, WS PROP 84 CH 2 $24,100,000

38.1 South End Feeder SBVMWD 3 CI, WS PROP 84 CH 2 $11,500,000

38.2 South End Pump Station SBVMWD 3 CI, WS PROP 84 CH 2 $1,090,000

39.1 Mentone Pipeline SBVMWD 3 CI, WS PROP 84 CH 2 $11,700,000

39.2 Mentone Feeder SBVMWD 3 CI, WS PROP 84 CH 2 $18,800,000

39.3 Citrus Pump Station (Mentone Pump Station) SBVMWD 3 CI, WS PROP 84 CH 2 $13,800,000

39.5 EBX Phase 2 (Pipeline, PS & Reservoirs) DWR 1a CI, WS PROP 84 CH 2 $196,000,000

39.6
DWR Pump Station Expansions (Crafton Hills PS, 
Greenspot PS, Cherry Valley PS)

DWR 1a CI, WS PROP 84 CH 2 $5,000,000

40.1 DWR Pump Station Alternative 1 SBVMWD 3 CI, WS PROP 84 CH 2 $23,300,000

40.2
DWR Pump Station Alternative 2 (only count cost 
of 40.1 as these are alternatives)

SBVMWD same as above Same as above CI, WS PROP 84 CH 2 See 40.1

55 Medical Center to Virginia Street Connector City of SB 3 CI, WS PROP 84 CH 2 $3,475,000

60.1 Baseline Feeder West Extension SBVMWD 3 CI, WS PROP 84 CH 2 $30,300,000

60.2
Baseline Feeder Pump Station (East and/or West 
Alternative)

SBVMWD 3 CI, WS PROP 84 CH 2 $3,100,000

61 Waterman Pump Station to Lower Zone City of SB 3 CI, WS PROP 84 CH 2 $1,010,000

70.1 Yucaipa Lakes Pipeline Replacement SBVMWD 3 CI, WS PROP 84 CH 2 $760,000

70.2 Yucaipa Pump Station SBVMWD 3 CI, WS PROP 84 CH 2 $12,900,000

70.3 Yucaipa Connector SBVMWD 2 CI, WS PROP 84 CH 2 $4,500,000

80.1 Orange Street Connector Pipeline SBVMWD 3 CI, WS PROP 84 CH 2 $4,900,000

80.2 Alabama Street Connector Pipeline SBVMWD 1a CI, WS PROP 84 CH 2 $8,800,000

80.3 Alabama Street Well Field SBVMWD 1a CI, WS PROP 84 CH 2 $4,500,000

90.3 City Creek Crossing SBVMWD 1a CI, WS PROP 84 CH 2 $5,200,000

97 Erwin Lake Fire Flow BBLDWP 1b CI, WS PROP 84 CH 2 $1,600,000

98 Waterman-Gage Intertie RPUD 1b CI, WS PROP 84 CH 2 $5,300,000

100 Foothill Pipeline Enlargement SBVMWD 1b CI, WS PROP 84 CH 2 $25,000,000

127 Rialto Direct Connection to State Water Project Rialto 1b CI, WS PROP 84 CH 2 $12,119,379

130 Extension of the Baseline Feeder Agreement Rialto 1b CI, WS PROP 84 CH 2

STORAGE

12.5 San Bernardino Reservoir SBVMWD 1b STO, WS PROP 84 CH 2 $4,500,000

12.6 Redlands Reservoir SBVMWD 3 STO, WS PROP 84 CH 2 $5,700,000

25 North Lake Project SBVMWD 1b STO, WS PROP 84 CH 2 $133,000,000

39.4 Citrus Reservoir (Mentone Reservoir) SBVMWD 3 STO, WS PROP 84 CH 2 $91,000,000

39.7 Sunrise Ranch Emergency Reservoir DWR 3 STO, WS PROP 84 CH 2 $133,000,000

39.8 Zanja Emergency Storage DWR 3 STO, WS PROP 84 CH 2 $130,000,000

53 Medical Center No. 2 Reservoir City of SB 1b STO, WS PROP 84 CH 2 $18,100,000

59 Lytle Creek Reservoir City of SB 3 STO, WS PROP 84 CH 2 $16,100,000

Denotes Primary Objective

Denotes Secondary Objective Strategies not in bold are secondary

Tier: 1a - If Regional Benefit is 10 and Total Score is more than 20. Terms: SGM Surface Water and Groundwater Management

1b - If Total Score is more than 20 WSR Water Supply Reliability

2 - If Regional Benefit is less than 10 and Total Score is less than 21 WQP Water Quality Protection

3 - If score for Project Commitment is 4 or less ESR Ecosystem Restoration

tnemeganaM retaW mrotS dna doolFWSFgnilcyceR dna tnemtaerT retaWRTW

tnemeganaM negortiN dna SDTMNTnoitavresnoC retaWCW

tnemevorpmI ytilauQ retaW ecafruSQWSeitretnI dna ecnayevnoCIC

tnemecnahnE tatibaH dna noitcetorP metsysocEEHEegarotSOTS

noitarotseR sdnalteWRWtnemeganaM retawdnuorGMWG

esU dnaLULnoitcetorP ytilauQ retawdnuorGPQG

sseccA cilbuP dna noitaerceRAPResU evitcnujnoCUC

WS Water Supply WR Water Recycling
SWM Surface Water Management

Strategies in bold are primary

PROJECT NO stsoC detcejorPseigetartS
Objectives

Funding Opportunities

Notes:
Project readiness include completion of pre-feasibility study, environemental 
documenetation, project design, and expected implementation date
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PROJECTS SGM WSR WQP ESR

PROJECT NO stsoC detcejorPseigetartS
Objectives

Funding Opportunities

Table 5-2
Upper Santa Ana IRWMP Prioritization and Cost

O
B

J
E

C
T

IV
E

S STRATEGY

Agency/ Project 
Sponsor

Project Ranking/
Tier

GROUNDWATER MANAGEMENT

15
Seven Oaks Dam Borrow Pit Groundwater 
Recharge and Habitat Restoration Project

Conservation 1a GWM, CU, EHE PROP 84 CH 2, PROP 84 CH 5 $9,700,000

23
Installation of Groundwater Monitoring Wells in 
Santa Ana River Forebay

Conservation 1b GWM AB 303 $640,000

27
Rialto -Colton Basin Groundwater Recharge 
Study

WVWD 1b GWM, CU PROP 84 CH 2 NON-IRWMP, AB303 $280,000

121 Alluvial Fan Development Guideline WRI-CSUSB 1b GWM, LU, FSW PROP 84 CH 3, 1E $630,000

122
Numeric Groundwater Model for 
Riverside/Arlington Groundwater Basins

RPUD, WMWD GWM, CU AB 303

GROUNDWATER QUALITY PROTECTION

35
Existing Pilot Dewatering and Phased Dewatering 
Project

SBVMWD 3 GWM, GQP, WS PROP 84 CH 2 Unknown

45 Septic System Conversion Higrove Area- Phase II RPUD 2 GQP, WS PROP 84 CH 2, DPH $9,730,000

46
Pellesier Ranch Barrier Wells and Water 
Treatment Plant 

RPUD 1a GQP, WS, CI
PROP 84 CH 2, PROP 84 CH 2 NON-
IRWMP, DPH

$17,700,000

51
Groundwater Reclamation Interagency Project 
(GRIP)

City of Redlands 1b GQP, WS, WR PROP 84 CH 2 $9,100,000

54 Bunker Hill Regional Water Supply City of SB 1a GQP, WS, GWM
PROP 84 CH 2, PROP 84 CH 2 NON-
IRWMP, DPH

$86,300,000

57 Bunker Hill Basin Water Supply Reliability WVWD 2 GQP PROP 84 CH 2 $13,000,000

128
Characterization Study of the Contaminant Plume 
in the Rialto-Colton Basin

Rialto 1b GQP, WS AB 303 $6,490,561

129
Groundwater Production and Perchlorate 
Removal Treatment

Rialto 1b GQP, WS PROP 84 CH 2, DPH $6,060,000

131
Groundwater Remediation - Capture High-
Concentration Perchlorate Contamination in the 
Rialto-Colton Basin

Rialto 1b GQP, WS PROP 84 CH 2, DPH $14,500,000

132
Long-Term Remediation Plan for Rialto-Colton 
Basin

Rialto 1b GQP, WS PROP 84 CH 2, DPH $250,000

CONJUNCTIVE USE

1
Seven Oaks Dam and Reservoir Construction 
Area

SBVMWD 3 SWM, CU, WS PROP 84 CH 2 $29,000,000

1.1 Enhance Spreading SBVMWD 1a SWM, CU, WS PROP 84 CH 2 $8,000,000

4.0 Santa Ana River Construction Area SBVMWD 1a SWM, CU, WS PROP 84 CH 2 $122,000,000

4.1 Morton Canyon Hydroelectric Gen. Plant SBVMWD 3 CU OTHER $38,000,000

7 Devil Canyon Construction Area SBVMWD 3 SWM, CU, WS PROP 84 CH 2 $1,720,000

8 Lytle Creek Construction Area SBVMWD 1b SWM, CU, WS PROP 84 CH 2 $13,500,000

13 Riverside North Recharge Basin RPUD 1b CU, SWM, WS PROP 84 CH 2 $13,400,000

48 Muscoy Spreading Basins SBVMWD 1b CU, SWM PROP 84 CH 2 $5,227,200

FLOOD AND STORM WATER MANAGEMENT

29 Cactus Basins #4 and #5 FCD 1b FSW, SWM, CU, SWQ PROP 84 CH 3, PROP 84 CH 5, 1E $21,300,000

30 Cactus Basins #3 FCD 1b FSW, SWM, CU, SWQ PROP 84 CH 3, PROP 84 CH 5, 1E $21,300,000

31 Randall Basin FCD 1b FSW, SWM, CU, SWQ PROP 84 CH 3, PROP 84 CH 5, 1E $1,460,000

34 Cable Creek Debris Basin FCD 3 FSW, SWM, CU, SWQ PROP 84 CH 3, PROP 84 CH 5, 1E $38,000,000

33 Sand/Warm Confluence FCD 1b FSW PROP 84 CH 3, PROP 84 CH 5, 1E $2,600,000

TDS AND NITROGEN MANAGEMENT

20 Desalter and Brine Disposal YVWD 2 TNM, WS
PROP 84 CH 2, PROP 84 CH 2 NON-
IRWMP

$9,600,000

City of Beaumont Desalter City of B. 0 TNM, WS PROP 84 CH 2

Sari Improvement Project 0 TNM, WS PROP 84 CH 2

SURFACE WATER QUALITY IMPROVEMENT

24
Security Fencing of Groundwater Recharge 
Facilities

Conservation 2 SWQ, GQP
PROP 84 CH 2, PROP 84 CH 2 NON-
IRWMP

$1,140,000

102 Big Bear Lake Management Plan Multiple Agencies 1b SWQ, WS, EHE
PROP 84 CH 2, PROP 84 CH 2 NON-
IRWMP, PROP 84 CH 5

$260,000

ECOSYSTEM PROTECTION AND HABITAT ENHANCEMENT

10 Wash Habitat Conservation Plan Conservation 1b EHE, CU PROP 84 CH 5, PROP 84 CH 9, AB 303 $300,000

110
Lytle Creek Watershed Assessment and 
Restoration

WRI-CSUSB 1b EHE PROP 84 CH 5, PROP 84 CH 9 $260,000

118
San Timoteo Canyon State Park Acquisition and 
Restoration

R.L.C. 1b EHE PROP 84 CH 5, PROP 84 CH 9 $5,500,000

113 Removal of Invasive Plant IERCD 1b EHE PROP 84 CH 5, PROP 84 CH 9 $300,000

114 Warm Creek Restoration Project IERCD 1b EHE PROP 84 CH 5, PROP 84 CH 9 $63,000

WETLANDS RESTORATION

Stanfield Marsh WR, EHE

Bogart Park Wetlands WR, EHE

LAND USE

BCV Forest Land Reserved LU, SWQ

6 I.E. Sustainable Watershed Project
IERCD

1b LU, SWQ CALFED $115,000

11 LIDS for Kids- Low Impact Development IERCD 2 EHE, SWQ PROP 84 CH 5, PROP 84 CH 9 $237,000

RECREATION AND PUBLIC ACCESS

18 San Timoteo Creek Aquatic Restoration
Redlands

1b $5,500,000

32 Constructed Wetlands
WRI-CSUSB

1b RPA PROP 84 CH 8, PROP 84 CH 9 Unknown

124 SAR Trail - Phase III
SBCPD

1b RPA PROP 84 CH 5

125 SAR Trail - Phase IV SBCPD 1b RPA PROP 84 CH 5

294,947,989,1$:latoT
Denotes Primary Objective Strategies in bold are 
Denotes Secondary Objective Strategies not in bold are secondary

Tier: 1a - If Regional Benefit is 10 and Total Score is more than 20. Terms: SGM Surface Water and Groundwater Management

1b - If Total Score is more than 20 WSR Water Supply Reliability

2 - If Regional Benefit is less than 10 and Total Score is less than 21 WQP Water Quality Protection

3 - If score for Project Commitment is 4 or less ESR Ecosystem Restoration

tnemeganaM retaW mrotS dna doolFWSFgnilcyceR dna tnemtaerT retaWRTW

tnemeganaM negortiN dna SDTMNTnoitavresnoC retaWCW

tnemevorpmI ytilauQ retaW ecafruSQWSeitretnI dna ecnayevnoCIC

tnemecnahnE tatibaH dna noitcetorP metsysocEEHEegarotSOTS
noitarotseR sdnalteWRWtnemeganaM retawdnuorGMWG

esU dnaLULnoitcetorP ytilauQ retawdnuorGPQG

sseccA cilbuP dna noitaerceRAPResU evitcnujnoCUC

gnilcyceR retaWRWylppuS retaWSW

SWM Surface Water Management
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Notes:
Project readiness includes completion of pre-feasibility study, environmental 
documentation, project design, and expected implementation date
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Figure 5-3 
Project Locations 
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5.2.2 Economic and Technical Feasibility of the Projects 

As stated above, a pre-feasibility evaluation of the projects is conducted to assess 
technical and economical feasibility of the projects.  Those projects that are 
deemed not feasible at this time (based on a pre-feasibility evaluation) are ranked 
as Tier 3 and considered not ready for implementation.  These projects will be 
evaluated in the future as additional information is developed and becomes 
available. 

The projects that pass the above test are ranked as Tier 1 or Tier 2.  Tier 1 
projects are considered to be ready for implementation.  These projects must 
have or should have a completed feasibility study, pre-design documents, and 
environmental documents by mid-2008.  Therefore, only those projects that are 
deemed economically and technically feasible will move forward for 
implementation.  The project’s sponsoring agency is responsible for meeting the 
stated schedule for conducting the feasibility evaluations. 
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5.3 Implementation Considerations 
5.3.1 Institutional Structures Needed for Plan Implementation 

The responsibility for implementation of the IRWM Plan will be shared among 
the individual entities that participated in the planning process and prepared this 
plan.  The implementation responsibility is based upon the jurisdiction of each 
responsible entity.  The following summarizes the proposed implementation 
approach for those projects, programs, and investigations that have been 
formulated to date, and identifies recommendations to assist in future program 
and project formulation and direction.  

5.3.1.1 Management of San Bernardino Basin Area  

The Basin Technical Advisory Committee (BTAC) will develop the annual 
operation plan for managing the San Bernardino Basin Area (SBBA).  The 
annual basin management plan will then be forwarded on to the applicable 
elected officials for review and approval.  The BTAC will be comprised of staff 
representatives from plaintiffs and non-plaintiffs of the Western Judgment 
(Western Municipal Water District of Riverside County v. East San Bernardino 
County Water District, Case No. 78426).  A detailed discussion of the process for 
managing the SBBA and BTAC responsibility is presented in Chapter 4. 

5.3.1.2 Management of the Groundwater Basins 

Most of the groundwater basins in the Upper SAR Watershed are adjudicated by 
pumpers or adjudicated “in gross” and are overseen by “Watermasters” who keep 
an accounting of recharge and extractions. 

5.3.2 Project Implementation  

Implementation of the projects is the responsibility of the project sponsor(s).  For 
projects funded through the grant programs, the TAG will work with regional 
agencies as well as SAWPA to coordinate, apply, receive, and distribute the grant 
funding for project implementation.  Projects formulated for this plan must 
periodically be updated and reprioritized, and new projects may be introduced for 
screening and prioritization.  These activities will also be the responsibility of the 
TAG, which will be coordinated by Valley District.  Project implementation 
responsibilities include coordination with the appropriate local, State, and federal 
agencies to prepare and complete necessary environmental documents and to 
pursue opportunities to fund the projects that are under their jurisdiction, 
consistent with the IRWM Plan.  

5.3.3 Periodic Review and Update of the IRWM Plan 

In order to keep the IRWM Plan current, it should be refined as necessary.  These 
refinements will be the result of knowledge gained through the use of the plan.  
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Valley District will assume responsibility for making updates to the plan on an 
interval agreed upon by the TAG.  Reviews and updates will focus on analyzing 
new information developed since the adoption of the previous plan and the need 
for specific water management actions.  The reviews would identify areas where 
the plan has been successfully implemented, as well as areas where deficiencies 
are apparent. 

Valley District will continue to coordinate the regional planning activities of the 
TAG as needed, and coordinate with other IRWM Plan planning activities in the 
region and with State and federal agencies. 

5.3.3.1 Monitoring and Data Management 

Implementation of monitoring programs and data management and coordination 
is the responsibility of the entities managing the basins, as summarized below.   

 The BTAC will be responsible for monitoring, data management, and 
coordination for the SBBA, Rialto-Colton Basin, and North Riverside 
Basin as defined in the monitoring program developed for this plan.   

 San Timoteo Watershed Management Authority is responsible for data 
collection, management, and coordination activities related to the San 
Timoteo Basin. 

 Big Bear MWD is responsible for data collection, storage, and monitoring 
coordination activities associated with the Big Bear Lake Basin. 

5.3.4 Implementation Schedule 

The IRWM Plan will be implemented during the next 25 years.  The first step in 
implementation is to prepare a capital improvement plan to identify funding 
sources for proposed projects.  It is anticipated that feasible Tier 1a and 1b projects 
will be implemented during the next 20 years.  Tier 2 and 3 projects will be 
periodically reviewed and as additional project information becomes available, will 
move up for implementation.  Additional projects may be identified for 
implementation. Implementation schedules for individual projects will also be 
prepared along with feasibility studies.  Figure 5-4 is a snap shot (as of December 
2007) of the Plan implementation schedule.  This schedule will be updated as 
additional information is developed and full feasibility of the projects is completed. 
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5.3.5 Regional and Statewide Priority and Issues of State 
Significance 

Improving water supply reliability and reducing reliance on the SWP during 
droughts is considered an issue of Statewide significance.  Environmental and 
fishery issues of the Sacramento-San Joaquin Delta (Delta), including 
endangered species, vulnerability of Delta levees, and Delta water quality issues, 
significantly reduce reliability of the SWP supplies.  Recently, State water 
leaders and the Governor’s Office have had renewed discussion of an “Isolated 
Facility” around the Delta as an alternative to the current “broken” operations in 
the Delta.  The isolated facility has the potential to improve fishery issues, reduce 
the impact of water diversions on listed species, and improve drinking water 
quality (less total dissolved solids (TDS), trihelimethane, and bromide) for 
millions of Californians.  This translates into increased reliability for the SWP 
supplies.  The resolution of Delta conveyance issues, therefore, will benefit the 
region and its water supply, and will significantly contribute to water supply 
reliability and water quality improvement in the Upper Santa Ana Region. 

It should also be noted that a major consideration and a regional priority for 
formulation of this IRWM Plan is to improve water supply reliability and 
optimize the use of imported water to reduce reliance on imported water during 
droughts.  Implementation of water management strategies of this plan, therefore, 
will reduce stresses on SWP supplies, especially during drought periods, and will 
provide statewide water supply benefits.  
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5.4 Capital Improvement Funding 
Implementation of the projects listed in Table 5-1 requires an estimated 
investment of over $2 billion.  This level of funding is beyond the financial 
abilities of local agencies of the region at this time.  Therefore, it is important for 
the water leaders to develop a capital improvement plan that identifies funding 
sources and further refines priorities for project implementation.  In addition, the 
agencies should actively engage in obtaining grant funding to assist in project 
implementation. 

Depending on the characteristics and scope of a particular project, some activities 
and projects currently identified in this IRWM Plan and future activities will 
likely be in some part contingent on securing funding from federal, State, and/or 
local sources.  The following summarizes project funding approaches to date, as 
well as anticipated funding strategies.   

5.4.1 Federal Funding 

The federal grant funding sources are currently limited.  The U.S. Bureau of 
Reclamation’s (Reclamation) Challenge Grant Program provides funding for 
water management programs and projects in the western United States.  This 
grant program might help fund the implementation of water conservation 
projects.  Reclamation also provides funding for water recycling programs in 
Southern California.  The Environmental Protection Agency (EPA) provides 
funding for environmental improvement projects.  In addition, funding can be 
directed for implementation of projects under the IRWM Plan, through the 
Federal Energy and Water Development Appropriations legislation. 

5.4.2 State Grant Funding 

State funding may be a significant source of funding for implementation of the 
IRWM Plan.  Current key State funding sources include the following: 

 The Water Use Efficiency Program, which is currently administered by 
DWR and is funded through various bond initiatives, and provides grant 
funding for agricultural and urban water conservation programs.   

 DWR’s AB 303 Local Groundwater Assistance Program funds 
groundwater management, data collection, modeling, monitoring, and 
assessment programs.  AB 303 is a potential source of funding for a range 
of groundwater management projects.   

 The Integrated Regional Water Management Grant Program is well suited 
for funding of the projects developed for the IRWM Plan.  Proposition 84 
allocated $114 million for the Santa Ana Region integrated regional plans, 
which is a small fraction of the funding needed for the region’s projects. 
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 The passage of Proposition 84 in the November 2006 election allocated 
$800 million for flood control projects in which $180 million is allocated 
for the subvention program to help local agencies outside the Central 
Valley to implement local flood control projects. 

 Proposition 1E provides $300 million in funding for stormwater 
management and other projects outside of the Central Valley. 

 Proposition 84 allocated $45 million in funding to expand and improve the 
Santa Ana River Parkway. 

5.4.3 Local Agency Funding 

Local entities for years have been implementing cost-effective projects and 
programs at the local level.  In the past, local funding has been used in part or in 
total to fund local water projects.  Today, however, a major constraint in 
implementing many of the projects in this IRWM Plan is the lack of financial 
capacity and funding availability at the local level.  Some of the communities in 
the Upper Santa Ana Region are economically disadvantaged (i.e., their median 
income is less than 80 percent of the average) and they may not be able to 
finance costly projects.  Bond laws (i.e., Chapter 8 of Proposition 50) generally 
require local agencies to share the cost of implementing their project unless the 
project is benefiting an economically disadvantaged community, in which case, 
the community could be qualified for exemption from local cost-sharing 
requirements.   
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5.5 Obstacles to Implementation 
The most significant obstacle to implementation of the IRWM Plan is funding of 
capital improvement projects.  Considering the limited financial capacity of the 
agencies in the Upper Santa Ana Region, it would be very difficult to fund 
projects with an estimated cost of $2 billion.  Steps that can be taken to remedy 
funding obstacles include development of a capital improvement plan, 
implementation phasing, obtaining grant funding, and forging partnerships to 
fund major projects.  No other insurmountable obstacles to implementation of the 
IRWM Plan have been identified.  As described earlier, the agencies within the 
Plan Area have successfully worked together in the past on the development and 
implementation of projects and programs to improve the water resources 
management within the region.  Working together, these agencies have 
developed a successful relationship, enabling them to accomplish things that 
satisfy the varied interests within the Upper SAR Watershed.  Developing these 
initial relationships, trust, and accountability among the participating groups is 
one of the biggest challenges to any regional cooperation.  The stakeholders and 
interested parties within the Upper Santa Ana Region can continue to 
successfully work together to implement future projects to improve the water 
resources management for the citizens of the region. 
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5.6 Impacts and Benefits of the Upper Santa Ana 
IRWM Plan 

5.6.1 IRWM Plan Benefits 

Probably the most significant benefit of the Upper Santa Ana River Watershed 
IRWM Plan is the planning process itself.  The process has created a cooperative 
environment among all agencies in the region.  They meet on a regular basis to 
discuss the water management issues and plan for meeting future water needs of 
the region.  The agencies worked together to develop solution-oriented programs, 
they forged agreements, and they work together to provide the most basic and 
essential service to the communities—serving water.  The planning process 
provided a framework for developing regional and integrated solutions.   

Full implementation of the Upper Santa Ana River Watershed IRWM Plan will 
result in multiple benefits associated with meeting the objectives identified in 
Chapter 4 of this IRWM Plan.  Key public and overall benefits from 
implementation of the plan elements include the following: 

 Significant improvement in water supply reliability during drought periods 
while reducing reliance on imported water. 

 Improved and coordinated management of the region’s surface water and 
groundwater resources, including conjunctive management of groundwater 
and surface water resources and recharge of groundwater basins. 

 Improved water quality through effective management of groundwater 
resources, expediting clean up process of contaminant plumes in the 
region, and improving stormwater management. 

 Enhancement of water-dependent environmental assets. 

 Improved water-related education, recreation, and public access 
opportunities in the region. 

 Improved understanding of the region’s water resources, including focused 
regional monitoring to ensure groundwater is used in a sustainable manner. 

 Improved coordination of water management activities of the region 
through sharing of ideas and mutually beneficial management of project 
opportunities. 

 Coordinated development of water management strategies and associated 
projects. 

5-23 



 

5-24 

Upper Santa Ana River Watershed Integrated 
Regional Water Management Plan 

5.6.2 IRWM Plan Impacts 

The potential negative impacts from implementing most of the projects in the 
Upper Santa Ana River Watershed IRWM Plan are anticipated to be primarily 
short-term facility construction impacts.  It is proposed that conjunctive water 
management projects include a monitoring and assessment element to evaluate 
the impacts of project implementation.  Monitoring and assessment elements will 
provide tools to evaluate and modify project operation to mitigate potential 
impacts.  Further discussion of project monitoring and assessment is presented in 
Chapter 6. 

5.6.2.1 Environmental Documentation and County Ordinance Compliance 

Permitting and environmental documentation will be required for many of the 
new project facilities in accordance with federal, State, and local laws and 
ordinances.  The project-specific environmental compliance will be performed by 
project sponsors on a case-by-case basis prior to project construction.  Impacts 
and benefits of the proposed actions will be further assessed.  All actions and 
investigations will be coordinated with local, State, and federal agencies to share 
information and ensure compliance with applicable laws and ordinances.   



6  Data Management and Monitoring, 
Technical Analyses, and Plan 
Performance   

This chapter summarizes the technical analyses, data management, and 
performance of the Integrated Regional Water Management Plan (IRWM Plan).  
The chapter is organized in two parts.  Part I describes data management and 
monitoring as well as technical analyses conducted during plan preparation.  
Part II examines monitoring, data management, and plan performance during 
plan implementation.  This chapter also describes how the performance data will 
be used to adapt the IRWM Plan and its management tools in response to plan 
implementation success and its performance. 
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6.1 Part I: Data Management and Technical 
Analyses for Plan Preparation 

6.1.1 Use of Available Information to Develop the IRWM Plan 

The Upper Santa Ana River (SAR) IRWM Plan documents the results of a 
comprehensive two-year effort of over 20 agencies with varying water 
management and flood control responsibilities in the region focused on 
developing a coordinated approach to water resources management.  The IRWM 
Plan was prepared using information and guidance from the Technical Advisory 
Group (TAG) and the local agencies involved in water resources management 
and can, in turn, be used by these same agencies to guide and support their future 
water management efforts. 

Prior to the preparation of the IRWM Plan, the water management agencies 
within the region often worked on an agency-by-agency basis to define their 
individual needs, and collectively to address water management issues that affect 
regional issues.  During this time, extensive information and data were collected, 
compiled, and evaluated, including numerous agreements, memorandums of 
understanding (MOUs), and court judgments.  This information served as the 
foundation for the development of this plan, as described below. 

6.1.2 Existing Information and Reports 

The IRWM Plan is a document that is intended to provide a common vision for 
water resources management within the Upper Santa Ana Watershed.  A 
considerable amount of available information was used to develop this plan.  
Following is a general description of the existing reports that were extensively 
used in the IRWM Plan and their main contributions. 

 Information in local water purveyors’ 2005 Urban Water Management 
Plans was used in preparing the water budget for the region.  
Information analyzed included water demand projections through 2030, 
water supply reliability strategies in general, and water conservation and 
water recycling strategies in particular. 

 Master Plans prepared by local water and flood control agencies were 
used to estimate water use, supplies, and existing and planned facilities, 
and for development of the conveyance and recharge strategies for the 
region.   

 County and City General Plans were reviewed to ensure that land use 
assumptions and information used in the IRWM Plan are consistent with 
the Master Plans. 
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 Court Judgments and Agreements between or among water agencies 
were used as the basis of groundwater and surface water management 
activities and to develop surface water and groundwater management 
strategies that include developing a process to manage the San 
Bernardino Basin Area (SBBA) (Figure 4-12).  These documents were 
reviewed to ensure the groundwater and surface water management 
strategies prepared for the Plan are consistent with these documents. 

 Environmental Impact Report for Santa Ana River Water Rights 
Applications for Supplemental Water Supply information was used 
for water supply analyses, water supply reliability strategies, and 
background information about the region and its water resources.   

 A number of other reports and data sources (Western Watermaster 
Reports, water level data, U.S. Geological Survey (USGS) models and 
reports, contaminant plume(s) data, and Conservation District 
Engineering Investigations) were used in a minor role to prepare this 
plan.  A detailed list of reports used in the preparation of the IRWM Plan 
is included in Section 8, References. 

6.1.3 Data Management and Monitoring 

An extensive network of groundwater and surface water monitoring is in place in 
the region.  Data from these monitoring sites were used extensively in the 
Operation Model, Allocation Model, Groundwater Model, and other studies 
conducted for the IRWM Plan.  Surface water and groundwater data collected 
throughout the region by various agencies were used for preparation of the plan.  
The data are used in various models to evaluate water management strategies and 
potential benefits of the proposed projects.  The majority of the data used in the 
preparation of the IRWM Plan are available to the public through the local 
agencies.  The existing data and new data collected as a result of the preparation 
of the IRWM Plan are available to the TAG, stakeholders, interested parties, 
California Department of Water Resources (DWR), and other state agencies.   

The Upper SAR Watershed IRWM Plan is nested within the larger Santa Ana 
Watershed Project Authority’s (SAWPA) IRWM Plan, which serves as an 
umbrella plan.  The information developed as part of the Upper SAR Watershed 
IRWM Plan is provided for inclusion in the umbrella watershed plan.   

6.1.4 Technical Analyses to Develop the IRWM Plan and Projects 

The initial efforts in preparing the IRWM Plan focused on identifying the key 
water resources goals and objectives of the Plan Area.  Once the objectives were 
identified, a considerable amount of time, resources, and technical effort was 
allocated during a period of 18 months to evaluate surface water and groundwater 
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resources of the region and define water management strategies that would meet 
plan objectives.  A brief summary of the key technical analyses for the IRWM 
Plan is presented below. 

 Development and Use of Operations Model (OPMODEL).  
OPMODEL was developed to estimate the quantity of unappropriated 
SAR water available for diversion by the San Bernardino Valley 
Municipal Water District (Valley District) and Western Municipal Water 
District (Western) after accounting for diversions by prior water rights 
holders and environmental flows.  This model provides basic water 
supply data needed to evaluate the feasibility of conjunctive use 
strategies using local surface water supplies. 

 An “Allocation Model” was developed and used to evaluate the use and 
allocation of local surface water and State Water Project (SWP) supplies 
throughout the service area, including direct deliveries to existing water 
treatment plants and spreading grounds.   

 Use of Groundwater Model.  A detailed and enhanced groundwater 
model was developed for the SBBA.  Upon completion and calibration 
of the model, it was extensively used to evaluate potential conjunctive 
use projects and to define the locations and sizes of the recharge basins 
and the location and number of groundwater production wells needed for 
each conjunctive use scenario.  The model is a tool that can be used for 
operation and management of the groundwater basin and for 
management of water levels and water quality in the SBBA. 

 The surface and groundwater data collected in the SBBA were 
extensively used for development and calibration of the models and for 
the analysis of the conjunctive use scenarios.   

 Preliminary engineering analyses were conducted for evaluation of 
diversion and conveyance facilities to convey water to the spreading 
basins. 

 Water demand and supply analyses were conducted to understand water 
demands in the region and how future demands will be met. 

 Detailed analyses of water demands and supplies included the ability of 
the purveyors to meet water demands during a single-year drought and a 
multiple-year drought scenario.  In addition, water needs for the peak day 
demand of water purveyors within the Valley District service area were 
studied. 
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 A sensitivity analysis was conducted to determine the significant level of 
impact on meeting future water needs, assuming reduced local surface 
water and reduced reliability in SWP supplies.  This analysis intended to 
capture uncertainties related to SWP future water supply reliability 
and/or uncertainties of local surface water supplies due to climate 
change. 

 Conceptual engineering analyses were conducted to evaluate the impact 
of water supply interruption during major disasters and its impact on 
meeting customers’ water needs as well as evaluation of the facilities 
needed to provide redundancies for infrastructures. 

 Pre-feasibility evaluations were conducted of individual projects 
identified in response to water management strategies and to determine 
project benefits and associated costs. 

The agencies began identifying individual projects that may contribute to 
meeting the planned water management strategies and objectives.  Each project 
and program included in the Upper SAR IRWM Plan were identified by a local 
lead agency (project sponsor) that was primarily responsible for the project’s 
description and technical evaluation, as well as the project’s integration into the 
IRWM Plan.  The project’s sponsor will be responsible for any further project 
refinement, pursuit of funding, project implementation, and assessment of project 
performance.   

The project description and available supporting information were used to 
evaluate and rank the individual projects and programs.  There was a large range 
of available supporting information for the projects that tended to reflect the 
maturity of the planning process and previous efforts made to define project 
details and establish a project’s readiness to proceed.  Compared to other 
projects, the highest ranked projects (Tier 1a and 1b projects) typically had 
considerable supporting information such as feasibility studies, cost estimates, 
and preliminary design information.  Completion of required additional studies 
and investigations needed for some of the other projects could improve ranking 
of such projects in the future.   
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6.2 Part II: Monitoring, Data Management, Plan 
Performance, and Adaptive Process during Plan 
Implementation 

6.2.1 Data Collection and Monitoring 

As stated earlier, an extensive network of data collection is already in place in the 
region.  A monitoring plan was also developed for the region as a component of 
this IRWM Plan to formalize and standardize data collection procedures.  The 
objectives of the monitoring plan are to: 

 Provide a standard methodology for the collection, storage, and reporting 
of hydrologic data. 

 Document the collection of data needed for management of the 
groundwater basin to meet the requirements of various judgments.  In the 
SBBA and other adjudicated basins, the Watermaster is responsible for 
collection, review, and compilation of the data needed for management 
of the basin and for providing a level of coordination among many water 
users. 

 Provide the data needed for developing the “Annual Operation Plan” for 
management of the SBBA.   

 Provide standardized procedures to collect source water data that 
agencies use to meet requirements of the California Department of Public 
Health (CDPH) (formerly the California Department of Health Services) 
drinking water standards. 

The monitoring plan is presented in Appendix B.  Currently, the following 
hydrologic data are being collected in the region: 

 Groundwater data:  Groundwater monitoring is in place for measuring 
groundwater production, water quality, and water levels representative of 
the various subbasins.  Groundwater level data were used to evaluate the 
groundwater level trends as well as to evaluate the groundwater flows 
and included the following:   

o USGS multi-level monitoring wells.  

o Target wells used in the groundwater model.  A list of these wells, 
as well as a map showing the location of the targeted modeling 
wells, is presented in Appendix B. 
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o Groundwater monitoring wells identified in various agreements 
(e.g., Seven Oaks Accord, Riverside Agreement).  Monitoring of 
these wells is required to ensure full compliance with the terms of 
the agreements. A list of these wells is presented in Appendix B. 

o Environmental Protection Agency (EPA)/City of San Bernardino 
Newmark-Muscoy plume(s) monitoring wells. 

o Local purveyors’ water production data required by judgments 
and provided to the Watermaster.  All purveyors of wells that 
pump groundwater are required to report the annual production of 
the wells to the Watermaster.  Production data are then presented 
in an annual report prepared by the Watermaster.   

o Water quality data collected by water purveyors for each well.  
These data are periodically monitored according to Title 22 and 
are required by the CDPH.   

 Stream gage data:  Stream gages in the region are operated by either the 
USGS or the San Bernardino County Flood Control District (SBCFCD). 

 Subsidence monitoring:  During the period from 1944 to 1969, at least 
one foot of subsidence occurred in the Pressure Zone immediately north 
of Loma Linda between the San Jacinto and Loma Linda faults.  
Currently, there is no subsidence monitoring station in place.  No 
evidence of any significant subsidence is present in the subbasins at this 
time. 

6.2.2 Data Gaps/Additional Monitoring Requirements  

Although vast amounts of data are currently collected for management of the 
basin’s water resources, there is always opportunity to collect additional data to 
fill necessary gaps.  One such gap could be the lack of subsidence monitoring 
data in the region.  The following additional data collection activities would be 
needed to fulfill the data gaps of the region: 

 A network of benchmarks in the Pressure Zone area could be helpful in 
monitoring subsidence.  Each benchmark should be established and 
surveyed by a California-licensed land surveyor.  Locations of the 
benchmarks are dependent upon permitting from the appropriate agency.  
(This task should be coordinated with USGS to ensure there is not any 
duplication of efforts.  USGS may collect some of these data.) 

 If proven necessary, some extensometer wells could be installed on the 
basis of periodic land surveys within the Pressure Zone area where the 

6-7 



 
Upper Santa Ana River Watershed Integrated 
Regional Water Management Plan 

highest probability of subsidence may occur.  Extensometers could be 
installed to measure non-recoverable compaction of fine-grained 
materials interbedded within the aquifer systems.   

6.2.3 Management of the Data 

As part of the USGS program for disseminating water data, the USGS maintains 
a distributed network of computers for the acquisition, processing, review, and 
long-term storage of water data.  This distributed network of computers is called 
the National Water Information System (NWIS).  Many types of data are stored 
in the NWIS, including comprehensive information for site characteristics, well 
construction details, time-series data for gage stage, streamflow, groundwater 
level, precipitation, and physical and chemical properties of water.  Data 
collected by the USGS in the region are available to stakeholders and the public 
through the NWISWeb (http://nwis.waterdata.usgs.gov/nwis). 

Data collected as part of the IRWM Plan will be stored, organized, and secured in 
an electronic database.  Valley District is developing a comprehensive database 
that will be utilized to house the data needed for management of surface and 
groundwater resources of the region.   

The database created for storing all monitoring data will be maintained by Valley 
District.  Valley District will provide a central storage location for data and 
documentation. Valley District will coordinate with all agencies collecting data 
to facilitate exchanges in a consistent manner.   

Data collected in the region will be available to the stakeholders, DWR, and 
other local and state agencies.  Data collected in support of state-funded water 
quality-related projects will be made available to the State Water Resources 
Control Board’s (SWRCB) Surface Water Ambient Monitoring Program and 
Groundwater Ambient Monitoring and Assessment Program. 

Monitoring data collected each year will be summarized in an Annual 
Monitoring Report.  This report will incorporate the past year’s data in tabular 
and electronic format.   

6.2.4 Adaptive Management and Plan Performance for the Upper 
Santa Ana River Watershed IRWM Plan  

The Upper SAR Watershed IRWM Plan presents the current state of water 
resources planning in the region, based upon available information, and 
recognizes that water management strategies will continue to evolve in response 
to changing conditions.  In recognition of the fluid nature of water management 
in the region, the IRWM Plan incorporates an adaptive management approach 
that is intended to allow the IRWM Plan to stay current in light of changing 
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conditions, such as local and regional water needs and changing regulatory 
requirements.   

In that sense, the planning process is continually evolving in response to these 
changing conditions and the development of additional data that improve our 
understanding, which may redefine our objectives and priorities to respond to 
these changing conditions. 

The adaptive management framework is based on an iterative process of: 

 Collecting information and data regarding the conditions within the 
IRWM Plan Area,  

 Evaluating the new data to determine plan/project performance, and  

 Formulating a plan in response to these changing conditions.   

For this IRWM Plan, adaptive management will primarily occur in the following 
areas:  

Performance Evaluation and Adaptive Process
For Preparing the SBBAAnnual Basin Management Plan

Prepare and implement
Annual Basin

Management Plan

Assess plan
performance

Collect basin data

Decide on
operational changes

for the next year’s plan

1. Preparation of the Annual Basin 
Management Plan for the SBBA.  The 

process for updating the annual 
plan is discussed in detail in 
Chapter 4 and illustrated in 
Figure 4-12.  This process is 
designed to manage the basin 
considering basin conditions 
especially in the preceding year.  
Performance is characterized by 
meeting specific water level and 
water quality objectives 
established for the basin.  The 
data collected for specified key 
stations are reviewed.  The 
groundwater levels and water 
quality data are compared with 
established performance criteria.  

Based on conditions of the groundwater basin, an annual basin 
management plan is prepared and adopted for implementation in the 
subsequent year.  This process for management of the SBBA is 
continuous and adaptive. 
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2. Periodic review of the water management strategies and reprioritization 
of project implementation based on availability of funding, readiness of 
the projects to proceed, and changing conditions. 

3. Continuous refinement of the IRWM Plan process in an adaptive 
management framework to proactively manage the available resources, 
including making a significant investment in the planning and 
implementation of new projects and programs.  This includes preparation 
of periodic updates of the IRWM Plan as needed to respond to changing 
conditions and through a continued working relationship with the TAG 
and other means, and to inform project participants and stakeholders 
about changes to the IRWM Plan. 

The performance evaluation activities will be conducted for the IRWM Plan in 
association with the implementation of projects identified in the Upper SAR 
Watershed IRWM Plan.  Some form of performance evaluation criteria, such as a 
Project Assessment and Evaluation Plan (PAEP), could be developed for projects 
that include public funding prior to implementing the project.  PAEP was 
developed by the SWRCB to measure the effectiveness of a project.  The goals of 
a PAEP are as follows: 

 To provide a framework for assessment and evaluation of project 
performance, 

 To maximize the value of public expenditures to achieve results, 

 To identify measures that can be used to monitor progress towards 
achieving project goals, and 

 To provide information to help improve current and future projects. 

The PAEP will be based on project-specific information, which may be included 
in the implementation of a funding contract agreement to: 

 Describe project characteristics and the project sponsor, 

 Demonstrate consistency with local planning documents such as the 
IRWM Plan, 

 Identify project goals and link goals with desired outcome, 

 Select performance indicators, 

 Identify expected benefits and impacts, 
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 Determine outcome indicators (site-specific, regional, and system-wide), 

 Identify/implement monitoring needed to evaluate a project’s 
performance, 

 Analyze and assess data, 

 Evaluate overall success of the project, and 

 Communicate the results to the TAG. 

Table 6-1 presents an example of a project performance indicator that can be 
used for evaluation of overall success of the proposed projects for the Upper 
SAR Watershed IRWM Plan. 

Table 6-1 
Example of Project Performance Indicator to Assess Project Success 

Projects/Programs Project Goal 
Desired 

Outcome 
Outcome 
Indicators Target 

Project #1     

Project #2     

 

Implementation of projects that support one or more of the water management 
strategies identified in the Upper SAR Watershed IRWM Plan may have several 
monitoring efforts.  These monitoring efforts will provide tools for evaluation of 
project performance.  As mentioned earlier, the most significant performance 
evaluation will be the process for managing the SBBA.  The annual operation of 
the SBBA must comply with a series of conditions set forth in judgments, 
agreements, and MOUs between signed parties for operation of the basin.  The 
operation of the basin is examined every year to ensure the performance 
requirements are met or that specific adaptive management actions will be put 
into place as part of the annual plan for basin operation. 

 



7 Abbreviations and Acronyms 

ABBREVIATIONS AND ACRONYMS 

    
    
Accord Seven Oaks Accord 
ACEC Area of Critical Environmental Concern 

Advisory Commission 

San Bernardino Valley Municipal Water 
District Advisory Commission on Water 
Policy 

AHHG Area of Historic High Groundwater 

Association 
Upper Santa Ana Water Resources 
Association 

Banning City of Banning 

Basin Plan 

1995 Water Quality Control Plan for the Santa 
Ana River Basin as amended in 2004 by R8 
2004-0001  

BBARWA Big Bear Area Regional Wastewater Agency 
BBCSD Big Bear Community Services District 

BBLDWP 
City of Big Bear Lake Department of Water 
and Power 

BCVWD Beaumont-Cherry Valley Water District 
Bear Valley Mutual Bear Valley Mutual Water Company 
Beaumont City of Beaumont 
bgs below ground surface 
Big Bear Municipal Big Bear Municipal Water District 
BLM Bureau of Land Management 
BMO Basin Management Objectives 
BMP Best Management Practice 
BTAC Basin Technical Advisory Committee 
Caltrans California Department of Transportation 
CDPH California Department of Public Health 
CEQA California Environmental Quality Act 
cfs cubic feet per second 
CLAWA Crestline-Lake Arrowhead Water Agency 
Colton Public Utilities City of Colton Public Utilities Department 
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CRA Colorado River Aqueduct 
CSUSB California State University at San Bernardino 
CUWCC California Urban Water Conservation Council 
DBCP debromochloropropane 
DDT dichlorodiphenyltrichloroethane 
Declaration Declaration of Fully Appropriated Streams 
DEIR Draft Environmental Impact Report 
Delta  Sacramento-San Joaquin Delta 
DMM Demand Management Measures 
DWP Department of Water and Power 
DWR California Department of Water Resources 
East Valley East Valley Water District 
EC electrical conductivity 
EOC Engineering and Operations Community 
EPA Environmental Protection Agency 
ESRI Environmental Systems Research Institute 

Exchange Plan 
Santa Ana River-Mill Creek Cooperative 
Water Project Agreement 

FEMA Federal Emergency Management Agency 
FWC Fontana Water Company 
GFDL Geophysical Dynamic Lab 
GIS Geographic Information System 
GMP Groundwater Management Program 
gpm gallons per minute 
HET High-Efficiency Toilet 

ICGMP 
Institutional Controls Groundwater-
Management Program 

ICSA 
Institutional Controls and Settlement 
Agreement 

IEUA Inland Empire Utilities Agency 
IRWM Plan Integrated Regional Water Management Plan 
IWP Integrated Watershed Plan 
LID Low Impact Development 
Lockheed Lockheed Martin Corporation 
Marygold Marygold Mutual Water Company 
MCL maximum contaminant level 
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ABBREVIATIONS AND ACRONYMS 

Metropolitan 
Metropolitan Water District of Southern 
California 

mg/L milligrams per liter 
mgd million gallons per day 
MOU memorandum of understanding 
MPD Master Plan of Drainage 
MSHCP Multi-Species Habitat Conservation Plan 
msl mean sea level 
Muscoy Muscoy Mutual Water Company 

Newmark Site 
Newmark Groundwater contamination 
Superfund Site 

NPDES 
National Pollutant Discharge Elimination 
System 

NPS National Park Service 
NWIS National Water Information System 
OCWD Orange County Water District 
OPMODEL operations model 

Orange County Judgment 
April 17, 1969 Orange County Superior Court 
Judgment 

PAEP Project Assessment and Evaluation Plan 
PCB Polychlorinated Biphenyls 
PCE perchloroethylene 
PCM Parallel Climate Model 
ppb parts per billion 
Reclamation U.S. Bureau of Reclamation 
Regents Regents of the University of California 

Region 
Integrated Regional Water Management Plan 
Area 

RFQ Request for Qualifications 
Rialto City of Rialto 
Riverside Highland Riverside Highland Water Company 
RIX Rapid Infiltration Extraction 
RM river mile 
RPU City of Riverside Public Utilities Department 

RRWQCP 
Riverside Regional Water Quality Control 
Plant 

RWQCB Regional Water Quality Control Board 
SAR Santa Ana River 
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SARI Santa Ana Regional Interceptor 

SARRWQCB 
Santa Ana River Regional Water Quality 
Control  Board 

SART Santa Ana River Trail 
SAWA Santa Ana Watershed Association 
SAWPA Santa Ana Watershed Project Authority 
SAWPA Plan Santa Ana Watershed Project Authority Plan 
SBBA San Bernardino Basin Area 
SBCFCD San Bernardino County Flood Control District 
SBMWD San Bernardino Municipal Water Department 
SBNF San Bernardino National Forest 

SBVWCD 
San Bernardino Valley Water Conservation 
District 

SCADA Supervisory Control and Data Acquisition 

SCAG 
Southern California Association of 
Governments 

SCCWRP 
Southern California Coastal Water Resource 
Project 

SGPWA San Gorgonio Pass Water Agency 
SOC synthetic organic compound 
State State of California 

STWMA 
San Timoteo Watershed Management 
Authority 

STWMP 
San Timoteo Watershed Management 
Program 

SWAMP Surface Water Ambient Monitoring Program 
SWP  State Water Project 
SWRCB State Water Resources Control Board 
TAF thousand acre-feet 
TAG Technical Advisory Group 
TCE trichloroethylene 
TDS total dissolved solids 
TMDL total maximum daily load 
UCR University of California Riverside 
ULFT Ultra-Low-Flow Toilet 
USACE U.S. Army Corps of Engineers 
USFS U.S. Forest Service 
USGS U.S. Geological Survey 
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ABBREVIATIONS AND ACRONYMS 
UWMP Urban Water Management Plan 

Valley District 
San Bernardino Valley Municipal Water 
District 

VOC volatile organic compound 
West Valley West Valley Water District 
Western Western Municipal Water District 

Western Judgment 

Western Municipal Water District of 
Riverside County v. East San Bernardino 
County Water District,  
Case No. 78426 

WQMA Water Quality Management Agency 
WQO water quality objectives 
WRI Water Resources Institute 
WRP Water Reclamation Plant 
WSPA Wooly-Star Preserve Area 
WWTP waste water treatment plant 
YVWD Yucaipa Valley Water District 
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WATER RESOURCES AND MODELING:

Pre Rainy Season
Post Rainy 
Season

State Water Project (SWP) Allocation (~25% needed for direct deliveries 25%
SBVMWD/WMWD Santa Ana River Diversions for 2010: in process

San Bernardino Basin Area Conditions:
     Liquefaction potential: Low
     Leakage across the San Jacinto Fault: Low
     2009 Annual Change in Storage (78,400)
     2009 Cumulative Change in Storage (433,000)
     2010 Change in Storage in process

     Cumulative Change in Storage trend Down
     Precipitation trend Slightly UP
     Subsidence risk? App H
San Bernardino Basin Area 2008 Groundwater Modeling:
     Maximum artificial recharge in 2009 if 2010 is a "flood" year (1969)1: 125,300
     Maximum artificial recharge in 2009  if 2010 is a "critically dry" year1: 184,000
     Increased liquefaction potential due to  recharge maximums? No
     Contamination plumes negatively impacted due to recharge maximums? No
Water Levels App D
1  Groundwater model being revised.  Modeling results from 2008, assumes average natural recharge in 2011.

BTAC RECOMMENDATIONS

Pre Rainy Season
Post Rainy 
Season

SBVMWD/WMWD Santa Ana River Diversions in 2011:
     Direct delivery
     Artificial Recharge All
     Exchange (long‐term storage/banking, 40 cfs max)

Additional San Bernardino Basin Area pumping not required

State Water Project Water for 2011:
   Available:

         Entitlement (25% allocation as of November 2010) 25,650               
         Carryover from 2010 10,000               
         Yuba Accord 3,000                  
         Dry year yield program ‐                      

TOTAL AVAILABLE 38,650               

    Estimated Direct Deliveries (25,000)              
BALANCE 13,650               

    Recommended Uses for Remaining State Water Project Water in 2011:

          Short‐term (carryover) storage for direct deliveries in 2012 (10,000)              
          Artificial recharge in local basins (3,650)                
          Long‐term storage/banking

          Other

Purchase additional imported water No
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2011 Regional Water Management Plan (continued)

BTAC RECOMMENDATIONS (Continued)
Artificial Recharge Targets

Artificial 
Recharge

20112

San Bernardino Basin Area Local SWP (Suggested Max)
          1.  Waterman Basins 21,000                       
          2.  Santa Ana Basins3 60,000                       
          3.  Mill Creek Basins 8,000                          
          4.  City of Redlands Spreading Basins
          5.  Bear Valley Spreading Basin
          6.  (Not used, previously City Creek) ‐                              
          7.  Patton Basin 300                             

          8.  EVWD Turnout

          9.  East Twin Creek Spreading Basin 17,000                       
          10.  Badger Basins 2,700                          
          11.  Wiggins Basin
          12.  Devil Canyon & Sweetwater Basins 16,000                       
          13.  Gravel Pits
          14.  Lower Lytle Creek Basins (proposed)

Sub‐total SBBA 125,000                     

Reserve Account (Riverside Agreement) (4,470)                         

2  Suggested maximums based on computer modeling runs.  See Appendix F.

Rialto‐Colton Basin
Yucaipa Basin 
Riverside North Basin
     SBVMWD Recharge in Riverside North (have until 2013) 423                             

     Other

Other Requirements

Pre Rainy Season
Post Rainy 
Season

Water Level Requirements of Agreements met? Yes

Triennial water quality report provided to RWQCB? Aug 2012

 2011 Regional Water Management Plan  4



2011 Regional Water Management Plan
Groundwater Dashboard

Liquefaction
Potential

HIGH
(1991)

2009

2008

Subsidence
Potential

HIGH
(1965)
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Airport

SAR

Mill C k

Devil Cyn
Sweetwater

Badger
Waterman CitP tt Airport Mill Creek

Lower 
Lytle (Proposed)

Waterman
East Twin

City
Creek

Patton
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Definitions 
 

Artificial recharge:  Intentionally introducing water into the groundwater 
system by manmade means such as pouring water into pits and allowing it to 
percolate into the ground. 

BTAC:  Basin Technical Advisory Committee 

Direct delivery:  Any delivery that is made to benefit one single agency.  
Examples include deliveries to surface water treatment plants and for 
artificial recharge projects that recharge a specific well field owned by one 
agency.  

SBBA:  San Bernardino Basin Area 

Western Judgment:  Western Municipal Water District of Riverside County, et 
al. vs. East San Bernardino County Water District, et al., 1969. 
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Purpose 
 
In December 2007, fourteen agencies adopted the Upper Santa Ana Watershed Integrated Regional Water 
Management Plan (Integrated Plan).  This comprehensive water resources plan identifies various 
management strategies that will help ensure a reliable water supply for the San Bernardino, Yucaipa, Big Bear 
Valleys, and San Gorgonio Pass area.  The Plan covers all, or portions of the cities and communities of San 
Bernardino, Riverside, Fontana, Rialto, Colton, Grand Terrace, Loma Linda, Highland, Redlands, Mentone, 
Yucaipa, Big Bear Lake, the San Timoteo Watershed, Beaumont, Banning, Cherry Valley and a large portion 
of the San Bernardino National Forest.  Most of the study area is within the boundaries of the San Bernardino 
Valley Municipal Water District (Valley District). 
 
Within Valley District, over 60% of the water demand is met by groundwater.  Of that groundwater, over 
70% comes from the San Bernardino Basin Area (SBBA).  Given the importance of the SBBA, a process for 
managing the SBBA was developed as part of the Integrated Plan.  The process is to be implemented by the 
Basin Technical Advisory Committee (BTAC) and generally consists of tracking the inflow and outflow from 
the SBBA as well as complying with all of the requirements of various judgments, agreements, and MOUs 
developed and agreed upon by water entities in the region.  Per the Integrated Plan, the BTAC is to produce 
a management plan each year and submit it to the Boards of Directors that are responsible for the overall 
management of the SBBA, Valley District and Western Municipal Water District (Western).   
 
Although the SBBA is the single largest resource within Valley District’s service area, its service area also 
includes all, or portions, of the following basins:  Riverside North, Rialto-Colton and Yucaipa.  In addition to 
these groundwater resources, Valley District also has an entitlement to 102,600 acre-feet of State Water 
Project water that is used for both direct deliveries to treatment plants and artificial recharge of the 
groundwater basins.  Realizing the need to consider these, and other, regional water resources, the BTAC 
decided to expand the management plan for the SBBA to include other basins within the Valley District 
service area and other regional resources such as the State Water Project.  The result is this comprehensive 
Regional Water Management Plan. 
 
The Integrated Plan requires that the management plan for any given year be submitted by November of the 
previous year.  However, little water resources information is known in November about a subsequent year.  
For example, there is no way to determine if the precipitation for the upcoming year will be classified as wet, 
dry or normal.  Although there is much uncertainty about the water resources “picture” in November, the 
BTAC can give recommendations regarding the use of Santa Ana River water that will be diverted by Valley 
District and Western.  Since the other water resources information will not be available until the following 
year, the BTAC has decided to do an update of the annual plan the following May.  By this time, it is 
anticipated that the BTAC will have key information such as the final allocation of SWP water and whether the 
precipitation was wet, dry or normal. 
 
The following sections of this document were taken from the Integrated Plan and are provided for reference.  
The appendices of this document contain the technical information on which the BTAC’s recommendations 
are based.   
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San Bernardino Basin Area Governance 

The Western Judgment identifies regional representative agencies to be responsible, on behalf of the 
numerous parties bound thereby, for implementing the replenishment obligations and other requirements of 
the judgment.  The representative entities for the Western Judgment are Valley District and Western.  Valley 
District is solely responsible for providing replenishment of the SBBA if extractions exceed the safe yield of 
the basin.  The court-appointed Watermaster includes representatives from Valley District and Western.  The 
proposed basin management process could be under the authority of the Valley District and Western Boards 
of Directors with inputs from other significant producers. 

 

Basin Technical Advisory Committee (BTAC) 

The Integrated Plan established the BTAC membership as the staff representatives from plaintiffs and non-
plaintiffs of the Western Judgment.  Since the Integrated Plan was adopted, the BTAC has unanimously 
decided to include any other agencies that wish to participate in the development of the regional water 
management plan.  The BTAC will meet as often as needed to effectively “operate” the regional water 
resources within Valley District on a real-time basis and to address any other technical issues related to basin 
management.  The BTAC strives to make decisions by consensus. 

 

SBBA Basin Management Strategy   

The BMOs formulated for the SBBA are the driving force in developing strategies for the basin management 
plan.  The BMOs are as follows: 
 

 Improve water supply reliability during droughts, 

 Protect water quality, 

 Reduce risk of liquefaction, and 

 Avoid impact from and to the contaminant plumes. 

To ensure adequate reliable water supply for the communities in the Upper SAR watershed during a 
prolonged drought, the overall basin management strategy will be to operate the basin under the “Tilted 
Basin Concept” such that the basin would begin a drought period in “as full as possible” condition.  Keeping 
the basin relatively full and operating a conjunctive management program according to the “Tilted Basin 
Concept” also provides the added flexibility to reduce imports from the SWP when water quality is less 
desirable.  This overarching management strategy will be followed by the BTAC as they draft the basin 
management plan.  Some of the specific management strategies that could contribute to improving water 
supply reliability during a drought are as follows: 
 

 Retailers could take direct deliveries of SWP water when available instead of producing 

water from their wells.  This reduces the amount of water withdrawn from the groundwater 

basin, which is equivalent to recharging the basin.  This strategy will require participation by 

the water agencies and may require the construction of new water treatment plants or 

upgrades to existing plants. 
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 Recharge as much SWP water as possible when available.  This will likely result in spreading 

water in wet years, which has not occurred as much in the past.  It may also require 

upgrading the existing spreading grounds. 

 Prepare, to the extent possible, for the high groundwater condition that may be created by 

maintaining a “full basin” when a wet year arrives. 

o Implement an agreement(s) with groundwater producers within the Pressure Zone to 

maximize production from the Pressure Zone as much as practicable during 

unacceptably high groundwater level conditions. 

o Construct additional facilities to pump and convey large quantities of water from the 

Pressure Zone for use outside the Pressure Zone. 

The San Bernardino Basin Area Management Plan will be developed in consideration of this overall 
management strategy and the BMOs. 

SBBA Basin Management Requirements (Legal Agreements) 

The annual basin management plan for the SBBA will meet the requirements identified in the following legal 
documents: 
 

1. Western Judgment – April 1969 

2. Seven Oaks Accord – July 2004 

3. Settlement Agreement between SBVWCD, Valley District, and Western – August 2005 

4. MOU between City of Riverside, Valley District, and Western – September 2005 

5. Agreement between City of Riverside, Valley District, and Western – March 2007 

6. Cooperative Agreement to Protect Water Quality and Encourage the Conjunctive Uses of Imported 

Water in the Santa Ana River Basin, June 2007 

7. Consent Decree, City of San Bernardino v. United States of America, CV 96-8867 and CV 96-5205 

(Consolidated). 

A summary of the pertinent basin management information from each of these documents is provided below. 
 
1) Western Judgment 

a) Natural Safe Yield - established at 232,100 acre-feet per year.  The Plaintiffs’ (Western entities) 

rights are capped at 27.95 percent of the natural safe yield, or 64,862 acre-feet, notwithstanding any 

Additional Extraction Agreements or “new conservation,” as defined in the judgment.  The Non-

Plaintiffs’ (Valley District entities) rights are unlimited provided that an equal amount of basin 

replenishment occurs to offset any amount that the Non-Plaintiff production exceeds—72.05 percent 

of the natural safe yield, or 167,238 acre-feet.  An annual report, entitled Annual Report of the 

Western-San Bernardino Watermaster, provides an “accounting” of basin extractions.   

b) Replenishment – Valley District is responsible for replenishing the SBBA for that amount of Non-

Plaintiff extractions exceeding 167,238 acre-feet.  The replenishment obligation may be met by any 

of the following means: 
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i) Return flow from excess extractions; 

ii) Replenishment provided in excess of that required; 

iii) Amounts extracted without replenishment obligations (i.e., Additional Production Agreement); 

iv) That amount of water extracted below the natural safe yield; and 

v) Return flow from imported water. 

c) New Conservation is defined in the 1969 Judgment as “any increase in replenishment from natural 

precipitation which results from operation of works and facilities not now in existence.”  The 

judgment contemplated that the parties would develop facilities that would result in the capture of 

more natural runoff.  Construction of the Seven Oaks Dam within the SAR has provided such an 

opportunity, and Valley District and Western are seeking to obtain a water right from the SWRCB and 

to construct the facilities necessary to capture SAR water that was not historically captured.  The 

parties under the Western Judgment will have their adjusted extraction rights increased to include a 

proportionate share of any New Conservation, provided that each Plaintiff party pays its 

proportionate share of the costs to develop said New Conservation. 

2) Seven Oaks Accord 

a) Groundwater Spreading/Management Program (GMP) – Requires Valley District and Western 

to develop and manage a groundwater spreading program in cooperation with other parties, “That is 

intended to maintain groundwater levels at the specified wells at relatively constant levels, in spite of 

the inevitable fluctuations due to hydrologic variation.”  Specific requirements of the Seven Oaks 

Accord are as follows:  

i) GMP shall identify target water-level ranges in the specified “index wells” subject to the 

requirement that such spreading will not worsen high groundwater levels in the Pressure Zone.   

ii) Thresholds of significance in terms of SAR water diverted by Valley District and Western and 

spreading by all parties should be observed (see sidebar).  See Appendix I of the Accord. 

iii) The determination as to whether a certain groundwater management action will “worsen” high 

groundwater levels in the Pressure Zone is made through the use of the integrated surface and 

groundwater models. 

iv) GMP must be “adopted” within five years of the date the SWRCB grants a permit to Valley 

District/Western.  To date, Valley District and Western have not received the permit. 

v) Redlands, East Valley, and Bear Valley Mutual agree to limit spreading to conform to the annual 

GMP. 

3) San Bernardino Valley Water Conservation District Settlement Agreement 

a) Annual Groundwater Management Plan – Valley District and Western will consult with SBVWCD in the 

development of the GMP.   

b) An interim GMP could be developed prior to the completion of the model being developed for the San 

Bernardino Basin Area.   

c) GMP objectives to be achieved simultaneously include: 

i) Maximize the quantity of water spread in the SAR spreading grounds. 

ii) Establish and maintain a shallowest target of 50 feet depth to water within the Pressure Zone. 
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iii) Maintain groundwater levels in the Forebay Area within 10 feet of the levels that would have 

occurred in the absence of SAR diversions by Valley District and Western.  Quantifying the 

difference between diversions and no diversions will be accomplished using the groundwater flow 

model developed for the SBBA. 

iv) Otherwise avoid significant impacts on the environment. 

d) Set as a goal to coordinate the San Bernardino Consent Decree management plan with the GMP.   

e) No spreading will take place without authorization by the GMP. 

4) Riverside MOU 

a) Basin Management Account – Established with funds and future revenues from the SBVWCD “to fund 

recharge efforts in the basin.” 

b) Valley District and Western are required to exercise SBVWCD water rights in a manner that:  

i) Maintains groundwater levels for the benefit of the production wells in the geographic area 

historically served by the SBVWCD at relatively constant levels. 

ii) Maximizes the use of native water supplies to replenish the SBBA without causing high 

groundwater problems in the artesian zone and without causing the migration of contaminant 

plumes that would result in significant degradation of the water quality in any domestic well. 

c) Valley District will spread sufficient water to ensure that groundwater supplies necessary to support 

the safe yield of the SBBA are maintained pursuant to the Western Judgment. 

5) Riverside Agreement 

a) This agreement establishes the Seven Oaks Dam Water Diversions Engineering and Operations 

Committee (EOC) to develop and implement procedures to: 

i) Maintain the groundwater levels in the Index Wells at relatively constant levels, in spite of 

fluctuations due to hydrologic variation. 

ii) Minimize such fluctuations (reduce highs and lows). 

iii) Provide water “accounts” to Riverside to offset the loss of recharge to the SBBA and/or Riverside 

North due to Western/Valley District SAR water diversions. 

(1) “Reserve Account” is initially established as 38 percent of the total volume of water diverted 

from the SAR by Valley District and Western pursuant to the SWRCB water right permit.  To 

be recharged in the SBBA either directly or through an exchange. 

(2) “Replacement water” varies from 0 to 6 percent of the flow at the E Street Bridge.  Water to 

be recharged into the Riverside North basin. 

iv) Develop recommendations to the Western Judgment Watermaster regarding the classification of 

diverted SAR water as either New Conservation or existing safe yield of the SBBA. 

b) EOC will meet no later than six months after the SWRCB grants permits to Valley District and Western 

to develop the initial procedures.  Ongoing, the EOC will meet no later than October 1 of each year.  

The EOC shall meet on a regular basis to effectively operate, on a real-time basis, a program to 

achieve the objectives listed above.  EOC decisions will be implemented once approved by the EOC 

and will be provided to the BTAC for inclusion in the Annual San Bernardino Basin Area Management 

Plan.  The tasks of the EOC could be covered at the BTAC meetings, realizing that most of the 
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members of the BTAC have no standing in this agreement and the decisions of the EOC are not 

subject to review by BTAC or any of the BTAC members. 

c) Water levels at the index wells outside the Pressure Zone must be maintained at no lower than 10 

feet, on average, during a repeat of the 39-year base period.  Valley District will commence 

spreading to maintain these levels. 

d) If the 12-month rolling averages of the Backyard Well ports D4, D5, and D6 are 50 feet bgs or 

greater, Valley District and Western will recharge water from the Reserve Account. 

6) Consent Decree, City of San Bernardino March 23, 2005 

a) The City of San Bernardino Municipal Water Department (SBMWD) is a party to a consent decree 

entered in March 2005.  The Consent Decree obligates the SBMWD to operate and maintain a system 

of wells and treatment plants known as the Newmark Groundwater Contamination Superfund Site 

(Newmark Site).  The Newmark Site specifically treats groundwater contaminated with TCE and 

perchloroethylene (PCE). 

b) The SBMWD is required by the terms of the Consent Decree, entered on March 23, 2005, to enact 

institutional controls and implement an ordinance providing for the protection and management of 

the Interim Remedy set forth in the Record of Decisions and Explanation of Significant Differences 

prepared by the Environmental Protection Agency (EPA).   

7) City of San Bernardino Ordinance No.  MC-1221 and Institutional Controls Settlement 
Agreement (ICSA) 

a) Ordinance No.  MC-1221 – This ordinance establishes the management zone boundaries within the 

City of San Bernardino for water spreading and water extraction activities. 

i) The Consent Decree requires that the City of San Bernardino adopt and enforce an ordinance to 

ensure that activities occurring in the management zone, including, but not limited to, 

development, digging, drilling, boring or reconstruction of wells, extraction of groundwater from 

wells, and spreading of recharge water, do not interfere or cause pass-through of contaminants 

from the Newmark and Muscoy Operable Units.  The ordinance was approved on March 20, 

2006, by the Mayor and City Council. 

ii) The Interim Remedy requires the extraction of contaminated groundwater from the Bunker Hill 

Groundwater Basin and within the Newmark and Muscoy Operable Units, and treatment of the 

groundwater to meet all State of California (State) and federal permits and requirements for 

drinking water. 

iii) Unless a permit issued by the SBMWD pursuant to the provisions outlined in the ordinance is first 

obtained, it shall be unlawful for any person, as principal, agent, or employee to spread (artificial 

recharge) or extract (well pumping) within the Management Zones as defined in the ordinance. 

b) Institutional Controls Settlement Agreement (ICSA) 

i) An agreement (ICSA) has been executed to develop and adopt a successor agreement, titled 

Institutional Controls Groundwater  Management Program (ICGMP), between the following 

parties: 

(1) City of San Bernardino Municipal Water Department 

(2) San Bernardino Valley Municipal Water District 
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(3) Western Municipal Water District 

(4) City of Riverside 

(5) West Valley Water District 

(6) East Valley Water District 

(7) City of Colton 

(8) Riverside Highland Water Company 

ii) The parties identified above will not be subject to the provisions of City of San Bernardino 

Ordinance No.  MC-1221 as long as each is a party to the ICSA and, subsequently, the ICGMP 

Agreement. 

8) Cooperative Agreement to Protect Water Quality and Encourage the Conjunctive Uses of 
Imported Water in the Santa Ana River Basin 

a) Requires the preparation of a triennial water quality report, limited to nitrogen and total dissolved 

solids (TDS), which analyzes whether the recharge of imported water had any adverse impact on 

compliance with Salinity Objectives established in the Water Quality Control Plan for the Santa Ana 

River Basin.  The first report is due August 2009 and then every three years thereafter. 

b) Requires any party that is serving as a lead agency for a project involving the recharge of imported 

water to analyze any adverse impacts on Salinity Objectives as part of the California Environmental 

Quality Act (CEQA) review process.  Said analysis must be made with a groundwater quality model 

listed in the agreement. 

Development of Annual Management Plan for the SBBA 

Considering the provisions of the above judgments and agreements, a process was developed for managing 
the SBBA (see Appendix A).  This process is intended to be flexible and will be modified, as needed.  The 
main purpose in developing a process is to ensure that management of the SBBA is in compliance with the 
provisions of the applicable judgment and agreements and to provide a cooperative forum among the water 
agencies to engage in developing solutions. 

  



 

 

APPENDIX 
  



 
 

 

A. PROCESS FLOW CHART FOR MANAGING THE SBBA 

  



Sources:
o Western Judgment – April 1969
o Seven Oaks Accord – July 2004
o Settlement Agreement Among SBVWCD, SBVMWD, and WMWD – August 2005
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B. SBBA RECOMMENDATIONS 
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C. RIVERSIDE AGREEMENT SUMMARY 

  







Riverside Agreement
2009 Statement

TOTAL SBVMWD/WMWD DIVERSIONS FOR 2009 0.0 acre‐ft

RESERVE ACCOUNT (San Bernardino Basin Area)
Amount 
(acre‐ft) Expiration

Beginning Balance (4,470.2) 8/31/2013
2009 Recharge of SBBA by SBVMWD/WMWD 0.0 
Required SBBA recharge to offset 2009 diversions 0.0 

2009 Balance (negative indicates credit) (4,470.2) 8/31/2013

RIVERSIDE NORTH BASIN RECHARGE ACCOUNT

Amount
(acre‐ft) (Desired) (no later than)

Beginning Balance 423.0  8/31/2009 8/31/2013
Required recharge to offset 2009 diversions 0.0 

2009 Balance 423.0  8/31/2009 8/31/2013

Amount available for in‐lieu delivery 302.5 

Recharge Deadline
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City of San Bernardino

19th St No.2
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Antil Well No.5
UPPER 10%
UPPER 20%
UPPER 30%
LOWER 30%
LOWER 20%
LOWER 10%

Antil No. 5
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East Valley Water District

Plant No.6
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East Valley Water District

Plant No.27
UPPER 10%
UPPER 20%
UPPER 30%
LOWER 30%
LOWER 20%
LOWER 10%

Plant No. 27
Index Well Hydrograph
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East Valley Water District

Plant No.41
UPPER 10%
UPPER 20%
UPPER 30%
LOWER 30%
LOWER 20%
LOWER 10%

Plant No. 41
Index Well Hydrograph
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Plant No. 9A
Index Well Hydrograph
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East Valley Water District

Plant No.94
UPPER 10%
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Plant No. 94
Index Well Hydrograph

Target Zone

Recharge Zone
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Plant No. 102
Index Well Hydrograph
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F. GROUNDWATER MODEL RESULTS 

 

The purpose of the groundwater modeling run is to determine the 
theoretical maximum amount of recharge that could occur during 
2010 without causing high groundwater or causing problems with 
contamination cleanup projects.  Since last year’s precipitation was 
below average, basin conditions are essentially the same as 2009.  
Therefore, the BTAC did not feel a new model run was necessary for 
this year’s report.  Instead, the results of last year’s modeling run are 
being used for this year’s report and are included in this appendix. 
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1.0 MODEL SUMMARY 

Model Run 
Name 

2009 Regional Water 
Management Plan  

Model Run 1 
Wet Scenario with Maximum 

Replenishment in 2009 

2009 Regional Water 
Management Plan  

Model Run 2  
Dry Scenario without 

Replenishment in 2009 

2009 Regional Water 
Management Plan  

Model Run 3 
Dry Scenario with Maximum 

Replenishment in 2009 

Client San Bernardino Valley Municipal Water District (Valley District) 

Project Upper Santa Ana River Watershed 2009 Regional Water Management Plan  

Hydrology 
Used 

A Median Hydrologic Year in 
2009 (i.e. 1974) Followed by a 

Very Wet Year in 2010 (i.e. 
1969) 

A Median Hydrologic Year 
in 2009 (i.e. 1974) Followed 

by a Critical Dry Year in 
2010 (i.e. 1990) 

A Median Hydrologic Year 
in 2009 (i.e. 1974) Followed 

by a Critical Dry Year in 
2010 (i.e. 1990) 

Predicted 
Period 

2009-2010 

Number of 
Years 

Predicted 
Two Years 

Model Stress 
Period 

Annual 

Computer 
Code 

MODFLOW 2000 and MODPATH 

Report This Report 

Findings 

Maximum replenishment of 
125,300 acre-ft in 2009 (see 
Table 2) (1) would not cause 
depth to water shallower than 
50 ft in the Pressure Zone (see 
Figure 32) and (2) would not 
impact the contamination 
plumes (see Figure 33) 

No replenishment in 2009 
would result in a cumulative 
change in groundwater storage 
of -495,000 acre-ft in 2010.  
This is very close to the 
historical low of -572,600 
acre-ft in year 1965 (see 
Figure 31) 

Maximum replenishment of 
184,000 acre-ft in 2009 (see 
Table 2) (1) would not cause 
depth to water shallower than 
50 ft in the Pressure Zone and 
(2) would not impact the 
contamination plumes (see 
Figure 33) 
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2.0 BASIC ASSUMPTIONS 

The following table summarizes the basic assumptions for the IRWMP Baseline Run 1. 

 

Model Assumptions 2009 Regional Water Management Plan 

Hydrologic Period 
Run 1: 1974 (Median) and 1969 (Very Wet). 
Run 2: 1974 (Median) and 1990 (Critical Dry). 
Run 3: 1974 (Median) and 1990 (Critical Dry). 

Groundwater Pumping Groundwater pumping was determined based on the 2006 
pumping records. 

Valley 
District’s 

Replenishment 
Obligation 

Run 1:  The maximum possible replenishment was 
estimated based on model iterative runs so that the amount 
of replenishment in 2009  (1) would not cause depth to 
water shallower that 50 ft in the Pressure Zone and (2) 
would not impact the contamination plumes. 
Run   2:    No replenishment. 
Run 3: The maximum possible replenishment was 
estimated using the same approach as the Run 1. 

Diversion by 
SBVWCD1 Based on SBVWCD’s licensed rights. 

Diversion by 
Senior Water 

Rights 
Claimants 

Diversion by Senior Water Rights Claimants was based on 
Seven Oaks Accord. 

Artificial Recharge 

SAR2 Water 
Right 

Applications 

Under the project, Valley District/Western have several 
options for conveying and distributing SAR water.  The 
water can be put either to direct use, stored in groundwater 
basins within the Muni/Western service area for later 
extraction and use, or conveyed to agencies outside the 
Muni/Western service area for their use and returned 
through exchange. 

 

 

 

 

 

                                                 
1  San Bernardino Valley Water Conservation District 
2  Santa Ana River 
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3.0 ARTIFICIAL RECHARGE 

Artificial recharge includes replenishment of SAR water by SBVWCD (Licensed rights) and 
Valley District/Western (SAR Water Right Applications) and replenishment of SWP3 water by 
Valley District per the Western Judgment.   
 
The spreading of SAR water by SBVWCD was estimated by the OPMODEL.  The OPMODEL 
assumes the first 88 cubic feet per second (cfs) of the SAR water is diverted by the Senior Water 
Rights holders (per the Seven Oaks Accord).  The remaining SAR water, if it is available, is then 
diverted by the SBVWCD according to the licensed rights at 10,400 acre-ft/yr. 
 
Under the SAR Water Right Applications, Valley District and Western have several options for 
conveying and distributing SAR water.  The water can be put either to direct use, stored in 
groundwater basins within the Valley District/Western service area for later extraction and use, or 
conveyed to agencies outside the Valley District/Western service area for their use and returned 
through exchange.  The amount of spreading possible at various spreading grounds was estimated 
by the capacity of  the spreading grounds and assigned to the groundwater model. 
   
For purpose of this study, the replenishment of SWP water by the Valley District for the Model 
Runs 1 and 3 is the maximum possible replenishment in 2009.  For model Run 2, no 
replenishment was assumed.  The maximum possible replenishment was estimated based on 
model iterative runs so that the amount of replenishment in 2009 (1) would not cause depth to 
water shallower that 50 ft in the Pressure Zone and (2) would not impact the contamination 
plumes.  The amount of replenishment at each spreading ground was then assigned to the 
groundwater model using the Recharge Package, assuming a 5% evapotranspiration loss. 
 
Table 1 shows the resultant replenishment by spreading grounds during the model simulation 
period from 2009 to 2010 for each model run.  As shown, the estimated maximum possible 
replenishment in 2009 would be 125,300 acre-ft for Wet Scenario (Run 1) and 184,000 acre-ft 
for Dry Scenario (Run 3), respectively. 

                                                 
3  State Water Project 
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4.0 PRODUCTION 

Groundwater pumping was determined based on the 2006 pumping records.  Table 2 shows the 

annual groundwater pumping by agency used for the model Runs 1, 2 and 3.  The total annual 

groundwater pumping is 197,645 acre-ft in years 2009 and 2010 for Model Runs 1, 2 and 3. 

 

5.0 MODEL RESULTS 

5.1 Groundwater Elevation Maps 

Groundwater elevation contours for the model Runs 1, 2 and 3 in 2010 are shown on Figures 1, 2 

and 3, respectively. 

 

 
5.2 Hydrographs of Key Wells 

Figure 4 shows the location of the 25 key wells for the Seven Oaks Accord and the Backyard 

Well4. 

 

The model predicted depth to water from each model run for the 25 Seven Oaks Accord key 

wells and the Backyard Well is shown in Figures 5 through 30.  

 

 

5.3 Cumulative Annual Change in Groundwater Storage 

The cumulative annual change in groundwater storage for the San Bernardino Basin Area for 

each of the model run is shown in the Figure 31.  As shown, the cumulative change in 

                                                 
4    The Backyard Well is a monitoring well per the Agreement Relating to the Diversion of Water from the Santa Ana River 

System among Western Municipal Water District, San Bernardino Valley Municipal Water District and City of Riverside 

(2007). 
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groundwater storage in 2010 under the model Run 2 (Dry Scenario without replenishment in 

2009) would be -495,000 acre-ft.  This is very close to the historical low of -572,600 acre-ft in 

year 1965.  

 

 

5.4 Groundwater Budget 

The inflow terms for the model include recharge to groundwater from gauged streamflow, 

artificial recharge (including Valley District SWP Water Replenishment, Valley District/Western 

SAR Water Replenishment and spreading of SAR water by SBVWCD), local runoff generated 

by precipitation, infiltration from direct precipitation, return flow from groundwater pumping, 

ungaged mountain front runoff, and underflow.  The outflow terms comprise evapotranspiration, 

groundwater pumping, and underflow.  The difference between the total inflow and total outflow 

is the change in groundwater storage.  Annual groundwater budgets for the model Runs 1, 2 and 

3 are shown in Tables 3, 4 and 5, respectively.  

 

 

5.5 Liquefaction Potential  

Liquefaction typically occurs in recent (Holocene to late Pleistocene) deposits of silt, sand, and 
gravel.  Most liquefaction occurs where the depth to groundwater is less than 50 ft; this depth is 
traditionally considered adequate for most investigations of liquefaction potential (Martin and 
Lew, 19995).  Soil liquefaction is a major cause of damage during earthquakes.  For the purposes 
of this report, areas with depth to groundwater of less than 50 ft in the Pressure Zone were 
evaluated for each model scenario.   
 
Results show that approximately 170 acres of area in the Pressure Zone would have a depth to 

                                                 
5     Martin, G.R. and Lew, M. (ed.), 1999.  Recommended Procedures for Implementation of DMB Special Publication 117 

Guidelines for Analyzing and Mitigating Liquefaction Hazards in California.  Organized through the Southern California 
Earthquake Center, University of Southern California, 63 p. 
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water less than 50 ft (less than 1% of the Pressure Zone area) in 2010 under model Run 1 
conditions (Wet Scenario with Maximum Replenishment in 2009) (see Figure 32).  As shown, 
the area with depth to water less than 50 ft would occur in the vicinity of Santa Ana River and 
Lytle Creek channels as a result of significant recharge from the streamflow in year 2010.  This 
would occur even without any artificial recharge in 2009 based on the results from an iterative 
model run.   
 
An additional model run was performed to examine the potential liquefaction area in the Pressure 
Zone for a longer period after the maximum replenishment in 2009 followed by the very wet 
year 2010.  This was done by extending the model for another five years (i.e. extended to 2015) 
assuming an average year (i.e. hydrologic year 1973) for the period 2011 to 2015.  Results show 
that potential liquefaction would occur in a very small area in the vicinity of river channels.  The 
acreage of the potential liquefaction area in the Pressure Zone would be 10, 20, 80, 180 and 
270 acres in year 2011 through 2015, respectively. 
 
There would be no area with depth to water less than 50 ft in the Pressure Zone for model Run 2 
(Dry Scenario without Replenishment in 2009) and Run 3 (Dry Scenario with Maximum 
Replenishment in 2009).   
 
 
5.6 Impact on Contamination Plumes 

The purpose of the MODPATH model was to evaluate potential impacts of the maximum 

replenishment on remediation (i.e. cleanup) efforts by evaluating directions of groundwater flow 

paths and travel times.  MODPATH is a post-processing package developed to compute 

three dimensional flow paths (i.e. particle tracking) using output from the groundwater flow 

model.  MODPATH uses a semi-analytical particle-tracking scheme that allows an analytical 

expression of the particle's6 flow path to be obtained within each finite-difference grid cell.  

Particle paths are computed by tracking particles from one cell to the next until the particle 

                                                 
6  A “particle track” would represent the flow path taken by groundwater through model time and influenced by 

any relevant recharge or discharge component (e.g. pumping or spreading).  
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reaches a boundary, an internal sink/source, or satisfies some other termination criterion. 

 

MODPATH does not take into account dispersion, retardation or half-life decay.  The results of 

MODPATH simply provide an indication of the direction and rate of groundwater flow.   

Particles were released approximately 1,000 ft north of the Newmark Plume front extraction 

wells and 500 ft north of the Muscoy Plume front extraction wells in 2009.  As shown in 

Figure 33, these particles traveled from north to south following the groundwater flow direction 

and were either captured by the extraction wells or on the way to being captured.   
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San Bernardino Valley Municipal Water District
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San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

 19-Nov-08 GEOSCIENCE Support Services, Inc.

Depth To Water for City of San Bernardino Devil Canyon Well No. 3
SBBA BTAC Wet and Dry Scenarios 2009-2010
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San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

 19-Nov-08 GEOSCIENCE Support Services, Inc.

Depth To Water for City of San Bernardino Devil Canyon Well No. 1
SBBA BTAC Wet and Dry Scenarios 2009-2010
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San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

 19-Nov-08 GEOSCIENCE Support Services, Inc.

Depth To Water for City of San Bernardino Cajon Well No. 1
SBBA BTAC Wet and Dry Scenarios 2009-2010
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San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

 19-Nov-08 GEOSCIENCE Support Services, Inc.

Depth To Water for City of San Bernardino Mt. Vernon Well
SBBA BTAC Wet and Dry Scenarios 2009-2010
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San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

 19-Nov-08 GEOSCIENCE Support Services, Inc.

Depth To Water for Fontana Union Water Company Well 27
SBBA BTAC Wet and Dry Scenarios 2009-2010
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San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

 19-Nov-08 GEOSCIENCE Support Services, Inc.

Depth To Water for Fontana Union Water Company Well 26
SBBA BTAC Wet and Dry Scenarios 2009-2010
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San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

 19-Nov-08 GEOSCIENCE Support Services, Inc.

Depth To Water for Fontana Union Water Company Well 13
SBBA BTAC Wet and Dry Scenarios 2009-2010

0

100

200

300

400

500

600

700

D
ep

th
 to

 W
at

er
, f

t b
gs

Model Run 1 - Wet Scenario with Maximum Replenishment in 2009

Model Run 2 - Dry Scenario without Replenishment in 2009

Model Run 3 - Dry Scenario with Maximum Replenishment in 2009

2009 2010

F
ig

u
re 12



San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

 19-Nov-08 GEOSCIENCE Support Services, Inc.

Depth To Water for West Valley Water District Lord 7 Well
SBBA BTAC Wet and Dry Scenarios 2009-2010
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San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

 19-Nov-08 GEOSCIENCE Support Services, Inc.

Depth To Water for East Valley Water District Well 24A
SBBA BTAC Wet and Dry Scenarios 2009-2010
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San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

 19-Nov-08 GEOSCIENCE Support Services, Inc.

Depth To Water for City of Riverside Raub 1 Well
SBBA BTAC Wet and Dry Scenarios 2009-2010
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San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

 19-Nov-08 GEOSCIENCE Support Services, Inc.

Depth To Water for Gage Canal Company Lower Kelly Well
SBBA BTAC Wet and Dry Scenarios 2009-2010
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San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

 19-Nov-08 GEOSCIENCE Support Services, Inc.

Depth To Water for City of San Bernardino Newmark 3 Well
SBBA BTAC Wet and Dry Scenarios 2009-2010
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Depth To Water for City of San Bernardino Leroy Street Well
SBBA BTAC Wet and Dry Scenarios 2009-2010
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Depth To Water for East Valley Water District Well 40
SBBA BTAC Wet and Dry Scenarios 2009-2010
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Depth To Water for City of Redlands Orange Street Well
SBBA BTAC Wet and Dry Scenarios 2009-2010
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Depth To Water for City of Redlands Well 32
SBBA BTAC Wet and Dry Scenarios 2009-2010

0

100

200

300

400

500

600

700

D
ep

th
 to

 W
at

er
, f

t b
gs

Model Run 1 - Wet Scenario with Maximum Replenishment in 2009

Model Run 2 - Dry Scenario without Replenishment in 2009

Model Run 3 - Dry Scenario with Maximum Replenishment in 2009

2009 2010

F
ig

u
re 21



San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

 19-Nov-08 GEOSCIENCE Support Services, Inc.

Depth To Water for East Valley Water District Well 62
SBBA BTAC Wet and Dry Scenarios 2009-2010
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Depth To Water for City of Redlands Agate 2 Well
SBBA BTAC Wet and Dry Scenarios 2009-2010
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Depth To Water for Bear Valley MWC Nelson Street Well
SBBA BTAC Wet and Dry Scenarios 2009-2010
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Depth To Water for City of Redlands Airport Well No. 2
SBBA BTAC Wet and Dry Scenarios 2009-2010
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Depth To Water for SBVMWD San Bernardino Ave. Well
SBBA BTAC Wet and Dry Scenarios 2009-2010
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Depth To Water for East Valley Water District Well 120
SBBA BTAC Wet and Dry Scenarios 2009-2010
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Depth To Water for East Valley Water District Well 146A
SBBA BTAC Wet and Dry Scenarios 2009-2010
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Depth To Water for East Valley Water District Cone Camp Well
SBBA BTAC Wet and Dry Scenarios 2009-2010
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Depth To Water for SBVMWD Backyard Well
SBBA BTAC Wet and Dry Scenarios 2009-2010
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Cumulative Change in Groundwater Storage for Model Runs 1, 2 and 3
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San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

Table 1

Model Run 1:  Wet Scenario with Maximum Replenishment in 2009

SAR SWP SAR SWP SAR SWP SAR SWP SAR SWP SAR SWP SAR SWP SAR SWP SAR SWP SAR SWP

2009 0 0 0 60,300 0 16,000 0 0 0 0 0 300 0 21,000 0 17,000 0 2,700 0 8,000 125,300
2010 0 0 0 0 16,000 0 0 0 0 0 300 0 21,000 0 17,000 0 1,000 0 25,000 0 80,300

Average 0 0 0 30,150 8,000 8,000 0 0 0 0 150 150 10,500 10,500 8,500 8,500 500 1,350 12,500 4,000 102,800

Model Run 2:  Dry Scenario without Replenishment in 2009

SAR SWP SAR SWP SAR SWP SAR SWP SAR SWP SAR SWP SAR SWP SAR SWP SAR SWP

Includes 
Senior 

Deliveries 
SAR 

SWP

2009 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2010 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Model Run 3:  Dry Scenario with Maximum Replenishment in 2009

SAR SWP SAR SWP SAR SWP SAR SWP SAR SWP SAR SWP SAR SWP SAR SWP SAR SWP

Includes 
Senior 

Deliveries 
SAR 

SWP

2009 0 1,000 0 70,000 0 16,000 0 20,000 0 6,000 0 300 0 21,000 0 17,000 0 2,700 0 30,000 184,000
2010 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Average 0 500 0 35,000 0 8,000 0 10,000 0 3,000 0 150 0 10,500 0 8,500 0 1,350 0 15,000 92,000

SG: Spreading Ground
SAR: Santa Ana River
SWP: State Project Water
*Not including spreading by SBVWCD

Model 
Year

Mill Creek SG

Total

Annual Replenishment for the 2009 Regional Water Management Plan Model Runs - 2009 to 2010 (Units in acre-ft)

Mill Creek SG 
(Airport) Santa Ana River SG* Devil Canyon/

Sweetwater SG Lytle Creek SG City Creek SG Patton SG Waterman SG East Twin Creek SG Badger SG

Model 
Year

Mill Creek SG 
(Airport) Santa Ana River SG* Devil Canyon/

Sweetwater SG Lytle Creek SG City Creek SG Patton SG

East Twin Creek SG

Waterman SG East Twin Creek SG Badger SG

Badger SGLytle Creek SG City Creek SG Patton SG Waterman SG

Model 
Year

Mill Creek SG 
(Airport) Santa Ana River SG* Devil Canyon/

Sweetwater SG Mill Creek SG

Total

Total

Mill Creek SG
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San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

Table 2

C

 2009 to 2010

i f W o i U i

Groundwater Pumping for the 2009 Regional Water Management Plan Model Runs 1, 2 and 3 -

Year
Colton, 

ity ofC ty o

East Va
Wate
DiDistr

lley 
r 

i

Fo

ct

ntana 
W.C.W.C.

Loma
Linda, C

fo

 
ity 

Ma
M

rigold 
utual 

W C.C. 

Musco
Mutua
W CW.C.

y 
l 

Red
Ci
WaWa
U

lands, 
ty of - 

ter te
tility

Rialto, C
of

ity 
Bern
Mun

WaWa
Dep

San 
ardino 
icipal 
terter 

t, City 
of

Terrace
Water Co.Wate Co

 West
W

Di. Di

 Valley 
ater 

i

Agricultura
l/Private

Riverside 
Public 

U ili i

Riverside-
Highland 

W C

Meeks and 
Daley W.C.

Regents of 
California TOTAL

str ct / vate tilit es W.C. a ey W.C. Ca o a

[acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft]
2009 6,697 22,605 12,607 2,890 278 2,096 13,402 6,014 53,762 309 9,586 15,958 47,755 2,487 666 534 197,645
2010 6,697 22,605 12,607 2,890 278 2,096 13,402 6,014 53,762 309 9,586 15,958 47,755 2,487 666 534 197,645

Average 6,697 22,605 12,607 2,890 278 2,096 13,402 6,014 53,762 309 9,586 15,958 47,755 2,487 666 534 197,645

Source: Stantec
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San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

Table 3

0

Groundwater 
Pumping

Underflow 
Discharge Inflow Evapo-

transpiration

 2010 (Units in acre-ft/yr)

OUTFLOW

CHANGE IN 
GROUNDWATER 

STORAGE
Total 

Outflow

0 0 5 1 3 8 2

Groundwater Budget for the Model Run 1 - Wet Scenario with Maximum Replenishment in 2009 - 2009 to

Mode
Year

Hydr
Y

l 

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15]
INFLOW

 
arge Total

ologic 
ear Recharge fro

Gaged 
Streamflow

m 

 

Repleni
by V

District
Wat

Re

W

shment 
alley 
 (SWP 
er)

plenishmen
by Valley 

District and
estern (SA

Water)

t 

 
R 

Sprea
SAR W

SBVW

ding of 
ater by 

CD

Re
L
G
P

charge fr
ocal Run
enerated
recipitati

In
fro

Pre

om 
off 
 by 
on

filtration
m Direct
cipitation

 
 

Retur
fr

Groun
Pum

n Flow 
om 
dwater 
ping

Recharge
from 

Ungaged
Mountai

Front 
Runoff

 

 
n 

Underflow
Rech

20092009 19741974 97 79897,798 125125,300300 0 5 038,038 1 109,109 3131 048,048 11 49711,497 3 385 275 175 8 463 197 645 2 466 208 575 66 600,385 275,175 ,463 197,645 ,466 208,575 66,600
2010 1969 423,244 0 80,300 10,400 10,694 1,109 31,048 67,034 3,349 627,179 16,205 197,645 2,444 216,294 410,885

Average 260,521 62,650 40,150 5,200 7,866 1,109 31,048 39,266 3,367 451,177 12,334 197,645 2,455 212,434 238,742

[1] Model-calculated
[2] Estimated by model iterative runs so that the recharge does not cause water level shallower that 50 ft in the Pressures Zone and the recharge does not cause any impacts to contamination plumes
[3] Model input data based on OPMODEL
[4] Model input data based on OPMODEL.  The OPMODEL assumes that the first 88 cfs of SAR water is diverted by the Senior Water Rights holders and then the remaining SAR water is diverted by the SBVWCD based on the licensed rights at 10,400 acre-ft/yr. 
[5] Model input data based on historical conditions
[6] Model input data based on historical conditions
[7] Model input data based on 2006 pumping records
[8] Model input data based on historical conditions
[9] Model input data based on historical conditions
[10] = sum of [1] to [9]
[11] Model-calculated
[12] Model input data based on 2006 pumping records
[13] Model input data based on historical conditions
[14] = [11] + [12] +[13]
[15] = [10] - [14]
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San Bernardino Valley Municipal Water District
SBBA Groundwater Model 2009 Regional Water Management Plan

Table 4

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15]

2009 1974 97,798 0 0 0 5,038 1,109 31,048 11,497 3,385 149,875 2,193 197,645 2,466 202,305 -52,430
2010 1990 36,275 0 0 0 2,741 1,109 31,048 3,994 3,349 78,516 1,643 197,645 2,444 201,733 -123,217

67,036 0 0 0 3,890 1,109 31,048 7,746 3,367 114,195 1,918 197,645 2,455 202,019 -87,823

[1] Model-calculated
[2] Assumes without replenishment
[3] Model input data based on OPMODEL
[4] Model input data based on OPMODEL.  The OPMODEL assumes that the first 88 cfs of SAR water is diverted by the Senior Water Rights holders and then the remaining SAR water is diverted by the SBVWCD based on the licensed rights at 10,400 acre-ft/yr. 
[5] Model input data based on historical conditions
[6] Model input data based on historical conditions
[7] Model input data based on 2006 pumping records
[8] Model input data based on historical conditions
[9] Model input data based on historical conditions
[10] = sum of [1] to [9]
[11] Model-calculated
[12] Model input data based on 2006 pumping records
[13] Model input data based on historical conditions
[14] = [11] + [12] +[13]
[15] = [10] - [14]

Hydrologic 
Year

Average

Groundwater Budget for the Model Run 2 - Dry Scenario without Replenishment in 2009 - 2009 to 2010 (Units in acre-ft/yr)

INFLOW OUTFLOW

CHANGE IN 
GROUNDWATER 

STORAGE

Model 
Year

Recharge from 
Gaged 

Streamflow 

Replenishment 
by Valley 

District (SWP 
Water)

Recharge from 
Local Runoff 
Generated by 
Precipitation

Total 
Outflow

Recharge 
from 

Ungaged 
Mountain 

Front 
Runoff

Underflow 
Recharge Total Inflow Evapo-

transpiration

Replenishment 
by Valley 

District and 
Western (SAR 

Water)

Spreading of 
SAR Water by 

SBVWCD

Groundwater 
Pumping

Underflow 
Discharge

Infiltration 
from Direct 

Precipitation

Return Flow 
from 

Groundwater 
Pumping
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San Bernardino Valley Municipal Water District
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Table 5

0

 2010 (Units in acre-ft/yr)

OUTFLOW

CHANGE IN 
GROUNDWATER 

STORAGE
Groundwater 

Pumping
Underflow 
Discharge

Total 
Outflow Inflow Evapo-

transpiration

0 0 5 1 3 2

Groundwater Budget for the Model Run 3 - Dry Scenario with Maximum Replenishment in 2009 - 2009 to

Mode
Year

l Hydr
Y

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15]
INFLOW

 
arge Total

Reologic 
ear charge fro

Gaged 
Streamflow

m 
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by V

District
Wat
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er)

Re

W
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District and
estern (SA

Water)
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Sprea
SAR W
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CD
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Pre
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Retur
fr

Groun
Pum

n Flow 
om 
dwater 
ping

Recharge
from 

Ungaged
Mountai

Front 
Runoff

 

 
n 

Underflow
Rech

20092009 19741974 97 79897,798 184184,000000 0 5 038,038 1 109,109 3131 048,048 11 49711,497 3 385 333 875 11 427 197 645 2 466 211 539 122 336,385 333,875 11,427 197,645 ,466 211,539 122,336
2010 1990 36,275 0 0 0 2,741 1,109 31,048 3,994 3,349 78,516 1,657 197,645 2,444 201,746 -123,231

Average 67,036 92,000 0 0 3,890 1,109 31,048 7,746 3,367 206,195 6,542 197,645 2,455 206,643 -448

[1] Model-calculated
[2] Estimated by model iterative runs so that the recharge does not cause water level shallower that 50 ft in the Pressures Zone and the recharge does not cause any impacts to contamination plumes
[3] Model input data based on OPMODEL
[4] Model input data based on OPMODEL.  The OPMODEL assumes that the first 88 cfs of SAR water is diverted by the Senior Water Rights holders and then the remaining SAR water is diverted by the SBVWCD based on the licensed rights at 10,400 acre-ft/yr. 
[5] Model input data based on historical conditions
[6] Model input data based on historical conditions
[7] Model input data based on 2006 pumping records
[8] Model input data based on historical conditions
[9] Model input data based on historical conditions
[10] = sum of [1] to [9]
[11] Model-calculated
[12] Model input data based on 2006 pumping records
[13] Model input data based on historical conditions
[14] = [11] + [12] +[13]
[15] = [10] - [14]
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To:  Basin Technical Advisory Committee (BTAC) 
 
From:  Management Tools Subcommittee 
 
Subject:      Subsidence 
 
References:   

a. USGS Fact Sheet 165‐00, December 2000 
b. Evaluation and Prediction of Subsidence, ASCE Conference, January 1978. 
c. USGS Land Subsidence in the United States, Circular 1182, 1999. 

 
 

The Management Tools Subcommittee (Subcommittee) references the above‐mentioned 
documents regarding subsidence.  According to these documents, most land subsidence occurs 
in clay layers that have been “newly” dewatered.  Therefore, the “at risk areas” for subsidence 
in the San Bernardino Basin Area (SBBA) would generally be classified as any area where a clay 
layer has been dewatered below the lowest recorded water level.   

The attached map shows any areas that are newly dewatered (experienced water levels below 
1965 levels).  Also attached is a cross‐section through a portion of the newly dewatered area 
showing the anticipated geology.  Since there is no one on the BTAC that feels qualified to make 
a determination regarding subsidence risk, it is left to the reader to draw their own conclusions 
from the provided data.   
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