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treated surface water from the Weymouth Water Treatment Plant via the Upper Feeder at 
rates of 1,346 gpm, 6,750 gpm and 6,750 gpm respectively.  
 
The current capacity of Glendora’s groundwater production, assuming the largest single 
source is out of service and each well is operated 80% of the time to allow for aquifer 
recovery, is approximately 7,618 gpm as shown in Table 7-2: 
 

Table 7-2:  Current Capacity of Glendora’s Groundwater Production 

Source Test Flow 
(gpm)

80% of Design 
Flow (gpm) 

Well 1E 457 366
Well 2E 611 489
Well 3G1 0 0
Well 4E1 0 0
Well 5E 2,324 1,859
Well 7G1 0 0
Well 8E 1,583 1,266
Well 9E 1,433 1,146
Well 10E 710 568
Well 11E 1,105 884
Well 12E 3,418 2,734
Well 13E 1,300 1,040
Capacity2 9,523 7,618

1 – Wells 3G, 4E and 7G are currently out of service due to contamination. 
2 – Capacity is sum of the Test Flows assuming that the largest single source is out of service as a safety 
precaution. 
 
Figure 7-2 represents historical monthly demand fluctuation scaled to projected levels 
and superimposed with Glendora’s current redundant groundwater production capacity of 
7,618 gpm.   
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Figure 7-2:  Glendora’s Local Production Redundancy 

 
 
 
All production above the red line must currently come from imported water or excessive 
loading of the groundwater sources.  Based on this analysis, Glendora would benefit from 
an additional local groundwater source to avoid any reliance on imported water.  It is 
recommended that Glendora receive the equivalent of 500 gpm in April, 2,500 gpm in 
May, 3,900 gpm in June, 4,600 gpm in July, 5,300 gpm in August, 3,800 gpm in 
September and 2,100 gpm in October (3,051 acre-feet). 
 
7.2.3:  WVWD Demand 
 
Analysis of WVWD demand is based on data from the 2005 WVWD Urban Water 
Management Plan (WVWD UWMP).  Table 7-3 provides an overview of supply and 
demand and an estimate of demand during the winter. 
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Table 7-3:  Overview of WVWD Supply and Demand 

Year 
Annual 
Demand Local GW1 Local RW2 Imported 

Water3

Imported 
Water in 
Winter4

Imported 
Water in 
Winter4

AFY AFY AFY AFY AFY gpm 

2010 28,754 1,184 1,731 25,839 12,920 8,010 
2015 30,264 1,184 2,676 26,404 13,202 8,185 
2020 30,999 1,184 3,096 26,719 13,360 8,283 
2025 31,417 1,184 3,366 26,867 13,434 8,329 
2030 33,726 1,184 3,516 29,026 14,513 8,998 

 
1 – GW = Groundwater 
2 – RW = Recycled Water 
3 – Imported Water = Total Demand – Local GW – Local RW 
4 – 50% of Imported Water (i.e. assumption for seasonal fluctuation) 
 
Table 7-3 indicates that the estimated existing minimum demand is approximately 8,010 
gpm.  In other words, the average demand in February is not expected to exceed a flow 
rate of 8,010 gpm.  The minimum flow rate is anticipated to increase gradually in the 
future. 
 
7.2.4:  RWD Demand 
 
Analysis of RWD demand is based on data from the 2005 TVMWD Urban Water 
Management Plan (TVMWD UWMP).  Table 7-4 provides a brief overview of demand 
and an estimate of demand during the winter.   
 

Table 7-4:  Overview of RWD Demand 

Year 
Annual Demand Demand in Winter1 Demand in Winter 

AFY AFY gpm 

2010 14,700 11,201 6,944 
2015 15,800 12,039 7,464 
2020 16,900 12,877 7,984 
2025 18,200 13,868 8,598 

 
1 – Based on existing RWD demand variation between 10 and 18 MGD. 
 
Table 7-4 indicates that the estimated existing minimum demand is approximately 6,944 
gpm.  In other words, the average demand in February is not expected to exceed a flow 
rate of 6,944 gpm.  The minimum flow rate is anticipated to increase gradually in the 
future. 
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7.2.5:  Demand Summary 
 
This summary focuses on three issues: 

� Determine whether there is sufficient demand to justify keeping the plant in 
continuous operation. 

� Based on the previous determination, estimate how production would be 
distributed over the course of a typical year. 

� Examine availability 
 
During the winter, ALW and Glendora will not require additional groundwater 
production to offset peak demand.  As such, 100% of the plant’s production will be 
exported to RWD and WVWD.  Assuming the plant will be operational in five years, the 
minimum demand is estimated at just over 15,000 gpm: 
 

QWVWD + QRWD = 7,464 gpm + 8,185 gpm = 15,649 gpm 
 
This means that continuous operation of the plant is justified at 15,000 gpm from a 
demand point of view. 
 
Assuming continuous operation and considering the previous analyses, the monthly 
distribution of water from the treatment plant to ALW, Glendora, WVWD and RWD is 
represented in Figure 7-3 and Table 7-5.  
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Figure 7-3:  Distribution of Water from Treatment Plant 
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Table 7-5:  Summary of Distribution of Water from Treatment Plant 

Unit ALW Glendora WVWD RWD Total
January (gpm) - - 7,500 7,500 15,000
February (gpm) - - 7,500 7,500 15,000
March (gpm) - - 7,500 7,500 15,000
April (gpm) - 500 7,250 7,250 15,000
May (gpm) - 2,500 6,250 6,250 15,000
June (gpm) - 3,900 5,550 5,550 15,000
July (gpm) 1,700 4,600 4,350 4,350 15,000
August (gpm) 4,500 5,300 2,600 2,600 15,000
September (gpm) 4,500 3,800 3,350 3,350 15,000
October (gpm) 1,300 2,100 5,800 5,800 15,000
November (gpm) - - 7,500 7,500 15,000
December (gpm) - - 7,500 7,500 15,000
Volume (AF) 1,613 3,051 9,765 9,765 24,194
Percent of Total (%) 6.67% 12.61% 40.36% 40.36% 100%
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Table 7-6 is a summary of the availability of groundwater in the Basin for the 
participants. 
 

Table 7-6:  Availability of Basin Water for ALW 
Prescriptive Rights 1.84988%
Average OSY (AFY) 198,800
Average Rights (AFY) 3,678
Surface Water (AFY) 13,400
Build-out Demand (AFY) 26,694
Deficit1 (AFY) 9,616

 
1 – Deficit = Demand – Surface Water – Average Rights 
 
ALW has an average annual deficit of 9,616 AFY which is typically acquired by transfer 
of pumping rights from other producers in the Basin, notably Azusa Agricultural Water 
Company and Azusa Valley Water Company. 
 

Table 7-7:  Availability of Basin Water for Glendora 
Prescriptive Rights 4.75261%
Average OSY (AFY) 198,800
Average Rights (AFY) 9,448
Build-out Demand (AFY) 14,000
Deficit1 (AFY) 4,552

 
1 – Deficit = Demand – Average Rights 
 
Glendora has an average annual deficit of 4,552 AFY which is typically acquired by 
transfer of pumping rights from other producers in the Basin and purchase of imported 
water from MWD.   
 
WVWD and RWD are negotiating with Watermaster to develop a cyclical account within 
the Basin.  WVWD and RWD must acquire and introduce into the Basin a volume of 
replenishment water at least equal to the volume anticipated to be consumed by these two 
agencies.  Referring to Table 7-5, WVWD and RWD would each be responsible for 
approximately 9,765 AFY. 
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7.3 Sources 
 
The wells that make up the well field for this project are located within the Main San 
Gabriel Basin as shown in Figure 7-4. 
 

Figure 7-4:  Location of Well Field Within the Main San Gabriel Basin 

 
 
The Main San Gabriel Basin lies in eastern Los Angeles County, California. The 
hydrologic basin or watershed coincides with a portion of the upper San Gabriel River 
watershed, and the aquifer or groundwater basin underlies most of the San Gabriel 
Valley.  The groundwater basin is bounded by the San Gabriel Mountains to the north, 
San Jose Hills to the east, Puente Hills to the south, and by a series of hills and the 
Raymond Fault to the west.  The watershed is drained by the San Gabriel River and Rio 
Hondo, a tributary of the Los Angeles River.  
 
Principal water-bearing formations of the basin are unconsolidated and semi-consolidated 
sediments which range in size from coarse gravel to fine-grained sands.  The major 
sources of natural recharge are infiltration of rainfall on the valley floor and percolation 
of runoff from the adjacent mountains.  The basin also receives imported water and return 
flow from applied water.  Surface area of the groundwater basin is approximately 167 

LOCATION OF WELL FIELD 
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square miles.  The fresh water storage capacity of the basin is estimated to be about 8.6 
million acre-feet.  
 
The physical groundwater basin is divided into two main parts, the Main Basin and the 
Puente Sub basin. The Puente Sub basin, lying in the southeast portion of the map above, 
is tributary to the Main Basin and hydraulically connected to it, with no barriers to 
groundwater movement. It is, however, not within the legal jurisdiction of Main San 
Gabriel Basin Watermaster, and is thus considered a separate entity for management 
purposes.  
 
Following are descriptions of the subject wells for this project. 
 
7.3.1:  Aspan 
 
Well ID Number:  19102007-017 
201 N. Vernon Avenue 
Inactive since 1984 
Casing Length and Diameter: 656’ – 20” 
 
7.3.2:  Vosburg (Glendora Well 7) 
 
Well ID Number: 1900831 
Drilled 1930 (inactive since 1980) 
S. Virginia Ave. between W. 1st Street and W. Paramount Street 
Casing Length and Diameter: 500’ – 26” 
Elevation: 532 
 
7.3.3:  Azusa 9 
 
Well ID Number: 1902117 
710 W. Gladstone Street 
Inactive since 2005 
Casing Length and Diameter: 660’ – 26” 
 
7.3.4:  Azusa 10 
 
Well ID Number: 8000103 
Vernon Ave. at Little Dalton Wash 
Currently active 
Primary Energy Source: Electricity – no backup power 
Nominal capacity: 2,216 gpm 
Design capacity: 2,300 gpm 
Casing Length and Diameter: 1152’ – 14” 
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7.3.5:  Contract 
 
Well ID Number: 1900881 
 
7.3.6:  Glendora 3 
 
Well ID Number: 1901525 
Irwindale Plant 
Drilled 1926 (inactive since 1980) 
Casing Length and Diameter: 508’ – 26” 
Elevation: 475 
 
7.3.7:  Glendora 4 
 
Well ID Number: 1901524 
Irwindale Plant 
Drilled 1920 (inactive since 1980) 
Casing Length and Diameter: 408’ – 26” 
Elevation: 475 
 
7.4:  Methods of Rehabilitation 
 
The condition of each well must be determined.  Due to age and duration of inactivity, 
one or more of the wells may be subject to rehabilitation in order to maximize capacity.  
Some of the wells may be subject to more involved rehabilitation due to method of 
drilling.  Knowledge of the drilling method used during well construction is key to 
determining the most effective method of rehabilitation.  Appendix A contains a 
summary of recommended well rehabilitation strategies and techniques. 
 
7.5:  Existing Infrastructure 
 
There is existing infrastructure within the ALW and Glendora water systems that was 
examined for possible inclusion in the new distribution system including the following: 
 

� 0.15 MG holding tank at Irwindale Plant 
� 4.4 mile 18-inch Irwindale Transmission Main 
� 0.185 MG holding tank at San Gabriel Plant (in use) 
� 20-inch Vosburg Transmission Main in Vernon Ave. 
� 2.25 MG holding tank at Aspan Well 
� Goddard Reservoir 
� Goddard Booster Station 
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These facilities were determined to be undersized for the anticipated flow rate of the new 
treatment plant.  Generally, the location and/or capacity of these facilities were not 
conducive to inclusion in the project.  Furthermore, based on age and condition, the 
facilities were determined to be at or beyond their practical lifecycles for the given 
materials.   
 
7.6:  Design Criteria and Hydraulic Assumptions 
 
To assist with sizing and determining the feasibility of the system layout, components of 
the collection and distribution systems were programmed as a hydraulic model using 
H2ONET Version 8.0 software by MWHSoft, Inc.  Figure 7-5 is a representation of the 
hydraulic model which also serves as a hydraulic profile of the proposed system. 
 
Pipelines were sized to accommodate the maximum simultaneous cumulative production 
of all wells at a pipe velocity of approximately 6 feet per second (fps).  Velocities above 
6 fps tend to result in significant head loss due to friction which must then be overcome 
by additional pumping capacity.   
 
The receiving point for treated water is assumed to be existing tanks within the respective 
Water Districts. 
 
Proposed pipes were assigned a Hazen-Williams roughness coefficient of C = 130.  
Existing pipes with varying roughness coefficients were converted to equivalent pipe 
lengths with consistent roughness coefficients. 





CHAPTER SEVEN – HYDRAULIC ANALYSIS 
 

FEASIBILITY STUDY FOR THE MULTI-AGENCY REGIONAL GROUNDWATER RECOVERY 
PROJECT-100% DRAFT 

Page 7 - 16 

7.7 Collection System 
 
The collection system is a set of dedicated pipelines that connect the seven well sites to 
the treatment facility.  Items considered in the development of the collection system 
include alignments, pumping capacity, treatment plant requirements. 
 
7.7.1:  Pipelines 
 
Basically, a discharge pipeline from each well site enters a collection main in Vernon 
Ave./Lark Ellen Ave. which terminates at the treatment plant site.  Observing typical 
rights-of-way, the shortest practical distance from each well site to Vernon Ave./Lark 
Ellen Ave. was estimated for each discharge pipeline.  As the discharge from each 
successive well was added to the collection main, the size of the collection main was 
increased to accommodate the cumulative flow.  Table 7-8 lists the details for each 
segment of pipeline required to collect raw water from the well field.  By convention for 
the Water Model, discharged pipelines are labeled DC and collection pipeline segments 
are labeled CO. 

Table 7-8:  Raw Water Collection Pipeline Details 
Discharge Pipeline Collection Pipeline 

Well Site Model
ID

Flow per 
Site (gpm) 

Diameter 
(inches) 

Length
(feet) 

Model
ID

Cumulative 
Flow (gpm) 

Diameter 
(inches) 

Length
(feet) 

Aspan DC-1 3,100 16 2,500 CO-1 3,100 16 700 

Vosburg DC-2 2,300 16 420 CO-2 5,400 20 2,100 

Azusa 9 & 10 DC-3 6,900 24 800 CO-3 12,300 30 1,100 

Contract DC-4 2,400 16 200 CO-4 14,700 30 2,400 

Glendora 3 & 4 DC-5 4,000 16 10 CO-5 18,700 36 10 

 
7.7.2:  Well Pumps 
 
Since the groundwater production at the well sites has been off-line for some time, the 
well pumps are assumed to require maintenance, and perhaps replacement, due to age and 
condition.  Originally, the well pumps were designed to meet the local needs of the 
respective agencies.  The design of the collection system requires the well pumps to work 
together in coordination and to supply adequate pressure to the treatment facility to 
power the treatment processes.  To that end, new design points have been assigned to 
each well pump to meet the new requirements while maximizing the established flow 
rates.   
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Pumps were assigned generic performance curves generated from a design point.  Each 
pump performance curve follows a parabola that includes the design point (design head, 
design flow), the shutoff head (1.33 × design head, zero flow) and the maximum flow 
(zero head, 2 × design flow).  For example, curve in Figure 7-6 would apply to a pump 
with a design head of 100 feet and a design flow of 1000 gpm: 

 
Figure 7-6:  Generic Pump Performance Curve 
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For preliminary design purposes, this type of generic curve is adequate to approximate 
well pump upgrades and motor sizes provided that the pump operates near the design 
point. 
 
A review of groundwater contour maps published by the Main San Gabriel Basin 
Watermaster determined that the groundwater surface elevation in the vicinity of the well 
field in recent history was lowest in July 2004.  As shown in Figure 7-7, an excerpt from 
the Groundwater Contour Map for the San Gabriel Basin – July 2004, the groundwater 
surface elevation for the well field was between 210 and 230 feet.  To account for 
drawdown, the pumping water surface for all wells was assumed to be 210 feet. 
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Figure 7-7:  Groundwater Contour of Well Field 
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Table 7-9 lists the design points and estimated horsepower requirement for each well 
pump.  The power estimate assumes 80% efficiency. 
 

Table 7-9:  Well Pump Design Details 
Well Site Design Head (feet) Design Flow (gpm) Power (HP) 

Aspan 465 3,100 500 
Azusa 9 455 4,700 650 

Azusa 10 430 2,200 350 
Contract 425 2,400 350 

Glendora 3 415 2,000 300 
Glendora 4 415 2,000 300 

Vosburg 445 2,300 350 
 
7.7.3:  Treatment Facility 
 
The treatment facility will ultimately consist of a series of vessels or other devices that 
facilitate the treatment processes.  From a hydraulics point of view, a treatment facility 
represents a loss of pressure in the system that corresponds to the energy required to force 
water though a medium, filter or other apparatus.  However, another important aspect is 
to maintain pressure within an appropriate range to protect sensitive equipment and to 
maximize treatment efficiency.  The specific internal workings of the treatment facility 
will be dealt with once a treatment process is finalized.  For purposes of developing the 
collection system, the operating pressure range of typical treatment equipment is assumed 
to be the governing factor for inlet pressure.  Typical GAC treatment vessels by Calgon 
have a maximum pressure tolerance of 125 psi but are capable of operating at much 
lower pressures.  For purposes of this analysis, three individual processes (perchlorate 
removal, VOC removal and nitrate removal) are assumed to each require 17 psi of 
differential pressure to sustain a proper flow rate for a total inlet pressure requirement of 
65 psi.  This pressure drop includes the energy required to force water to flow through a 
medium and any other losses associated pipelines, valves, meters and other 
appurtenances within the treatment facility.  Outlet pressure is assumed to be atmospheric 
which is consistent with an equalization tank filled via an air gap.   
 
7.7.4:  Equalization Tank 
 
The equalization tank serves as both a backwash water supply for certain treatment 
processes and as a staging point for the distribution system.  The approach to designing 
an equalization tank is based on a number of factors including backwash supply volume, 
booster pump size, booster pump motor controls and SCADA interface efficiency.  For 
purposes of this analysis, the equalization tank is assumed to have adequate volume to 
accommodate the normal operation of booster pumps as discussed in the following 
section.   
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7.8 Distribution System 
 
The distribution system is an interface between the equalization tank at the treatment 
facility the receiving tanks in ALW, Glendora, RWD and WVWD.  Items considered in 
the development of the distribution system include connections to existing infrastructure, 
alignments, pumping capacity, and system pressure.  Although there are three connection 
points to the receiving water systems, a single pipeline and booster system was 
determined to be more practical than three individual pipelines.  This collective approach 
consolidates facilities and minimizes the total length of pipeline required to meet the 
project objectives.   
 
7.8.1:  Connection Points 
 
The follow sections describe the physical location of the proposed connection points 
between the distribution system, existing infrastructure in each receiving water system 
and any recommended improvements necessary to accommodate the anticipated flow 
rate.  Also considered in this analysis are the existing transmission pipelines between the 
connection point and the corresponding tanks.  During periods of low demand, such as 
during the night when tanks are typically filling, booster pumps must be adequately sized 
to accommodate the head losses associated with these existing transmission pipelines.  
 
ALW
 
The connection point to the ALW water system is the 24-inch transmission main at the 
intersection of Gladstone Street and Rockvale Ave.  This main is part of Pressure Zone 
715 which maintains a static high water line of approximately 715 feet.  Two tank sites 
serve Pressure Zone 715: Dalton/Sierra Madre and North/South.  The Dalton/Sierra 
Madre site is connected to the connection point by the equivalent of 13,600 feet of 24-
inch pipe with a friction coefficient of C = 125.  The North/South tank site is connected 
to the Dalton/Sierra Madre site by the equivalent of 7,200 feet of 24-inch pipe with a 
friction coefficient of C = 125.   
 
The pressure in the distribution pipeline is higher than in Pressure Zone 715 and must be 
reduced.  A pressure reducing valve or a turbine will be installed at the connection point 
to reduce the head.   The pressure drop is approximately from 220 feet (95 psi).  If a 
turbine is installed to reduce the pressure, the potential to recover energy through the 
turbine ranges from approximately 250 kilowatts (at 7,500 gpm) to 330 kilowatts (10,000 
gpm).  At $0.10 per kWh and assuming the generator operates continuously for half the 
year, a generator can recover approximately $110k to $140k annually. 
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Glendora
 
The connection point to the Glendora water system is the 24-inch transmission main in 
Glendora Ave. at Gladstone Street.  This main is part of Pressure Zone 1 which maintains 
a static high water line of approximately 970 feet.  There are several tank sites within 
Pressure Zone 1; however, the South Hills West site is assumed to have the primary 
impact in hydraulics in the vicinity of the connection point due to its close proximity.  
The South Hills West site is connected to the connection point by the equivalent of 5,000 
feet of 24-inch pipe with a friction coefficient of C = 130.   
 
WVWD
 
The connection point to the WVWD water system is northwest terminus of the 
Badillo/Grand Transmission Main which normally delivers import water from the MWD 
Middle Feeder.  The Badillo/Grand Transmission Main feeds the Terminal Storage 
Facility which has a high water line of approximately 930 feet.  However, the 
Badillo/Grand Transmission Main is maintained at a pressure higher than the static 
pressure of the Terminal Storage Facility to accommodate for variation in elevation along 
its length.  The head at the connection point is assumed to be consistent with the high 
water line of MWD’s Weymouth Reservoir at 1,068 feet.  The Badillo/Grand 
Transmission Main is the equivalent of 21,200 feet of 48-inch pipe with a friction 
coefficient of C = 130.   
 
RWD
 
There is an emergency interconnection between WVWD and RWD currently in the 
design phase.  A 24-inch pipeline will connect the southeast terminus of the 
Badillo/Grand Transmission Main to reservoirs owned by RWD in the vicinity of the 
WVWD Terminal Storage Facility. 
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7.8.2:  Pipelines 
 
The single pipeline approach requires two principal alignments:  an East-West alignment 
between the treatment plant and the Glendora connection point, and a North-South 
alignment branching off the East-West alignment and terminating at the WVWD 
connection point.   
 
Alignments Considered: 
 

� Alignment 1 (East-West): Arrow Highway between Lark Ellen Ave. and Glendora 
Ave. 

� Alignment 2 (East-West): Gladstone St. between Lark Ellen Ave. and Glendora 
Ave. 

� Alignment 3 (North-South): Grand Ave. between Preferred East-West Alignment 
and Badillo St.  

� Alignment 4 (North-South): Baranca Ave. between Preferred East-West 
Alignment and Badillo St. 

 
Figure 7-8 shows Alignments 1 through 4 and their relationships to other key elements of 
the hydraulic infrastructure.  As of 2009, there were no paving moratoriums in place for 
any of these alignments. 
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Evaluation process and parameters 

Weight Value – Each parameter considered carries a different degree of importance in 
the evaluation process.  The Weigh Value is a multiplier that quantifies the relative 
importance of each parameter considered in the evaluation.  The more important a 
parameter is in evaluating an alignment, the higher its weighted value. 
 
Rating or Impact – For each alignment, every parameter is assigned a rating or impact 
value between one and three.  This value quantifies the relative impact a particular 
alignment poses on a given parameter.  The higher the number the less impact it has 
(more attractive). 

Pavement Type – Roads within the study area are paved with either asphalt or concrete 
and must be replaced in kind following pipeline installation.  The replacement cost of 
concrete is higher so it receives a lower rating (less attractive option).  
 

Table 7-10:  Pavement Type Alignment Parameter  

Alignment Pavement 
Type Rating 

1 (Arrow Highway) AC 3 
2 (Gladstone St.) AC 3 
3 (Grand Ave.) AC 3 
4 (Baranca Ave.) AC 3 

 
Impact to Surrounding Businesses – Construction will be performed primarily during 
business hours.  This parameter is based on the percentage of each alignment that lies 
within commercial zones which may lead to impact on day to day business operations 
during construction.  Even though the utilization of residential streets will have an 
adverse affect on the residents, it was determined that this affect was minimal considering 
a majority of residents will vacate the area (for school, work, etc.) during construction 
activities.  The higher the percentage, the greater the impact on surrounding businesses.  
A higher impact means a lower rating (less attractive option).   

Table 7-11:  Commercial Impact Alignment Parameter 

Alignment Percent 
Commercial Rating 

1 (Arrow Highway) 83% 1 
2 (Gladstone St.) 25% 3 
3 (Grand Ave.) 61% 2 
4 (Baranca Ave.) 30% 3 
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Impact to Traffic – This parameter quantifies the impact to traffic during construction 
activities.  Streets are classified by function (Arterial, Collector, Residential, etc.).  
Arterials typically carry a higher traffic load so they receive a lower rating (less attractive 
option).   
 

Table 7-12:  Street Classification Alignment Parameter 
Alignment Function Rating 
1 (Arrow Highway) Arterial 1 
2 (Gladstone St.) Arterial 1 
3 (Grand Ave.) Arterial 1 
4 (Baranca Ave.) Arterial 1 

 
Capacity of Alignment – The alignments under consideration contain multiple existing 
utilities.  This parameter quantifies the capacity of each alignment to accommodate the 
installation of a new 36” pipeline without adversely affecting the existing utilities.   
Generally, the wider the road, the higher the rating (more attractive option).  
 

Table 7-13:  Capacity Alignment Parameter 
Alignment Street Width Rating 
1 (Arrow Highway) 75 feet 3 
2 (Gladstone St.) 60 feet 2 
3 (Grand Ave.) 75 feet 3 
4 (Baranca Ave.) 60 feet 2 

 
Trench Repair – Each municipality within the study area maintains its own type of 
trench repair based upon standard details.  The more construction intensive the trench 
repair, the lower the rating (less attractive option).  
 

Table 7-14:  Trench Repair Alignment Parameter 
Jurisdiction Citation Description Rating 
Covina R-01-98 Typical T-replacement 3 
Azusa R-12 Typical T-replacement 3 
Glendora SD&S 1.10 Typical T-replacement 3 
LA County 133 Typical T-replacement 3 
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Impact to Schools – Construction activities may adversely impact schools.  The more 
schools located along an alignment, the higher the impact (less attractive option).  
 

Table 7-15:  School Impact Alignment Parameter 
Alignment # of Schools School Name Rating

1 (Arrow Highway) 2 Gladstone High School 1 Live Oak Canyon School 

2 (Gladstone St.) 2 Gladstone Street Elementary 1 Azusa Unified School District 
3 (Grand Ave.) 1 Covina Valley Unified School 2 
4 (Baranca Ave.) 0 None 3 

 

Totals – The summation of the products of the weight value and rating or impact for 
each alignment.  The higher the number the more attractive the alignment is for 
construction of the pipeline.  Tables 7-16 to 7-17 perform the analysis and identify the 
selected alternate 
 

Table 7-16:  Evaluation of East-West Alignment 

Type of Impact 

Alignment 1 
(Arrow Highway) 

Alignment 2 
(Gladstone St.) 

Weight 
Value 

Rating or 
Impact  Total Rating or 

Impact Total 

Pavement Type  2 3 6 3 6 

Impact to Businesses 2 1 2 3 6 

Impact to traffic 2 1 2 1 2 

Alignment Capacity  3 3 9 2 6 

Trench Repair 3 3 9 3 9 

Impact to Schools 1 1 1 1 1 

TOTALS    29   30 
          

       
LEGEND:  LEGEND:    
Weight Value  Rating or Impact
1 - Minimal Importance 1 - Significant Impact
2 - Important  2 - Average Impact
3 - Very Important  3 - Minimal Impact
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Table 7-17:  Evaluation of North-South Alignment 

Type of Impact 

Alignment 3  
(Grand Ave.) 

Alignment 4 
(Baranca Ave.) 

Weight 
Value 

Rating or 
Impact  Total Rating or 

Impact Total 

Pavement Type  2 3 6 3 6 

Impact to Businesses 2 2 4 3 6 

Impact to traffic 2 1 2 1 2 

Alignment Capacity  3 3 9 2 6 

Trench Repair 3 2 6 2 6 

Impact to Schools 1 2 2 3 3 

TOTALS    29   29 
          

       
LEGEND:  LEGEND:    
Weight Value  Rating or Impact
1 - Minimal Importance 1 - Significant Impact
2 - Important  2 - Average Impact
3 - Very Important  3 - Minimal Impact
         

 
Conclusion of Alignment Evaluation
 
Gladstone St. provides a slightly preferable alignment for the east-west portion of the 
distribution pipeline.  For the north-south alignment, both options pose an equal impact.  
However, Baranca Ave. had more favorable ratings and shall be adopted as the preferred 
north-south alignment.  Figure 7-9 shows the preferred pipeline alignment system 
configuration. 
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Application 
 
To maintain a pipe velocity of approximately 6 fps and to accommodate a high discharge 
pressure near the booster station, nominal 24-inch and 36-inch pipes with a pressure 
rating of 300 psi were selected as necessary.  The total length of pipe is approximately 
31,500 feet and is broken down by benefitting stakeholder in Table 7-18.  By convention 
for the Water Model, transmission pipelines are labeled TR and tank inlet pipelines are 
labeled IL.  Existing pipelines that were included in the hydraulic model (Figure 7-5) are 
not included in Table 7-18, notably IL-1 and IL-3.   
 

Table 7-18:  Total Length of Pipe Broken Down by Benefitting Stakeholder 
Stakeholder Model 

ID
Length 
(feet) 

Diameter 
(inches) Location 

All Stakeholders TR-1 9,500 36 
From Equalization Tank to Intersection of 
Gladstone and Rockvale via Lark Ellen and 
Gladstone 

Glendora & 
RWD/WVWD TR-2 4,600 36 In Gladstone between Rockvale and Barranca 

Glendora Only IL-2 5,400 24 In Gladstone between Barranca and Glendora 

RWD/WVWD Only TR-3 12,000 36 In Barranca between Gladstone and Badillo  

 
7.8.3:  Booster Station 
 
Hydraulic modeling showed that a single booster station containing four 1,050-HP pumps 
each capable of producing 5,000 gpm at 650 feet of head can accommodate all possible 
flow regimes.  All pump motors must be fitted with variable frequency drives capable 
varying the rotational velocity between 70% and 100% of maximum.  Based on the 
affinity laws for centrifugal pumps, Figure 7-10 shows a set of generic performance 
curves that were calculated per the methodology described in Section 7.7. 
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Figure 7-10:  VFD Curves for Recommended Booster Pumps 
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By operating at different rotational velocities, this booster configuration can adapt to the 
various anticipated loadings required for delivery to ALW and Glendora versus delivery 
to WVWD.  Furthermore, this configuration can accommodate variations in flow through 
the treatment facility that may result from unforeseen conditions in the well field.  
Generally, with three pumps in operation, the capacity of the booster station is 15,000 
gpm with an additional pump as a stand-by.  With all pumps in operation, the booster 
station can accommodate maximization of all wells at approximately 19,000 gpm.  A 
rotational velocity of 90% is required to provide adequate booster pumping capacity for 
the Summer Scenario (flow split between ALW and Glendora).  A rotational velocity of 
100% is required to provide adequate booster pumping capacity for the Winter Scenario 
(all flow to RWD/WVWD). 
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7.9 Summary 

Table 7-19 summarizes the recommended improvements required to deliver treated water 
to ALW, Glendora, RWD and WVWD.  
 

Table 7-19:  Collection and Distribution System Improvements 

Pipelines

Diameter Length 
16 3830 
20 2100 
24 6200 
30 3510 
36 26100 

Well Pumps 
(Motor and Casing Rehabilitation) 

Name HP 
Aspan 500 

Azusa 9 350 
Azusa 10 650 
Contract 350 

Glendora 3 300 
Glendora 4 300 

Vosburg 350 

Booster Pumps 
Quantity HP 

4  1050 
Interconnections Quantity Diameter 

(Valve and Meter) 3 24” 

Equalization Tank 
Quantity Volume (gal) 

1 100,000 
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Chapter 8 – Preliminary Site Layouts and Cost Estimates 

8.1  General Overview 
 
This chapter provides an overview of the equipment requirements for each of the 
treatment processes, a preliminary site layout and a cost analysis for implementation.   
 
8.2  Appurtenant Equipment Requirements 
 
This section provides a description of equipment requirements for the following 
treatment processes:  
 

� Particulates 
� GAC 
� Ion Exchange (Perchlorates) 
� Ion Exchange (Nitrates) 
� Nitrate Regeneration 
� Disinfection 

 
Equipment for each process was sized assuming a flow rate of 15,000 gpm.  
 
Particulates 

Particulates must be removed to prevent contamination of the resins and GAC.  
Particulates may render these media ineffective.  Therefore, a particulate removal system 
is required prior to any contamination treatment.  The type of particulate removal system 
utilized at this treatment facility will be a cartridge system.  Based on Civiltec’s 
experience with similar treatment facilities, each vessel in the particulate removal system 
has a flow capacity of approximately 3,750 gpm.  Comparing this flow rate to the total 
expected discharge from the treatment plant, it was determined that a total of five vessels 
are required. 
 
Ion Exchange (Perchlorates) 
 
It is assumed a typical perchlorate ion exchange vessel setup (Lead/Lag) has the capacity 
to accommodate approximately 1,750 gpm.  Comparing this capacity to the total expected 
discharge from the treatment plant, it was determined a total of seven vessel pairs (i.e. 14 
individual vessels) is required.  However, based upon the blending analysis from Chapter 
6 the perchlorate ion exchange system would be required to process 8,900 gpm to meet 
the perchlorate effluent goal of 4.8 μg/L (80% of the MCL).  When considering blending, 
a total of five vessel set pairs (10 individual vessels) is required.  It is recommended that 
ten vessels be installed with adequate adjacent space to install four more vessels in the 
event perchlorate concentration increases in the future.   
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GAC 

The concentrations of VOCs are relatively low; therefore, the GAC system will be 
operated in a parallel setup, as opposed to a lead/lag setup.  It is assumed the capacity of 
the GAC vessels in a parallel setup is approximately 1,100 gpm.  Comparing this capacity 
to the total expected discharge from the treatment plant, it was determined a total of 14 
vessels is required.  However, this requirement is based on treating the entire flow.  As 
discussed in Chapter 6, the worst case scenario for VOC concentration results in a flow 
rate of 9,500 gpm or less.  Only ten GAC vessels are required to accommodate the worst 
case scenario.  It is recommended that ten GAC vessels be installed with adequate space 
adjacent thereto in order to install four more vessels in the event VOC concentrations 
increase in the future. 

Ion Exchange (Nitrates) 
 
It is assumed a typical nitrate ion exchange vessel setup (Lead/Lag) has the capacity to 
accommodate approximately 1,700 gpm.  Comparing this capacity to the total expected 
discharge from the treatment plant, it was determined a total of nine vessel set-ups (i.e. 18 
individual vessels) are required.  However, based upon the blending analysis from 
Chapter 6, the nitrate ion exchange system would be required to process 9,655 gpm to 
meet the nitrate effluent goal of 36 mg/L (80% of the MCL).  When considering 
blending, a total of six vessel setups (i.e. twelve individual vessels) are required.  It is 
recommended that twelve vessels be installed with adequate adjacent space to install six 
more vessels in the event nitrate concentration increases in the future. 
 
Regeneration Brine Equipment 
 
The nitrate treatment media is regenerated onsite with a concentrated brine solution.  The 
brine regeneration process requires the follows equipment and infrastructure: 

� Storage for dry sodium chloride 
� Brine tanks 
� Discharge equalization basin (optional) 
� Waste brine line to industrial sewer 

 
Once the nitrate treatment media has become saturated, the vessel is taken offline and 
filled with brine for regeneration.  The regeneration process is governed by the following 
reaction: 

inesRRWhere
NaNOClRNaClNOR

�

���
�
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Assuming the entire flow will be treated, the daily molar loading of nitrate is 
approximately 109,000 moles of nitrate per day: 
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To complete the regeneration process, this molar loading of nitrate requires a sodium 
chloride dosage of 8,995 pounds per day: 
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Assuming a 10% brine solution (typical concentration for media regeneration), the 
discharge to the LACSD industrial sewer is approximately 10,548 gallons per day: 
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Under this loading, eight 10,000-gallon brine tanks will provide enough storage for 
approximately one week of regeneration.  Under blending operations, the total salt 
requirement is significantly reduced.   �
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Disinfection 
 
Following the treatment process and prior to discharge into the distribution system, 
adequate disinfection must be applied to assure a sufficient disinfectant residual in the 
treatment plant effluent.  On-site generation and injection of chlorine provides the most 
benefits for this project.  The on-site chlorine generation process uses the same source 
material (sodium chloride) as the nitrate treatment regeneration process which will 
simplify on-site brine generation and storage.  Sodium chloride (i.e. food quality table 
salt) is safe to store and handle and is readily available in a high quality form.   
 
This type of chlorination is consistent with the disinfectant methods employed by ALW 
and Glendora, so there is no increased risk of chemical cancellation or the development 
of disinfectant byproducts.  However, RWD and WVWD presently receive the bulk of 
their water production as imported treated surface water from the MWD Weymouth 
Water Treatment Plant which contains chloramine as a residual disinfectant.  Depending 
on the ratio of treated surface water to treated groundwater, the mixture of water in the 
Grand/Badillo Pipeline and the Terminal Reservoir may result in the chemical 
cancellation of residual disinfectant requiring an injection of ammonia for stabilization.   
 
A typical on-site chlorine generation system is shown in Figure 8-1 and consists of the 
following components: 

(a) water softener 
(b) brine tank 
(c) brine pump 
(d) water heater/chiller 
(e) electrolytic cell and cell controller 
(f) oxidant tank, 
(g) metering pump 
(h) hydrogen vents 
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Figure 8-1:  Typical On-Site Chlorine Generation System 

 
 
Water coming into the system first goes through a softener, after which it is split into two 
lines.  One line feeds directly into an electrolytic cell while the other is used to fill a brine 
tank.  The brine tank stores a concentrated salt solution, prepared by having an excess of 
salt in the tank so that the solution is a near-saturated brine.  The brine is then injected 
into the softened water stream entering the electrolytic cell. 
 
When the dilute salt solution is inside the electrochemical cell, a current is passed 
through the cell, producing the oxidant (sodium hypochlorite or other oxidants) solution.  
After leaving the electrolytic cell, the oxidant solution is stored temporarily in the oxidant 
tank and is then metered into the water moving through the treatment process.  Hydrogen 
gas is also produced inside the electrolytic cell, and the hydrogen must be removed from 
the cell and oxidant storage tank through vents. 
 



CHAPTER EIGHT – PRELIMINARY SITE 
LAYOUTS AND COST ESTIMATES 

 
FEASIBILITY STUDY FOR THE MULTI-AGENCY REGIONAL GROUNDWATER RECOVERY 
PROJECT-100% DRAFT 

Page 8 - 6 

Electrolysis occurs in the electrolytic cell producing chlorine gas which remains 
dissolved in the water as a disinfectant.  The dosage of salt for the disinfection process is 
approximately 1,200 pounds per day assuming an initial chlorine concentration of 4 
mg/L: 
 

day
NaCllbs

day
inm

gal
L

g
lbs

NaClM
NaClg

ClM
NaClM

Clg
ClM

nmi
gal

L
Clg

RateFlowionConcentratDosage

200,1

.2460
.26.01000

2.2582
70.

.15000004.0

22

22

�

��
�

�
		



� �
��
�

�
		



�
��
�

�
		



�
��
�

�
		



�
��
�

�
		



�
��
�

�
		



�
��
�

�
		



�
�
�

�
	



�

��

 

 
An ammonia injection facility may be required at the RWD/WVWD connection point in 
the vicinity of Grand Ave. and Badillo St. 
 

Table 8-1:  Summary of Treatment Plant Equipment Requirements 
Process Units

Particulate Removal 5 Cartridge Filter Vessels each with 3,750 gpm 
capacity 

Perchlorate Removal 10 Perchlorate Ion Exchange Vessels in Lead/Lag 
configuration each pair with 1,750 gpm capacity 

VOC Removal 10 GAC Vessels each with 1,100 gpm capacity 

Nitrate Removal 12 Total Nitrate Ion Exchange Vessels in Lead/Lag 
configuration each pair with 1,700 gpm capacity 

Nitrate Regeneration 8 Brine Tanks each with 10,000 gallon capacity 

Brine Disposal 4700 feet of gravity brine disposal pipeline  

Disinfection On-site Chlorine Generation Unit with 1,200 lbs 
NaCl per day capacity 
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8.3 Preliminary Site Layouts 
 
Per the site evaluation process in Chapter 4, Site 10 was determined to be the best 
available site. 
 
The Site 10 is located in the vicinity of 16734 E Arrow Highway it is currently owned by 
the City of Glendora.  Glendora Wells 3 & 4 and 0.25 million gallon holding tank are 
currently located at this site.  There is sufficient area for all the treatment processes; in 
addition, the site is in a location central to the wells.  The site is in close proximity to the 
Little Dalton Wash providing access for pump to waste during start up procedures.  It was 
determined during an onsite visit that there is an existing discharge pipeline to the wash 
from the existing tank.  Since the pipeline has already been constructed, a permit process 
has already been conducted; therefore, it is possible all the proper permits are on file and 
may only need to be updated.  There is a cellular phone tower located at the northeasterly 
corner with limited access fencing.  The site is currently leased to a private landscaping 
company whose equipment and product are temporary and easily removed. 
 
Figure 8-2 shows the preliminary site layout based upon the equipment requirements for 
each of the processes, including disinfection and regeneration.  This layout was 
development from the equipment requirements for treating the total discharge of 15,000 
gpm.  However, the use of blending techniques will lower the initial equipment 
requirements.  The initial equipment is shown with dark lines and any additional 
equipment is shown in gray that may be required in the future.  The site layout was 
designed to accommodate the higher equipment requirements allowing for future 
expansion in the event that water quality changes.   
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Figure 8-3 is a concept process flow diagram of the treatment processes the water will 
undergo as it passes through the treatment facility.  The first treatment process is the raw 
water filtration where any particulates are removed by the cartridge filter system.  Then 
the perchlorates are removed through the perchlorate ion exchange process.  The third 
process will be to remove VOC contamination through the GAC vessels.  The final 
treatment process is the removal of nitrates through the nitrate ion exchange vessels.  
Finally, the treated water will be disinfected and distributed. 
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8.4 Treatment Equipment and System Cost Estimates 
 
A preliminary opinion of probably costs associated with the treatment facility, including 
collection and distribution pipelines, has been prepared.  These costs are based upon 
typical equipment and installation requirements obtained from equipment manufactures 
and contractors.  The total capital cost to construct the treatment facility, in 2010 dollars, 
is approximately 66.6 million dollars; this also includes a 10% contingency for 
unforeseen contingency items and 15% for engineering, planning and administration fees.  
The treatment facility is expected to have a 30 year life cycle; when amortized over this 
period, utilizing a 4% interest rate, the annual cost is approximately 3.82 million dollars.  
The annual cost to construct the treatment facility, transmission piping and ancillary 
equipment; based upon an average of 20,000 acre-foot of water treated, is approximately 
158 dollars.  Table 8-2 is a summary of the equipment required and the capital costs 
associated with each unit. 
 
The estimate assumes that all wells will require full rehabilitation including replacement 
of electrical and mechanical equipment, lining of the existing casings.  It may be 
concluded during the preliminary design and well investigation phase that such 
improvements are not warranted at all well facilities.  The improvements at the site have 
been arranged in a manner to allow for sequential operation of each unit process.  This 
will minimize extensive piping requirements and mechanical improvements.  A building 
of 3,000 square foot area has been assigned to house the booster pump and disinfection 
facilities.  In addition treatment systems units have been quantified based upon blending 
operations being fully utilized.    
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Table 8-2:  Capital Cost Estimate for Construction of Treatment Facility 
Item 

Number Description Unit Quantity Unit Price Total Price 

  Treatment Facility         
1 Mobilization/Demobilization LS 1 $500,000.00 $500,000
2 Site Improvements and Piping LS 1 $1,700,000.00 $1,700,000
3 Perchlorate IX Vessels Pair 5 $550,000.00 $2,750,000
4 Nitrate IX Vessels Pair 6 $550,000.00 $3,300,000
5 GAC Vessels EA 10 $110,000.00 $1,100,000
6 Chlorine Disinfection Equipment and Electrical LS 1 $660,000.00 $660,000
7 Particulate Filter EA 5 $55,500.00 $277,500
8 Brine Storage Tanks EA 8 $22,500.00 $180,000
9 Brine Waste Pipeline LF 4,700 $600.00 $2,820,000

10 Concrete Pads for Treatment Equipment CY 1,517 $500.00 $758,333
11 Booster Pump w/ Electrical LS 1 $4,200,000.00 $4,200,000.00
12 Misc. Mechanical and Equipment LS 1 $1,250,000.00 $1,250,000.00
13 Booster Pump and Disinfection Building SF 3,000 $200.00 $600,000
14 Equalization Tank LS 1 $500,000.00 $500,000.00
  Sub-Total Treatment       $20,595,833
  Collection and Distribution System         

15 16-inch Pipe LF 3,830 $267.00 $1,022,610.00
16 20-inch Pipe LF 2,100 $380.00 $798,000.00
17 24-inch Pipe LF 6,200 $457.00 $2,833,400.00
18 30-inch Pipe LF 3,510 $550.00 $1,930,500.00
19 36-inch Pipe LF 26,100 $685.00 $17,878,500.00
20 500 HP Aspan Well Pump Equipping & Rehab EA 1 $1,085,139.76 $1,085,139.76
21 650 HP Azusa 9 Well Pump Equipping  & Rehab EA 1 $1,238,533.30 $1,238,533.30

22 
350 HP Azusa 10 Well Pump Equipping  & 
Rehab EA 1 $1,375,869.75 $1,375,869.75

23 350 HP Contract Well Pump Equipping & Rehab EA 1 $957,211.54 $957,211.54

24 
300 HP Glendora 3 Well Pump Equipping & 
Rehab EA 1 $947,246.68 $947,246.68

25 
300 HP Glendora 4 Well Pump Equipping & 
Rehab EA 1 $907,261.83 $907,261.83

26 350 HP Vosburg Well Pump Equipping & Rehab EA 1 $957,268.78 $957,268.78
27 Interconnection (Valve and Meter) EA 3 $100,000.00 $300,000.00
  Sub-Total Collection and Distribution       $32,231,542
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Table 8-2 Cont:  Capital Cost Estimate for Construction of Treatment Facility 
Sub-Total $52,827,374.64

10% Contingency $5,282,737.46
15% Engineering, Planning and Administration $7,924,106.20

Total $66,034,218
Period (Years) 30

Interest Rate  4%
Annual Cost $3,818,765.39

  Annual Yield (AF/Yr) 24,200
Annual Unit Cost ($/AF) $158

 
The annual operation and maintenance for this treatment facility consist primarily of: 

� Media Replacement (GAC, Ion Exchange Resins) 
� Salt Delivery (Nitrate Vessel Regeneration and Disinfection) 
� Acid injection 
� Electricity (For pumping and Non-Pumping operations) 
� On-Site Technicians for operations and maintenance of the facility 
� Routine replacement of mechanical components 
� Laboratory Testing 

Table 8-3 is an estimate of the expected costs associated with the operations and 
maintenance of the treatment facility.  The total annual cost, in 2010 dollars, is 
approximately 6.75 million dollars.  The annual cost for operations and maintenance 
based upon an acre-foot of water treated is approximately 332 dollars. 
 

Table 8-3:  Operations and Maintenance Costs for Treatment Facility 
Description Unit Quantity Unit Cost Total

Electrical Pumping Ac-Ft 24,200  $185.19 $3,703,800.00
Electrical Non-Pumping Ac-Ft 24,200  $20.00 $400,000.00
Salt TON 1,373  $163.00 $223,799.00
Brine Discharge Permit (LCFCD) Capacity 6  $3,408.90 $20,300.00
Perchlorate  IX Resin Ac-Ft 24,200  $62.00 $1,240,000.00
Nitrate IX Resin Ac-Ft 24,200  $17.00 $340,000.00
O&M Costs for GAC LS 1  $69,467.00 $69,467.00
On-Site Technicians/Operators/Maintenance Crew LS 1  $275,000.00 $275,000.00
Lab Work Ac-Ft 24,200 $4.00 $80,000.00
Acid Injection GAL 2,700  $13.50 $36,450.00
System Replacement Cost Ac-Ft 24,200 $17.50 $350,000.00
Cartridge Filter Change Out LS 1  $15,000.00 $15,000.00

Annual Total $6,753,816.00
Cost per AF (24,200) (2010 Dollars) $332.14
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8.5 Analysis of Cost per Agency
 
Following is a rationale for allocating those costs which are to be borne by the 
Participants.  The following categories of costs have been identified and include a 
methodology for allocation: 
 
Research and Studies 

� Development of MOU for exporting water from the Basin 
� Simulation of hydrogeologic model of Basin 

 
Capital and O&M costs associated with treatment 

� Well inspection 
� Well rehabilitation 
� Well equipping 
� Collection system 
� Treatment plant 
� Media 
� Waste Disposal 
� Power 
� JPA 

 
Allocate treatment capital costs by production allotment per Table 7-5 (Distribution 
Summary) per Table 8-4. 
 

Table 8-4:  Benefits Breakdown for Treatment, Production and Collection 
Unit ALW Glendora WVWD RWD Total

Volume (AF) 1,613 3,051 9,765 9,765 24,194 
Percent of Total (%) 6.67% 12.61% 40.36% 40.36% 100.0% 

 
Capital and O&M costs associated with production and distribution 

� Wells 
� Booster station 
� Pipelines 
� Interconnections 
� Disinfection 
� Power 

 
Due to the relative distance from the treatment plant to the various connection points and 
the anticipated maximum flow rate at those connection points, the benefit to each 
participant has been weighted accordingly.  For a more detailed description of relative 
benefit, refer to Table 7-5 and Figure 7-5 which delineate and quantify distribution 
system components.  In Table 8-7, L×D was introduced as a parameter developed to 



CHAPTER EIGHT – PRELIMINARY SITE 
LAYOUTS AND COST ESTIMATES 

 
FEASIBILITY STUDY FOR THE MULTI-AGENCY REGIONAL GROUNDWATER RECOVERY 
PROJECT-100% DRAFT 

Page 8 - 15 

account for variations in pipe length and diameter in an equitable fashion.  The L×D 
parameter for each pipeline segment is distributed among the participants by relative 
benefit. 
 
For the pipeline segments that benefit all participants, the relative benefit was calculated 
as a weighted percentage of anticipated maximum flow rates per Table 8-5 as follows: 

Table 8-5:  Benefits Breakdown for Distribution All Participants 
Participant ALW Glendora WVWD RWD

Max Flow Rate (gpm) 4,500 5,300 7,500 7,500 
Weighted Percentage 18.15% 21.37% 30.24% 30.24% 

 
For the pipeline segment that benefit only Glendora, WVWD and RWD, the relative 
benefit was calculated as a weighted percentage of anticipated maximum flow rates per 
Table 8-6 as follows: 
 

 Table 8-6:  Benefits Breakdown for Distribution for Glendora, WVWD, and RWD 
Participant ALW Glendora WVWD RWD

Max Flow Rate (gpm) 0 5,300 7,500 7,500 
Weighted Percentage 0% 26.11% 36.95% 36.95% 

 
For the pipeline segment that benefits only WVWD and RWD, the relative benefit was 
set at 50% each; and, the pipeline segment benefitting only Glendora received a relative 
benefit of 100% for Glendora. 
 

Table 8-7:  Benefits Breakdown for Distribution 

Stakeholder Length 
(feet) 

Diameter 
(inches) L×D ALW Glendora WVWD RWD 

All 
Stakeholders 9,500 36 342,000 19,088 84,307 119,302 119,302 

Glendora, RWD 
& WVWD 4,600 36 165,600 0 43,235 61,182 61,182 

Glendora     
Only 5,400 24 129,600 0 129,600 0 0 

RWD & 
WVWD 12,000 36 432,000 0 0 216,000 216,000 

Distribution of Length × Diameter 1,069,200 19,088 257,142 396,485 396,485 

Percentage of Benefit 100% 1.79% 24.05% 37.08% 37.08% 
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Chapter 9 – Project Implementation Schedule and Permitting 
 
9.1 General Overview 
 
In order to further the progress of the feasibility study and to further solidify the goals of 
the project, it will be necessary to proceed with the preliminary planning, design and 
investigation to determine the merits of the project.  The project inherently will be subject 
to financial, planning and permitting constraints prior to its ultimate completion.  What’s 
more  it is becoming increasingly important to plan appropriately and ensure that each of 
the project participants fully engages in the necessary steps to make the project a success.  
As a result a preliminary master schedule has been prepared to identify the next steps to 
be pursued during project implementation.  ALW, Glendora, RWD WVWD are actively 
pursuing funding of the project through grants and low interest loans as available.  A 
summary of available funding mechanisms are included in Chapter 10.  In order to 
achieve the goals and ultimate success of the project, a formal funding plan should be 
prepared.   Project participants have collectively joined resources to equally fund an 
original grant application which was successfully awarded $200,000 from the Water 
Quality Authority contingent upon acceptance of a feasibility study.  For this reason 
project participant have joined together to fund this current effort.  TVMWD was integral 
in providing the seed funding to support this study.  As result a determination of the 
needs of the facility and ultimate distribution of responsibility has been developed.  It is 
anticipated that project participants will collectively apply for funding from the WQA 
during its February 2010 funding cycle.  This application will serve to further bolster the 
existing funding pool and enable the project participants to apply and secure grants and 
loans from other funding sources.  General consensus among the funding entities 
concludes that they will be much more open to supporting a project if multiple funding 
sources commit to the project as well. 
 
Implementation of this project is important to project participants to fully offset the 
negative impacts of increased rates from MWD and its water supply reliability.  Project 
implementation will ultimately be contingent upon a creation of a final agreement 
between the project participants.  Preliminary discussions have focused on the creation of 
a Joint Powers Authority to pay for capital, operations, and maintenance and ownership 
expenses of the facility.  A distribution of responsibility has been presented in Chapter 8 
relating to individual benefits and responsibilities from the project.  Ultimately ALW and 
Glendora will receive water produced from the treatment plant during the peak demand 
season.  RWD and WVWD are prepared to receive what remaining excess production is 
not being utilized by ALW and Glendora.  Project participants are currently developing a 
memorandum of understanding to be reviewed and approved by each of the respective 
parties.  It will be critical that a full agreement be developed well before final design of 
the project is complete. 
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In addition to establishing formal agreements between the project participants, RWD and 
WVWD are developing a cyclic storage agreement with the Water Master.  Formal 
discussions with the Water Master were initiated on September 14, 2009 and a formal 
request to develop a cyclic storage agreement with the Water Master was issued the 
following week of September 2009.  In light of this, project participation by RWD and 
WVWD will be contingent on their ability to complete an out-of-area water transfer 
(export from the basin) and substantiate their ability to deliver and store water within the 
Main San Gabriel Basin.  RWD and WVMD are currently developing plans to deliver 
water to a location within the basin for storage.  Plans for and development of 
procurement requirements will need to be in place for the ultimate success of the project. 
 
In parallel with development of agreements the project participants view the need for 
analysis of the basin as paramount in considering the impact from operation of the wells 
to the basin.  This analysis will identify the affects of pumping from these locations to 
basin flow and migration of the plume.  An important component to this study will be to 
define what the future concentrations of contaminants may be during operation of the 
facility.  This exercise will help to characterize what the ultimate needs of the treatment 
plant may. 
 
In addition, initiation of the preliminary design should be authorized as early as possible.  
In this manner the ultimate needs of the site will be fully characterized and developed.  
Part of this effort should include the development of performance specifications (RFPs) 
that will solicit the most equitable treatment solution from the respective vendors who 
provide solutions for this type of treatment.  A preliminary design will establish the 
allowable tolerances for site implementation and will document the ultimate design plan 
to a 50% level.  It will be important; although not necessary, that prior to initiating final 
design plans that the selected vendors be brought on board to support the ultimate 
inclusion of their equipment into the final design.  The RFPs may be developed in a way 
so as to require the vendor to install their own equipment or for the selected site 
improvement contractor to perform installation of the equipment as owner 
selected/furnished equipment. 
 
Well inspection activities should be scheduled in a time frame early on in the preliminary 
design to determine the need for well rehabilitation.  Some well conditions may preclude 
the ability for rehabilitation to be performed.  Consistent with input received from 
operators of the respective wells, all wells appear to have the ability to be reactivated.  As 
a result reactivation of the wells looks favorable.  Considering this it should be noted that 
full production from the wells to original levels may be limited due to rehabilitation 
activities and the condition of the wells.  Water quality sampling including a full Title 22 
sampling and testing analysis should be performed.  This will also assist in the selection 
of the final equipment for the treatment processes.  In addition inspection of the well 
through video logging will provide the framework for determining the necessary down 
hole improvements that will be required to reactivate the wells. 
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Implementing well redevelopment, rehabilitation and well equipping activities may be 
coordinated with construction of the treatment to improve execution of project goals.  
Similar projects in size and scope have utilized the treatment plant equipment with 
sacrificial media provided at a lower cost to treat well testing water during normal well 
testing events which can will handle and treat the volume of water expected during 
testing.  Water is treated and subsequently discharged to the nearest storm drain channel.  
In light of this the project schedule has been developed so as to ensure that final well 
development and testing be performed at a time when the treatment plant is operational.  
This will require that electrical improvements be made at the respective well sites and 
that the majority of the improvements at the treatment facility are in place prior to 
initiation of these activities. 
 
9.2 Preliminary Project Schedule 
 
A project schedule has been developed to identify key milestone necessary for project 
implementation and success.  Overall it is anticipated that preliminary planning and 
design phases will take place over the next two years.  The timing frames identified are 
commensurate with planning activities of projects of comparable scope and effort.  The 
CEQA documentation phase has considered the development of an EIR document which 
inherently requires additional time for preparation and review.  In consideration of the 
project as a whole this determination may be appropriate; however only the initial study 
will prove toward this or another determination.  Initiating the CEQA effort as early as 
practical will be an important process in ultimate project success. The initial study may 
determine that another determination is appropriate.  Final design will round out the 
planning and design phase in late summer of 2011.  Final plant installation and 
procurement of equipment is anticipated to begin in the Fall of 2011 and final completion 
will take place in Fall of 2014 with start-up and permitting completion being executed at 
the end of 2014 or early 2015.  Table 8-4 represents a summary of the project schedule.  
A detailed Gantt chart of the master project schedule is included in Appendix B. 
 
This study constitutes the completion of the project conceptualization phase of the effort.  
Formal acceptance of this study is expected to be complete by April of 2010.  Each 
subsequent step of the project schedule aside from establishing the Multi-Agency and 
Cyclic storage agreements is preceded by completion of this study.  As a result it is 
important that this initial step be complete to move forward with the remaining portions 
of the work.   
 
Well inspection is planned to commence in the beginning of April 2010.  Well repair and 
rehab work will commence in the middle of 2013 to allow time for treatment equipment 
to be installed and operational for execution of final well pump testing.  It is important 
that wells be cleaned, tested and placed into operation within a short time frame so as not 
to allow the growth of bacteria in the well.   
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Permitting of the project can commence at any time but has been scheduled in Spring of 
2010 for the City and in the summer of 2011 for other State and County Agencies to 
ensure input from these permitting agencies is considered prior to final the design of the 
facilities. 
 

Table 9-1:  Project Implementation Schedule 
Description Duration Start Finish 
Multi-Agency Ground Water Recovery Project 1440d Mon 6/15/09 Fri 12/19/14 
Multi-Agency Agreement 320d Wed 9/16/09 Tue 12/7/10 
Cyclic Storage Agreement in the Basin 458d Mon 9/14/09 Wed 6/15/11 
Project Conceptualization 143d Wed 9/16/09 Fri 4/2/10 
Technical Report 180d Mon 4/5/10 Fri 12/10/10 
Basin Plume Study 210d Mon 4/5/10 Fri 1/21/11 
DPH Permitting 1230d Mon 4/5/10 Fri 12/19/14 
Policy Memo 97-005  405d Mon 1/24/11 Fri 8/10/12 
DPH Permit 915d Mon 6/20/11 Fri 12/19/14 
City Permitting 490d Fri 4/16/10 Fri 3/2/12 
CEQA 395d Mon 8/30/10 Fri 3/2/12 
Conditional Use Permit Processing 195d Fri 4/16/10 Fri 1/14/11 
City Department Approvals 65d Mon 8/22/11 Fri 11/18/11 
Regional Water Quality Control Board 
Permitting 135d Mon 6/20/11 Fri 12/23/11 
Los Angeles County Sanitation District 120d Mon 6/20/11 Fri 12/2/11 
Well Rehabilitation 1130d Mon 4/5/10 Fri 8/1/14 
Well Inspection 105d Mon 4/5/10 Fri 8/27/10 
Well Repair/Rehab 295d Mon 6/17/13 Fri 8/1/14 
Treatment System Procurement 215d Mon 8/30/10 Fri 6/24/11 
Treatment System Design 105d Mon 3/28/11 Fri 8/19/11 
Treatment System Installation 760d Mon 11/21/11 Fri 10/17/14 
Funding and Grant Applications 800d Mon 6/15/09 Fri 4/26/13 

 
9.3 Preliminary Permits 
 
As early on in the preliminary design phase it will be important to determine the 
minimum requirements of the City pursuant to City ordinances as applicable for a 
variation in the land use characterization of the site.  Currently the site is occupied with 
water pumping, storing and conveying equipment.  The character of the site will be 
changed slightly to include water treatment facilities and appurtenances.  The City may 
have certain requirements that will impact final design.  The schedule identifies a time for 



CHAPTER NINE – PROJECTIMPLEMENTATION 
SCHEDULE AND PERMITTING 

 
FEASIBILITY STUDY FOR THE MULTI-AGENCY REGIONAL GROUNDWATER RECOVERY 
PROJECT-100% DRAFT 

Page 9 - 5 

initiating City coordination a number of days after preliminary design has begun.  
Ultimately all City coordination including SUSMP and building department approvals 
will be executed at the appropriate times to continue work progress. 
 
Permitting from the State and County agencies will also need to commence as early as 
practical. Typically CDPH desires to review and see a preliminary design report that 
identifies specific features of the project coupled with the CEQA determination. It will 
also be necessary to evaluate the need to prepare a report in compliance with policy 
memo 97-005.  As a result the Basin Plume study should be prepared as early as possible 
to support this component of the effort.  CDPH will also require that the plant be 
operational for a certain period of time prior to acceptance and permit issuance.  This 
typically entails operating the plant at full capacity with the majority of water being 
directed to waste.  In this case a permit with the RWQCB will need to be issued to 
determine requirements for discharge.  This exercise will also include interaction with the 
County of Los Angeles Department of Public Works and their ultimate approval of the 
discharge.  Discharge of waste brine will also need permitting 



CHAPTER TEN – RECOMMENDATIONS 
 

FEASIBILITY STUDY FOR THE MULTI-AGENCY REGIONAL GROUNDWATER RECOVERY 
PROJECT-100% DRAFT 

Page 10 - 1 

Chapter 10 – Recommendations And Next Steps 
 
10.1 Recommendations 
 
By in large the ultimate success of this project will be contingent upon successful 
completion of a coordinated and focused effort by all project participants.  It will be 
necessary to formalize party agreements and to solidify acceptance of the out-of-area 
transfer with the Watermaster.  The project participants should continue efforts to apply 
for funding with the Water Quality Authority and other applicable agencies.  This will 
greatly improve the attractiveness of the project from a financial standpoint and will 
lessen the impact of purchasing high cost MWD water now and in the future.  Currently 
the combined Capital, Operations and Maintenance outlay of funds in year 2010 dollars 
equates to a cost of $490 per AF of water produced, treated and delivered.  The cost of 
replenishment water may be as high as $526 per AF as detailed later in this chapter.  
However; other alternate sources for replenishment may become available at a lower 
cost.  This may ultimately bring the total cost of producing water to a value of $1,016 per 
AF.  Current Tier 1 rates from MWD are $701 per AF and represent a 21% increase over 
the previous year’s rate.  Continuing this trend will bring MWD water to a value over 
$1,000 per AF in the next two years (year 2012).  This timeline converges with 
commencement of the construction portion of the work effort and by the time 
construction is complete rates from MWD may be higher than this.  The attractiveness of 
this system is its ability to produce water from the basin for less than the cost of MWD 
water while providing a local supply source that is reliable and available for each of the 
project participants.   
 
In light of this it is recommended that the project participants continue to develop a draft 
Memorandum of Understanding between each other and with the Watermaster for 
replenishment water.  Also conduct a hydrogeologic study of the Basin with respect to 
the impact of activating the wells on the contamination plume and proceed with the 
preliminary design phase of the project. 
 
10.2  Coordinating the Missions of the Interested Parties 
 
Water Retailers and Wholesalers 
 
The five agencies backing this project (WVWD, TVMWD, RWD, ALW and the City of 
Glendora) have essentially the same mission which is to provide high quality water to 
their customers at a reasonable price.  Implementation of this project is consistent with 
this mission by securing a redundant high quality local source which will serve to temper 
the volatility of the cost of imported water. 
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Management of the Main San Gabriel Basin 
 
The Main San Gabriel Basin Watermaster has an obligation to achieve the maximum 
utilization of the Basin through the monitoring and management of extraction and 
replenishment.  The Watermaster manages and controls the withdrawal of 
groundwater/surface water and replenishment of imported water supplies in the basin and 
determines the amount that can be safely extracted.  The Watermaster coordinates 
imported water deliveries and recharge. Watermaster coordinates local involvement in 
efforts to preserve and restore the quality of groundwater in the basin.   
 
Availability of Replenishment Water 
 
Mission Statement of the Water Replenishment District of Southern California 

"To provide, protect and preserve high-quality groundwater through innovative, cost-
effective and environmentally sensitive basin management practices for the benefit of 
residents and businesses of the Central and West Coast Basins."
 
The San Gabriel Valley Municipal Water District, the Upper San Gabriel Valley 
Municipal Water District, Three Valley Municipal Water District and the Metropolitan 
Water District of Southern California are directly or indirectly responsible for providing 
imported replenishment water used to recharge the Main San Gabriel Basin.  Untreated 
surplus water from the SWP and the Colorado River Aqueduct is provided at a discount 
for replenishment purposes through these agencies.  However, the availability of 
imported replenishment water is inconsistent.  The current prolonged drought has 
negatively impacted the availability of imported water for replenishment, and the 
responsible agencies are now looking elsewhere for additional replenishment sources.   
 
Highly purified recycled water is an attractive alternative source for replenishment and 
has been used extensively in the Central and West Coast Groundwater Basins for 
spreading and injection.  Of note is the Seawater Barrier Water Conservation Project 
which involves injecting a mixture of imported and recycled water along the coast to 
prevent seawater intrusion into the groundwater supply.  West Basin Municipal Water 
District is currently expanding its use of recycled water in an effort to deflect imported 
water costs and improve the reliability of its local resources.   
 
Another such project with implications for the Main San Gabriel Basin, still in the 
planning stages, is the Groundwater Reliability Improvement Program (GRIP) which is a 
multi-agency effort to provide advanced treated recycled water produced at the San Jose 
Creek Water Reclamation Plant for spreading in the Main San Gabriel and Central 
Basins.  The agencies involved are the San Gabriel Valley Municipal Water District, the 
Upper San Gabriel Valley Municipal Water District, the Sanitation Districts of Los 
Angeles County and the Water Replenishment District of Southern California.  Once 
complete, GRIP will provide 25,000 acre-feet per year for replenishment purposes in the 
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Main San Gabriel Basin and 21,000 acre-feet per year in the Central Basin.  Opposition 
to a similar proposal in 1994 caused the project to be suspended during the public 
outreach phase; however, similar opposition is not anticipated for the current project. 
 
In the South Coast region, recycled water is becoming increasingly valuable given its 
reliability and cost-effectiveness as compared to tapping other water supplies.  In addition 
to extending conveyance systems to deliver recycled water for non-potable uses, the 
region is leading implementation of groundwater recharge and reservoir augmentation 
with recycled water.  
 
Referring to Section 7.2.3, approximately 21,000 AFY of replenishment water is needed 
to offset the volume anticipated to be exported to WVWD and RWD.  Some combination 
of replenishment water purchased from MWD or San Jose Creek WRP (pending 
completion of GRIP) appears to be the most expedient method for developing a cyclical 
storage within the Basin.  It may also be possible to develop an independent source 
similar to GRIP. 
 
According to MWD, as of January 1, 2010, the rates for replenishment water are as 
follows: 
 
Replenishment Water Rate (untreated) $366/AF
Treated Replenishment Water Rate $558/AF

 
However, these rates are subject to availability.  According to the meeting minutes of the 
Regular Meeting of the Main San Gabriel Basin Watermaster held December 9, 2009, 
replenishment water was available from MWD (via USGVMWD) at rates of $526/AF 
(Untreated Tier 1) and $655/AF (Untreated Tier 2) for up to 40,000 AF.   
 
State and Regional Integrated Resource Planning Efforts 
 
There are ongoing planning efforts to integrate management of statewide water resources 
pursuant to California Water Code §10005 as indicated by the California Water Plan 
(Update 2009) Mission Statement: 
 
Updating the California Water Plan provides State, federal, Tribal, regional, and local 
governments and organizations a continuous strategic planning forum to collaboratively:  
 

� Recommend strategic goals, objectives, and near-term and long-term actions that 
would conserve, manage, develop, and sustain California’s watersheds, water 
resources and management systems;  

 
� Prepare response plans for floods, droughts, and catastrophic events that would 

threaten water resources and management systems, the environment, property, 
and the health, welfare and livelihood of the people of California; and  
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� Evaluate current and future watershed and water conditions, challenges, and 

opportunities.  
 
Regional efforts include the Greater Los Angeles County Integrated Regional Water 
Management Plan (IRMWP) and the MWD Integrated Resource Plan (IRP).  The 
purpose of this IRWMP is to improve water supplies, enhance water supply reliability, 
improve surface water quality, preserve flood protection, conserve habitat, and expand 
recreational access in the Region.  Observations made at the state and regional levels are 
consistent with the following areas of concern for implementation of this project: 
 

� Regionalization and consolidation of managerial coordination among utilities 
� Increased groundwater production 
� Development of recycled water as a replenishment source 

 
10.3  Financing 
 
The development of funding plans is based on the unique set of financial conditions of 
the partnership of agencies with interest in this groundwater recovery project.  This 
section identifies some of the issues that should be considered in the development of a 
financing plan.  This project will likely be financed by a combination of resources and 
funding methodologies.  Some of the more common financing techniques, including 
common types of debt instruments applicable in this case, are reviewed herein. 
 
10.3.1:  Pay-As-You-Go 
 
The accumulation of current funds for improvement projects is referred to as 
"pay-as-you-go" financing.  This method of financing requires that the total capital cost 
of the improvements is accumulated in advance of the start of construction.  Large 
projects may require several years to accumulate the necessary funds.  This method of 
funding is ideally applicable to smaller projects.  Pay-as-you-go financing eliminates 
interest costs.  Projects to modernize or otherwise improve an existing system are 
appropriate for this method of financing.  The pay-as-you-go method requires matching 
needed improvements to water revenues, and an adequate water rate structure to ensure 
proper phasing of improvements. 
  
10.3.2:  Pay-As-You-Use 
 
Capital items with a long useful life can be financed over the life of the project on a “pay-
as-you-use” basis using debt instruments.  The term of borrowing should coincide with 
the estimated useful life of the improvements, if market conditions permit, and the debt 
obligation is within the community’s ability to pay. 
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10.3.3:  State Revolving Fund (DWSRF) 
 
The Drinking Water State Revolving Fund (DWSRF) program is an innovative method of 
financing for state water programs to further the goals of the SDWA. Under this program, 
EPA provides grants to states to set up DWSRF programs.  These programs consist of 
federal and state matching funds placed in a revolving loan fund to finance low interest 
loans for construction of the eligible water projects, which address the public health and 
compliance priorities of SDWA.  Additionally, states can set aside federal funds from 
each grant to be used for state water program items and/or direct assistance to water 
systems subject to specified maximum limits for each activity. 
 
Provisions in the SDWA require at least 15% of the loan fund be used for the direct 
benefit of small systems.  Other provisions allow for subsidization of loans for 
economically disadvantaged communities.  A unique provision of the DWSRF requires 
that communities not receive a loan unless they can demonstrate the technical, 
managerial, and financial capacity to comply with the SDWA, or they agree to make the 
changes necessary to come into compliance.  
 
10.3.4:  DWR Water Bond 2000 – Proposition 13 
 
The Water Bond 2000 measure, Proposition 13 approved March 2000, provides loan and 
grant funding for urban and agricultural water conservation, groundwater recharge and 
storage and infrastructure rehabilitation projects or feasibility studies.  The DWR is 
developing administrative regulations, policies and applications for these new programs.  
 

� Groundwater Storage Program ($200 million): Provides money for grants to 
public agencies and mutual water companies to fund feasibility studies, project 
design or the construction of facilities for conjunctive use projects. 

 
� Interim Water Reliable Supply and Water Quality Infrastructure and Management 

Program ($180 million): Provides grants and/or loans to local agencies in the 
Delta export service areas for programs and projects designed to increase water 
supplies, enhance water supply reliability, or improve water quality. 

 
10.3.5:  Metropolitan Water District
 
MWD offers financial incentive for the development recycled water and groundwater 
recovery projects through the Local Resources Program (LRP) established in June 1998.  
New and expansion of existing water recycling and groundwater recovery projects are 
eligible for funding provided they include construction of new substantive treatment or 
distribution facilities.  MWD currently provides a financial contribution of $154 for each 
new acre-foot of water developed from local water recycling that replaces a demand on 
MWD's system.  Local agencies may receive up to a maximum of $250 per acre-foot of 
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firm yield for groundwater recovery projects that treat contaminated groundwater and 
produce clean water.   Participation in the program is through a competitive request for 
proposal (RFP) process that seeks to identify local projects that best meet the region's 
need and provide the greatest return on investment. 
 
The LRP is open to public and private water utilities within MWD's service area.  
Applications must be made through the applicant’s respective MWD member agency.  
Applicants are strongly encouraged to initiate early coordination with MWD regarding 
proposed projects.  Submittal of a LRP application does not signify or guarantee funding 
approval by Metropolitan.  
 
Prior to each fiscal year of operation, MWD will set an estimated incentive rate payment 
for deliveries during the year.  At the end of each fiscal year, MWD will conduct a 
reconciliation to determine the actual incentive rate based on actual project costs and 
production data.  At that time, over- or under-payment adjustments are made between 
MWD and the project sponsor.  The calculated incentive rate may diminish in future 
years as MWD's water rates increase and each project’s annual yield increases.  
 
MWD will meet with applicants to ensure a complete understanding of the proposed 
project’s objectives and benefits. After completion of project review and assessment, 
agreement terms negotiations, and environmental documentation, the proposed project 
would be forwarded to MWD's Board of Directors for funding consideration. 
 
10.3.6:  Revenue Bonds (1911 and 1915 Acts) 
 
Revenue bonds are used to finance capital infrastructure which is revenue producing.  
Revenue bonds are special obligations of the issuing entity with repayment solely from 
the revenues produced by the constructed infrastructure and from no other source of 
funds.  Normally, revenues derived from the constructed facilities must also be sufficient 
to cover the cost of maintaining and operating the facility.  In addition, bond covenants 
pledge that net revenues will be equal to an amount sufficient to meet all repayment and 
expense obligations plus an operating margin or coverage which typically varies from 
about 1.2 to 1.5 times the amount of the debt service.  Coverage margins typically reflect 
the source of the loan as well as the financial characteristics and credit worthiness of the 
issuing agency.  Water system facilities are typically financed with the use of revenue 
bonds in accordance with the Revenue Bond Law of 1941.  In accordance with this Act, 
an election must be held with a majority of the voters at the election approving the 
revenue bond issue. 
 
Since the passage of Proposition 13 limiting the allowable increases in annual property 
taxes, the creation of assessment districts, in existence since the early 1900s, has been a 
popular alternative method of financing public infrastructure.  Approximately one third of 
privately owned property in California is included within an assessment district.  
Assessment districts are created in accordance with either the Improvement Act of 1911 
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or the Municipal Improvement Act of 1913.  The former act can also be used to fund 
improvement maintenance.  These two acts set forth the procedures for implementing an 
improvement project and for levying the assessment to pay for such work.  Assessment 
bonds to fund capital improvements can be issued by assessment districts in accordance 
with associated assessment bond acts.  The prior referenced Improvement Act of 1911 
provides for authorization to levy assessments and issue related bonds.  However, the 
Improvement Act of 1913 has no bond procedures, but improvements can be financed 
through a subsequent bond act known as the Improvement Bond Act of 1915 (solely a 
bond act).  These acts may be utilized in various combinations.  There may be a 1911 act 
assessment with a 1911 or 1915 act bond; or a 1913 act assessment with a 1911 or 1915 
act bond.  However, there is no such thing as a 1913 act bond or a 1915 act assessment.   
 
An assessment district is created by a local sponsoring governmental agency.  Property 
owners typically initiate the assessment district creation by circulating a petition which 
must be signed by property owners representing 60% of the benefited land area.  It is 
essential that properties within the assessment district, which will bear the burden of tax 
levies to pay for the bond financings receive a direct and special benefit (as distinguished 
from general benefits obtained by the community as a whole).  Following the creation of 
the assessment district, bonds can be approved by the governing board only after the 
preparation of an Engineer’s Report and at the conclusion of a public hearing.  In 
accordance with Proposition 13, the property assessment cannot be based directly on the 
value of each property but on a mathematical formula that takes into account how much 
each property will benefit from the constructed infrastructure.  Each parcel in the 
assessment district is obligated for a fixed percentage of the total district debt and will be 
assessed each year for that portion of the annual debt service.   
 
10.3.7:  State Grants - Proposition 84 and Proposition 1E 
 
The State of California has two current grant programs available to finance water 
infrastructure.  Proposition 84 (known as the California Safe Drinking Water, Water 
Quality and Supply, Flood Control, River and Coastal Protection Bond Act) and 
Proposition 1E (Disaster Preparedness and Flood Protection Bond Act of 2006) 
authorized the Legislature to appropriate funds to help water agencies address the current 
statewide drought and provide a first step toward investing in water supply reliability 
under the provisions of Senate Bill SBx2 1.  This grant program is administered by the 
Department of Water Resources. 
 
Chapter 2 of Proposition 84 provides approximately $1.5 billion for safe drinking water 
and water quality projects of which approximately $0.5 billion has already been 
committed.  An additional $1 billion would be provided to local agencies and regional 
entities for integrated regional water management.  Integrated regional water 
management includes actions to provide long-term reliable water supplies and other 
benefits.  Based on past programs, $1 billion in state investment will leverage an 
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estimated $3 billion in local investment and provide 1 million acre-feet of new water 
supply or reduced demand each year. 
 
10.3.8:  Certificates of Participation 
 
 In lieu of funding capital improvement projects on a pay-as-you-go basis or by 
assessment proceedings, a financing vehicle referred to as Certificates of Participation 
(COP) may be utilized.  COPs were first developed in the late 1970's in response to 
Proposition 13, which limited an agency's ability to finance services and capital 
expenditures through property tax increases and general obligation debt.  Proposition 13 
prohibits agencies from incurring bonded indebtedness without voter approval.  However, 
agencies can enter into long-term lease obligations in lieu of bonded debt.  The COP 
structure is an extension of a long-term lease sold as a tax-exempt investment in the 
capital markets. 
 
Agencies typically use two types of COP structures.  The first, a COP is issued that 
directly finances certain capital improvements and a long-term lease purchase agreement 
with a nonprofit lesser is entered into.  The agreement requires the improvements to be 
leased back at an annual cost equal to the annual debt service on the COP.  Upon 
redemption of the COP, the sponsoring agencies receive title of the financed capital 
improvements.  The second alternative involves the mortgaging or refinancing of publicly 
owned land and improvements. The proceeds from the mortgage can fund projects 
including land acquisition, new facilities construction, capital improvements and 
equipment purchases.  This COP structure, known as the Asset Transfer Program (ATP), 
enables equity in existing real property to be pledged for financing new projects.  Under 
this method, an existing facility is sold to a non-profit corporation (typically comprised of 
members from the governing body) and a long-term lease purchase agreement is entered 
into at an annual cost equal to the debt service on the COP that initially financed the 
purchase of the facility.  Upon redemption of the COP, title to the refinanced facility 
reverts to the sponsoring agencies at no additional cost. 
 
The primary security for repayment of a COP is a pledge to establish rates and charges 
that will produce revenues, on an annual basis, in an amount sufficient to support the 
annual lease obligation to the non-profit corporation. 
 
The ATP can provide at least four notable advantages over more conventional forms of 
tax-exempt financing and direct COP: 
 

� By borrowing against the appreciated value of existing property and 
improvements, investors are provided with greater security, in the form of real 
property and existing improvements, as compared to a simple pledge of proposed 
capital projects. 
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� By refinancing existing facilities, the need to capitalize interest during 
construction is eliminated, thereby reducing the total size of the issue and 
substantially decreasing the overall cost of borrowing. 

� By eliminating the need for a conditional or provisional rating to be assigned, the 
marketability of the COP improves. 

� Water enterprise funds spent on capital improvements without the availability of 
ATP proceeds are invested without any arbitrage restrictions. 

 
A COP can provide a flexible, cost effective vehicle to finance capital improvements.  
The COP can finance capital programs or leverage existing facilities.  Additionally, the 
sponsoring agencies may choose to finance capital projects with a COP in lieu of 
enterprise funds, and invest a like amount of moneys without any arbitrage restrictions.  
Each of these structures can satisfy the goal of providing capital improvements at the 
lowest cost to customers. 
 
10.3.9:  Water Quality Authority 
 
The WQA has and continues to be committed to the goals set forth in the §406 Plan.  
This project falls clearly under two of the WQA’s §406 Plan goals: integrate cleanup with 
water supply, and minimize economic impact to the public.  Further study and/or 
coordination with ongoing and future efforts within the Basin may also demonstrate that 
this project affects the remaining §406 Plan goals (accelerate removal of contaminant 
mass in the basin, and prevent migration of contamination into critical groundwater 
supplies), though to a lesser extent.  As such, it is within the WQA’s interest to assist in 
acquiring adequate funding necessary for implementation. 

While the WQA recognizes that potentially responsible parties (PRPs) must fulfill their 
CERCLA liabilities, it is often a very slow process - a process that jeopardizes the time 
and cost of implementing projects.  In addition, even though USEPA has urged PRPs to 
consider affected water supplies, the CERCLA process does not allow USEPA to require 
it.   It is for these reasons that WQA is determined to aggressively seek funds from PRPs 
before, during and after project implementation, either voluntarily, through mandated 
CERCLA actions or through litigation measures.  If funds cannot be generated from 
PRPs to begin an identified early action project, WQA will work with individual 
purveyors, Watermaster and/or other local agencies to develop funding for the project 
using federal and/or state funds, WQA member agency funds, including individual 
purveyors, and only if necessary, its own assessment.  This section prioritizes each 
potential source of funding in the order of which it will be sought for a particular early 
response action. 
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Potentially Responsible Parities 

As stated previously, WQA will seek voluntary funds from those responsible for the 
contamination.  If the process of acquiring those funds is unilaterally stalemating or 
delaying the project, the WQA will move forward without this source of funds to ensure 
necessary cleanup/water supply projects are implemented.   
 
The WQA is committed to securing PRP funding for any given project by providing 
incentives for PRPs to participate financially.  In the absence of sufficient PRP funds, 
WQA and others may be required to combine their resources to fund a project.  In this 
event, WQA may choose to initiate cost recovery actions.  This was the case in the 
BPOU, in which WQA brought two separate legal actions against PRPs in the year 2000 
to recover costs incurred from the La Puente Valley County Water District (LPVCWD) 
Treatment Plant and the Big Dalton Well Treatment Facility.   
 
In 2002, WQA along with three affected purveyors jointly settled with 13 of the more 
that 60 PRPs in the South El Monte Operable Unit.  Thereafter, the water entities initiated 
litigation against the remaining PRPs in a concerted effort to recover escalating costs and 
ensuring funds for future operations of the cleanup projects built with WQA 
participation. 
 
Federal Government 
 
The WQA, with the support and assistance of other local agencies, has sought and 
continues to seek all funding that may be available for projects in the Basin.  As a result 
of those efforts, two federal programs have been authorized by Congress specifically for 
the Basin.  Both of these reimbursement programs are administered through the United 
States Bureau of Reclamation (USBR) directly to the WQA.  In February of 2001, WQA 
adopted a set of procedures called the Federal Funding Program Administration to guide 
the allocation process for both programs.  
 
Both sources of federal funding will be used to the maximum extent possible to 
accelerate cleanup and to provide incentives for PRPs to address affected water suppliers 
while implementing cleanup actions in the Basin under CERCLA. 
 
Restoration Fund (Dreier) 
 
In December of 2000, Congress authorized the San Gabriel Basin Restoration Fund.  The 
authorization of the Restoration Fund, when fully appropriated, will provide $85 million 
for groundwater cleanup of which $10 million is for use by the Central Basin Municipal 
Water District to clean up the Central Basin and $75 million is for use by the WQA to 
clean up the Main San Gabriel Basin.  To date, the Central Basin has received its full $10 
million appropriation and WQA has received $65 million of its $75 million 
appropriation.  The WQA Board has already allocated the $65 million for cleanup 
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projects based on criteria found in its Federal Funding Program Administration 
guidelines.   
 
This program requires a 35% non-federal match deposited into the Restoration Fund to 
reimburse the WQA up to a maximum of 65% from federal sources.  Non-federal funds 
are classified as funds that are not from the Department of the Interior, but rather PRP 
funds, state funds, local municipality funds, purveyor funds, WQA assessment funds or 
non-profit funds.  Funds from this program may be used for design, construction and 
operation & maintenance for up to 10 years following construction.  The Restoration 
Fund is administered via the USBR in conjunction with the WQA for use within the Main 
San Gabriel Basin.  
 
Congress acknowledged that millions of dollars had already been spent to protect the 
Main San Gabriel Basin by remediating the groundwater and preventing further 
contamination.  Due to the emergency nature of the contamination and the threat it posed 
to the local groundwater supply, Congress allowed the use of those past expenditures as a 
credit towards the 35% non-federal matching requirement under this program.  The 
USBR is responsible for approving all qualifying prior expenditures. However, the WQA, 
at its discretion, will use this credit to meet the 35% matching requirement and eliminate 
the need to deposit additional funds into the Restoration Fund. 
 
As of 2008, WQA had accumulated past cleanup cost information totaling more than $47 
million.  This amount was sufficient to meet the 35% non-federal matching requirement 
for the $75 million appropriated by Congress and deposited into the Restoration Fund.  
Based on more recent information, it is clear that additional funding will be required to 
continue the progress of ensuring that remedial activities will be combined with local 
water supply needs.  The WQA expects to receive a $4 million appropriation for Fiscal 
Year 08-09.  In 2009, the WQA will seek an additional $6 million appropriation for the 
Restoration Fund.   
 
In recognition of the cleanup progress, and the need for additional funding to meet an 
estimated $552 million funding gap, Congressman David Dreier along with his 
colleagues in the San Gabriel Congressional Delegation introduced H.R. 123 in January 
of 2007.  H.R. 123 would have raised the authorization on the Restoration Fund by $50 
million and increasing the total cap to $135 million.  However, while H.R. 123 passed the 
U.S. House of Representatives it was not heard or voted on in the U.S. Senate. 
 
In January 2009, Congressman Dreier reintroduced the H.R. 123 language as H.R. 102 in 
the new Congressional session.  In addition, Senator Harry Reid introduced S. 22 in the 
U.S. Senate and it also included the language of H.R. 102. S. 22 passed the U.S. Senate 
and are awaiting passage in the U.S. House of Representatives. 
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Title XVI 
 
In 1992, Congress authorized the San Gabriel Basin Demonstration Project to implement 
conjunctive use projects in the Main San Gabriel Basin.  By implementing cleanup 
projects that provide a reliable source of water and reduce the need for outside sources of 
water, many of the Basin’s cleanup projects are eligible for this program.   
 
This program requires a 75% match from non-federal sources to reimburse the project up 
to a maximum of 25% from federal sources.  Funds from this program may be used for 
design and construction only.  The Title XVI fund is administered via the USBR directly 
to the WQA for use within the Basin. 
 
Based on the Basin’s enormous need for funds, the WQA will continue to work to secure 
full appropriation of the remaining funds in the Title XVI authorization, and work with 
Congress to seek legislation authorizing the transfer of any unobligated funds in the Title 
XVI program to the Restoration Fund. 
 
In 2004, Congresswoman Grace Napolitano authored H.R. 1284 which was passed and 
signed into law.  The legislation raised the cap on the Title XVI program by $6.5 million.  
The total authorization for the Title XVI program is now $44.5 million. 
 
New Water Supply Coalition/Tax Credit Bond Legislation 
 
The WQA is a member of the New Water Supply Coalition. The Coalition is composed 
of water districts located from Hawaii to Florida.  The Coalition seeks to fund water 
infrastructure projects throughout the United States by using Tax Credit Bonds.  In 2007, 
the Coalition was successful in having Congressman Xavier Becerra and Congressman 
Jerry Porter introduce H.R. 3452, the Clean Renewable Water Supply Bond Act.  This 
bond act would provide a potential source of funding for the WQA’s cleanup projects and 
allow the WQA to float Tax Credit Bonds that would provide the holder of the bond with 
a tax credit to offset their tax liability.  Although the bill died in Congress, the Coalition 
expects that some form of the Clean Renewable Water Supply Bond Act language will be 
reintroduced in 2009. 
 
State Government 
 
As described in the sections above regarding the Restoration Fund and Title XVI funds, a 
non-federal match is required in order to release the federal funds.  While WQA will 
continue to work with PRPs to help meet that match, additional funds will be needed to 
release the millions of federal dollars dedicated to the Basin cleanup.  To date, the State’s 
participation in cleanup has been nominal.  The WQA will, continue to focus on securing 
bond funds through Proposition 50, the Water Security, Clean Drinking Water, Coastal 
and Beach Protection Act of 2002.  The WQA will apply for bond funds from Proposition 
50 for projects that meet the timeline and requirements of Chapter Guidelines in the 
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programs available through Cycles 2 and 3 of the program.  The WQA will also seek to 
participate in any programs it is eligible for under Proposition 84, the Safe Drinking 
Water, Water Quality and Supply, Flood Control, River and Coastal Protection Bond Act 
of 2006, as well as through the Integrated Regional Water Management Plan.   
 
To date the WQA has been precluded from participating in bond funding by the timelines 
and application guidelines developed by the state.  State bond fund regulations preclude 
the use of bond funds for operating and maintaining projects which are in reality the 
actual cleanup.  Operations and maintenance funding dollars are the primary source for 
the $552 million gap in cleanup cost.   
 
The WQA will seek to place language in any proposed State Infrastructure Bonds.  
Working with other water entities in the Basin, the WQA will lead efforts to formulate a 
comprehensive approach to water infrastructure in the Basin.  The WQA will look to any 
future proposed bond packages for much needed funding for cleanup projects in the 
Basin.   
 
The WQA will work to educate State agencies on the merits of financial participation in 
the near term and the potential impacts of lack of participation on State Agencies in the 
future.  The WQA will emphasize that stemming the flow and mitigating the spread of 
contamination will be more cost effective and have less of an impact on both the State 
and local ratepayers.   
 
The WQA has actively worked with California Environmental Protection Agency and 
other stakeholders in Sacramento to become part of the state budget.  These efforts will 
continue in the coming year and will include meeting with state stakeholders, state 
legislators and the Governor’s office.   
 
The WQA will continue to pursue legislation at the state level that would create a state 
Restoration Fund modeled after the federal Restoration Fund.  The state Restoration Fund 
will be a vehicle for the WQA to seek state funding in the future from the state budget, 
future Bond proposals and other state funding programs.   
 
The WQA is also actively involved in hosting, representing and financially supporting 
the Upper San Gabriel and Rio Hondo sub-regional areas of the Greater Los Angeles 
IRWMP. As the Vice-Chairperson of the Upper San Gabriel and Rio Hondo sub-regional 
steering committee, the WQA Executive Director provides and solicits input and 
opportunities for local stakeholders to network and develop multi-benefit projects.  This 
in turn increases the likelihood of funding from IRWMP bond funds. For example, what 
may have been a single-purpose project to increase water supply, could become a project 
that enhances nearby open space, cleans-up water supply and/or provides more water 
storage.   
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The WQA Executive Director is also a Leadership Committee member of the Greater Los 
Angeles Integrated Regional Water management Plan (IRWMP).  This committee is 
represented by two members from each of the five sub-regions in the Greater Los 
Angeles area.  The duties of this group include representation of the sub-regions to the 
full Leadership Committee and to finalize IRWMP plans and endorse/select priority 
projects that represent and benefit the needs of the entire Greater Los Angeles area. 

Water Quality Authority 
 
The WQA may impose an annual assessment for capital and operational costs not to 
exceed $10 per acre-foot.  In the past, it has been WQA’s policy to utilize assessment 
dollars to provide incentives for PRPs to move forward on a given project.  With the 
recent availability of significant federal funds, these funds will only be utilized if 
sufficient federal and/or state dollars are or will not be available in addition to PRP funds. 
If PRPs do not voluntarily provide funds to a project, then the WQA will, on a project-
by-project basis, consider the use of assessment funds to underwrite the project costs with 
or without other local dollars.  However, the WQA is committed to recovering its costs 
from non-participating PRPs at a later date, so that the cost to the local consumer will 
ultimately be minimized.  
 
The WQA Act provides that WQA may issue bonds for a term not to exceed 20 years for 
any purpose authorized by it.  Additionally, the WQA Act authorizes the State Treasurer 
to continue to collect assessments to payoff bond obligations in the event that WQA 
sunsets prior to the bonds’ maturity date.  WQA has begun exploring this option in 
addition to the other funding mechanisms available as a means to augment treatment and 
remediation costs over the next several decades. 

Water Purveyors/Cities/Member Agencies/Other Local Water Agencies 
 
As of January 2001, all potential projects requesting WQA participation must go through 
WQA’s Procedure No. 38, “WQA Project Participation”.  As part of that procedure, the 
WQA requires the impacted water purveyor to fund or secure funds other than WQA’s 
assessment representing a minimum of 25% of capital costs.  In the event projects cannot 
be otherwise fully funded using any or all of the above funding sources, WQA will work 
with an affected city, member water agency and/or other local water agencies to develop 
potential funding sources.  The WQA will pursue the recovery of these funds on behalf of 
the participating agency, if necessary. 
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10.3.10 Funding Recommendation 
 
Given the complexities of establishing the benefits to each participating agency and 
procuring a reliable source of replenishment water, development of a financing plan may 
require further study and negotiation.  WQA, through their experience in matters of 
financing groundwater cleanup in the Main San Gabriel Basin, is an excellent resource 
and should be consulted. 
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Methods of Well Rehabilitation 
 
This appendix includes a summary of strategies and techniques common to well 
rehabilitation in the region.   
 
Drilling Methods 
 
Methods typically used for drilling water wells are rotary and cable tool.  Municipal and 
irrigation wells are drilled at larger diameters than typical private wells, and such is the 
case for the wells in this study. 
 
In rotary drilling, a drill bit is attached to a length of connected drill pipe.  The drill bit is 
made of tough metals such as tungsten, and as the drill is rotated, the bit acts to grind up 
the rock.  The broken pieces, or cuttings, are flushed upward and out of the hole by 
circulating a drilling fluid (sometime called drilling mud) down through the drill pipe and 
back to the surface.  This drilling fluid also serves to cool and lubricate the drill bit, and 
by stabilizing the wall of the hole, it can prevent the possible cave in of unstable sands or 
brittle rock before the well casing or well screen is installed.  As the drill intersects water 
bearing rock formations water will flow into the hole.  Wells drilled using the rotary 
method typically feature a casing with a long screened interval and gravel pack.  Normal 
chemical and mechanical cleaning techniques may be employed to recover a rotary 
drilled well to production rates observed previously.  A decline in production may ensue 
but can typically be restored through a repeat of the cleaning process.  If well conditions 
are observed to be damaged it may be necessary to reline the well with a steel-liner and 
associated filter pack.  A video log of the well would be necessary after cleaning is 
performed to determine to the full extent of the damage. 

Another drilling technique uses a "pounder" machine, usually referred to as cable tool 
drilling.  This method is slow and in most places has been replaced by rotary drilling. 
With this method, a heavy bit is attached to the end of a wire cable and is raised and 
dropped repeatedly, pounding its way downward.  Cable tool drilling typically consists of 
pulverizing the substrate through impact of the drill head and recovering drill material 
through bailing.  Periodically, cuttings are bailed out of the hole.  The borehole is 
stabilized with a steel casing as it is advanced down hole.  Perforations are subsequently 
cut with knife perforations at select intervals.  Wells drilled by this method typically do 
not have a gravel pack which makes restoration to previous production levels difficult.  
Cable tool installations employ wire-brushing and tight fitting swab and air lifting 
methods for cleaning followed by chemical treatment but rarely recover production 
capacity to original levels. 
 



APPENDIX A – WELL REHABILITATION 
 

FEASIBILITY STUDY FOR THE MULTI-AGENCY REGIONAL GROUNDWATER RECOVERY 
PROJECT-100% DRAFT 

A - 2 

Implementation of rehabilitation procedures for an individual well should generally 
include some or all of the following steps:  
 

1. Review well specifications and as-built drawings 
2. Review historical production and annotated operation records 
3. Pull and inspect the pump  
4. Perform a video survey,  
5. Perform mechanical cleaning of the well screen,  
6. Apply the proper quantity and type of chemical treatments,  
7. Allow sufficient chemical reaction time,  
8. Remove spent chemicals from the well,  
9. Reinstall the well pump, and  
10. Conduct a performance pumping test.  

 
The subject wells shall be subjected to additional investigation to confirm their suitability 
for return to service.  Additional work would include contracting a well drilling company 
to clean and video log the well casing.  If the video confirms the casing and perforations 
are in suitable condition, additional well work including rehabilitation and test pumping 
is recommended.  If additional work confirms that the wells can be rehabilitated, then 
they can be equipped with a new pump and motor and placed in service. 
 
Indications for Rehabilitation 
 
Once a problem has been identified, the potential sources of the problem should be 
evaluated.  The operation history of the well should be reviewed along with the results of 
any previous treatment efforts.  The existing data may need to be supplemented by 
conducting performance tests to determine the current condition of the well and pump.  If 
it is necessary to remove the well pump, a down hole video survey should also be 
performed.  A proper treatment procedure should then be developed to address the 
specific well problems.  
 
Typical indications for well rehabilitation include incrustation, biofouling, physical 
plugging of the formation or screen, and corrosion.  
 
Incrustation, or scale, is caused by the settling out of dissolved minerals and their 
compounds from the groundwater.  The settling out is accelerated by the turbulence and 
high velocity of the groundwater as it enters the vicinity of the well during pumping.  
Incrustation can take several forms.  It may form a hard, brittle, cement-like deposit or a 
soft, paste-like sludge.  Incrustation is often found together with biofouling.  
 
Biofouling is the clogging of a water well by communities of natural organisms which 
create slime deposits in and around the well.  These slime deposits are the result of the 
accumulation of living and dead bacteria (sheaths, stalks, secretions and other leavings) 
and their reactions with dissolved minerals in the well water.  In addition to health related 
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problems, bacteria and other microorganisms may affect water quality and contribute to 
clogging, corrosion and changes in water treatment performance.  Biofouling generally 
causes side effects such as intermittent sulfide odor, breakthroughs of red water, and 
pitting-type corrosion of iron and steel.  Factors that cause biofouling may include 
inappropriate design, material, construction, water treatment or use patterns.  Long 
periods of non-use allow biofouling growths to build up as may be the case for the wells 
involved in this study given the duration of their inactivity. 
 
Physical plugging of the formation or screen results in some loss in specific capacity over 
time due to the slow movement of fine particles in the near-well area where they hinder 
water flow into the well.  The accumulation of fine creates turbulence in the near-well 
area increasing sand pumping.  Sand pumping in screen wells can erode the screen to the 
point where replacement of other action needs to be taken. 
Corrosion may take one or more of the following forms: 
 

� Failure of the well casing in the form of holes allowing fines to enter the well 
resulting in sand pumping. 

� Deposition of the products of corrosion which reduce flow and yield. 
� Inflow of low quality water through holes caused by casing corrosion. 
� Complete failure due to reduction in the strength of the casing or well screen. 

 
Chemical Rehabilitation 
 
Chemicals are used in water well rehabilitation to remove products that are blocking or 
plugging the well environment.  Well blockage or slowdown can be caused by mineral 
buildup on screens or in-flow spaces of the gravel pack or formation, or biological build-
up on these same surfaces.  Most often, a combination of chemicals is used for the 
rehabilitation of the well.  Following are some of the general classes of chemicals and a 
few examples of each. 
 
Mineral Acids 
 
Mineral acids are used to dissolve mineral precipitates like calcium carbonate and sulfate, 
magnesium hydroxide, iron and manganese oxide, phosphates, silicates, and mixtures of 
all of these.  Carbonates are the most easily dissolved with the resulting release of carbon 
dioxide.  An example would be the action of hydrochloric acid on calcite (calcium 
carbonate).  
 
In this reaction, the acid HCl breaks apart the calcite, (CaCO3) into the salt (CaCl2) and 
carbonic acid (H2CO3) which further breaks down into water (HOH) and carbon dioxide 
(CO2), which bubbles off.  This type of reaction is carried out by most mineral acids 
against carbonate deposits and accounts for the rapid evolution of gas during cleaning of 
wells with this type of deposit.  While the CO2 gases pushing from the well can cause 
dangerous expulsion of cleaning chemicals, the evolution of gas at the deposit level often 
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results in break-up of the hard scale, and leads to better dissolution of combined deposits 
not as easily attacked by the acid.  
 
In the above reaction, part of the carbonate molecule is removed from the reaction by the 
CO2 evolution.  However, in the dissolving of gypsum, calcium sulfate and most other 
mineral deposits, the accumulation of byproducts occurs in the cleaning solution.  
 
The byproducts of the dissolving reactions remain in the cleaning mixture and result in 
the accumulation of high concentrations of dissolved products.  This congested or 
crowded environment can prevent the complete dissolution of the mineral deposits.  It is 
because of this crowding principal that proper choice of both the acid and the 
concentration used is necessary for a good rehabilitation job.  
 
The principal of crowding further explains why some acids are not good choices if certain 
types of mineral deposits are suspected.  In general, two factors are important - one, the 
total concentration of dissolved solids, and the other, the concentration of any specific 
dissolved solids.  
 
Excessive concentration of dissolved solids can be caused by choosing too high a 
concentration of acid, or by having too much deposit to dissolve (a factor that cannot be 
controlled).  An excessive level of acid adds to the total dissolved solids, limiting the 
amount of mineral deposit that can be dissolved. Total dissolved solids are controlled by 
using a more dilute concentration.  By staging two cleaning procedures, the deposits to be 
dissolved can be controlled.  Divide the cleaning chemistry using the first batch to 
dissolve part of the mineralization, pump it from the well and use the second batch to 
dissolve the remaining blockage.  In each situation, the total dissolved solids 
concentration will be lower than it would be if all the cleaner had been used in one 
application.  
 
The most common and useful mineral acids used in water well rehabilitation are 
hydrochloric, muriatic, phosphoric and sulfamic.  Muriatic acid is an industrial name for 
hydrochloric and usually designates a concentration of approximately 18 percent. 
 
Hydrochloric Acid (HCl) - Hydrochloric is available commercially in concentrations of 
31 percent and the highest at approximately 38 percent.  This acid is very effective 
against many mineral deposits, is very inexpensive and readily available.  The purity 
should always be questioned and a certificate of analysis secured before the acid is used 
in a potable water well or any well where contamination of an aquifer is a possibility.  
Hydrochloric acid is very corrosive to most metals and particularly corrosive to stainless 
steel because of its chloride content.  The vapor given off from the acid, hydrogen 
chloride, it also is very corrosive.  Because hydrogen chloride gas is heavy, it will settle 
into lower areas.  Therefore, work with hydrochloric should only be done in very open 
spaces.  
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Phosphoric Acid (H3PO4) - This acid usually is available in food grade and NSF-
certified quality.  The two most common concentrations are 75 percent and 85 percent.  It 
does not give off harmful vapors; however, sprays or mists of the acid would be acidic 
and dangerous.  It is far less corrosive to metal than hydrochloric and can lead to some 
passivation of the metal with the proper chemistry.  It is a slower reacting acid than 
hydrochloric and is very effective against iron and manganese compounds because of its 
ability to sequester these metals.  However, it has less ability to dissolve phosphate 
because of the similar ion concentration.  Its sequestering ability also leads to a greater 
ability against large concentrations of calcium and magnesium minerals.  
 
Sulfamic Acid (H2NSO3H) - Sulfamic acid, also called amidosulfonic, is moderately 
soluble in water, being less soluble in warmer water.  It is a strong acid and reacts very 
quickly against carbonates.  However, the sulfamate ion produced by the acid hydrolyzes 
over time to a sulfate, rendering this acid almost ineffective against gypsum or other 
sulfate deposits.  The acid should be dissolved in water prior to addition to the well as it 
requires good mechanical mixing to be put into solution.  Powdered acid added directly 
to the well can remain in the bottom of a well for long periods of time before it is fully 
dissolved.  Usually, the acid is reserved for smaller systems since large wells would 
require considerable acid and handling large amounts of dry acid presents logistical 
issues. 
 
Organic Acids 
 
Generally, those organic acids that are characterized by the presence in the molecule of a 
carboxyl group (COOH) are useful in well cleaning.  The acids of this group most often 
used in well rehabilitation are acetic, citric, hydroxyacetic and oxalic.  
 
Acetic Acid (CH3 COOH) - Generally supplied as glacial, acetic acid is an excellent 
solvent for many organics, phosphates and some sulfate compounds.  It should not be 
used on wood-cased wells, as it delignifies the wood fiber.  It may be used at low levels 
of 3 percent to 5 percent to improve removal of organic contaminates or to enhance 
phosphate removal.  Glacial acetic is very corrosive to the skin and produces a pungent 
vapor that can cause mild to severe lung damage.  The empirical formula is C2H4O2 and it 
is a mono carboxylic acid.  In its more mild form, it is known as vinegar, but in higher 
concentrations, it should be treated as a strong, dangerous acid.  
 
Hydroxyacetic Acid (HO) CH2 (COOH) - Also known as glycolic acid, it is sold as a 
70 percent solution.  It is a mono carboxylic acid with one hydroxyl group.  Up to a few 
years ago, it was registered as a biocide, proven effective against microorganisms. 
Hydroxyacetic acid's formula is C2H4O3.  It is a weak acid, considered a mild irritant to 
skin or mucous membranes.  It's excellent as a buffering acid for the control of pH during 
chlorination.  Generally, it is used with mineral acid to improve iron solubility at a 2-
percent to 5-percent concentration in the total well volume.  
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Citric Acid (HO) C-(CH2)2-(COOH)3 - This is a crystalline powder sold as 100 percent 
acid.  It has three carboxyl groups that may be responsible for its effect on phosphate 
solubility.  It is very soluble in hydrochloric acid and can be used with this acid to 
improve solubility of phosphates and iron deposits.  Solutions of citric acid will support 
bacterial growth.  In general, the acid is weak and should always be used with a stronger 
mineral acid.  It is usually used at 5-percent to 10-percent concentrations of the well 
volume.  
 
Oxalic Acid (COOH)2 - Oxalic acid is a strong, reducing acid, and as such, is excellent 
against oxide of iron and manganese.  The acid is a granular product sold at 
approximately 99 percent active ingredients in 50-pound bags.  It is corrosive to the skin, 
and salts of this acid are poisonous.  Exceptional care must be taken to remove all traces 
of the acid from the well system.  Oxalic is a carboxylated acid with two carboxyl groups.  
It is more soluble in warmer water.  Its use rate is between 5 percent and 10 percent by 
weight in the well volume. 
 
Caustic Products 
 
Alkalies or caustics occasionally are used in water well cleaning as the base chemistry to 
remove oil contamination and heavy biological fouling.  Caustics will have no effect on 
mineral deposits, and they could create considerable precipitation if dispersants or 
specific polymer chemistry is not employed to prevent crystallization, agglomeration and 
deposition.  Caustics usually used for this purpose are sodium hydroxide and potassium 
hydroxide.  Alkaline products also are used to neutralize acid cleaners before disposal, 
following well pump out of the acid cleaning solution.  The products usually used for this 
reaction are lime, soda ash and magnesium hydroxide. 
 
Sodium Hydroxide (NaOH) - This product is known commercially as caustic soda and 
is available as a 50-percent solution.  It also is sold as a 100 percent active pellet, but it is 
considerably easier to use the solution as dissolving of the pellets cause a severe 
exothermic reaction which can be extremely unsafe.  The solution also will produce 
considerable heat when being diluted.  As with strong acids, always add the concentrate 
to the water and not water to the product being diluted.  Sodium hydroxide (NaOH) will 
provide an extremely high pH (12 to 14) even at low concentrations.  The usual dosage 
for most caustics is a 3-percent solution in the total well volume. While sodium 
hydroxide usually is used more as a cleaner, it could be used to neutralize used acid.  
However, never add the concentrated material directly to a strong acid solution.  Dilute 
the caustic to a maximum 10 percent concentration before using for neutralization.  
 
Potassium Hydroxide (KOH) - Known commercially as caustic potash, it is available in 
both a pellet and a 45-percent solution.  The solution is by far the easier product to use.  
The pellets produce considerable heat when diluted with water.  Since the 45-percent 
solution also produces heat, it, too, should be handled with care.  Potassium hydroxide 
has some advantages over sodium hydroxide because of its solubility and also because it 



APPENDIX A – WELL REHABILITATION 
 

FEASIBILITY STUDY FOR THE MULTI-AGENCY REGIONAL GROUNDWATER RECOVERY 
PROJECT-100% DRAFT 

A - 7 

is less corrosive to the metal structure of the well.  It is used at approximately 3 percent 
of the total well volume as a cleaning solution and can be used as an acid-neutralizing 
agent.  However, the same precautions as described for sodium hydroxide apply.  
 
Calcium Oxide or Lime (CaO) - This product is available in powder or granular form 
and is used primarily to neutralize acid cleaning solutions following pump out of the 
well.  Often, it is mixed directly into the acid solution if the spent solution is in a holding 
tank, or the lime is placed in a trough that provides for neutralization as the acid solution 
is pumped to disposal.  The greatest danger in the use of lime is the heat produced if the 
product is dissolved in water, and the fine dust that is extremely corrosive to eyes and 
mucous membranes.  
 
Soda Ash (Na2 CO3) - This product is 99 percent sodium carbonate granular and is used 
primarily to neutralize discharged acid following well cleaning.  It is available in 50-
pound and 100-pound bags.  Because it is a carbonate, considerable carbon dioxide will 
be liberated as the acid is neutralized.  Care should be taken so this release does not cause 
splashing or the dispersal of the cleaning solution, causing a safety concern.  
 
Magnesium Hydroxide (Mg (OH)2) - Magnesia, as the powder is often called, is 
commercially available in a 50-percent slurry and is an excellent product for the 
neutralization of acids used in well cleaning.  The product imparts only a slight alkaline 
reaction to the water, so overuse will not produce a pH higher than 9.5.  This is very 
important where discharge is being monitored for high pH release.  
 
Mechanical Rehabilitation 
 
Airlifting 
 
Airlifting technology is a process that stimulates selected zones within the water –bearing 
formation with high pressure air or inert gas that generates high-energy pressure pulses in 
the well.  This energy generates acoustic waves that breaks up and removes mineral 
scales, silts, sedimentation and bio-films from the borehole wall or well screen.  An air 
bubble is generated that expands and collapses inside the well with the energy being 
released at 0.015 seconds after firing.  This provides an intense surging action that 
generates a mechanical cleaning of the well as the bubble expands and collapses.  As the 
bubble collapse, it creates a negative pressure zone in the well that pulls in mineral and 
biological debris dislodged during the process for easy removal with a bailer.  Different 
styles of bailers are used to remove material and water from the well. A "sand pump 
bailer" has a plunger inside a pipe with a one way valve on the bottom.  When the 
plunger is lifted quickly it creates a vacuum that sucks the material off the bottom of the 
well and into the bailer.  A "dart valve" bailer is used to remove large amounts of water 
quickly.  Airlifting can be utilized in conjunction with chemical rehabilitation that is 
specifically targeted to treat well’s condition.  The mechanical surging action pushes 
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chemistry further out into the borehole and adjacent formation for a more thorough 
cleaning. 
 
Scrubbing and Surging 
 
The special brush connected to the bottom of the drill stem and is set in the up and down 
motion of the cable tool.  This mechanical scrubbing breaks loose built up material and 
breaks the barrier of slime forming bacteria.  The close tolerance of the brush to the wall 
of the casing makes a tight fit that forces the water back and forth through the 
perforations or screen.  This brushing and surging knocks loose the built up material and 
drops it to the bottom of the well where it can be bailed out. 
 
Relining 
 
In the event that the well casing is impaired due to corrosion or sanding, a complete or 
partial relining of the casing may be required to restore production.   
 
Complete Relining 
 
A relined well consists of an inner casing that extends from ground level to the bottom of 
the existing well casing.  Various materials such as mild steel, copper-bearing steel, high-
strength low alloy steel, and stainless steel are suitable for liners, depending upon the 
parameters of strength and durability that are required for specific installation.  Generally, 
the outside diameter of the liner is on the order of 3 to 4 inches smaller than the inside 
diameter of the existing casing.  Due to the smaller inner diameter of the liner, a new 
pump may be needed to meet the new physical and hydraulic conditions of the well. 
 
A typical complete liner includes a section of blank casing that is connected to one or 
more sections of louvered screen or continuous wire-wrapped screen.  Often, the annular 
space between the liner and outer casing/screen is filled with select gravel.  If a gravel 
pack is installed in the annular space, the apertures of the inner well screen are sized to 
retain 100 percent of the gravel pack material. 
 
Partial Liners 
 
A partial liner is a section of casing that is secured in place within the well by various 
methods. Two types of commonly-used partial liners are swaged liners and drop-off 
liners. 
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Swaged Liner 
 
A swaged liner is a short section of casing and/or screen that essentially functions as a 
patch.  This type of liner is installed typically with either an electric or hydraulic swage.  
Electric swages are used to install corrugated steel or other thin-walled steel liners, 
whereas annealed steel liners are installed with a hydraulic swage.  The installation 
procedure consists of the following steps: 

the swage and liner are lowered into position at the appropriate depth 
� the swage is activated, enlarging within the casing and forcibly shaping and 

affixing the liner to the interior of the casing 
� the swage is then removed from the well 

 
Drop-Off Liner 
 
A drop-off liner typically consists of a length of either louvered or wire-wrapped screen 
that is installed at the bottom of the well.  The liner is attached to a tool on the end of a 
string of drill pipe.  After the liner is in place, the attachment between the liner and drill 
pipe is uncoupled, leaving the liner behind. The annular space between the drop-off liner 
and casing/screen can be filled with selected gravel.  The liner installation may be 
completed by grouting around the top of the liner through a temporary tremie pipe.
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Executive Summary 
ES.1 Introduction 
Spreading of local surface water is a key component of groundwater resources in the 
Six Basins Area; however, it is highly dependent on local precipitation and runoff 
patterns.  During periods of high precipitation, significant amounts of local surface 
water have been spread which have resulted in water level increases throughout the 
study area; conversely, significant declines in water levels are experienced during 
average to below average precipitation years. 

Historically, periods of high precipitation and local surface water spreading have 
resulted in groundwater rising to the surface at various locations in the Six Basins Area.  
The occurrence of rising water in the area has been an issue that local residents in the 
Pomona-Claremont area have periodically been concerned with for a long time.  Rising 
water has been documented as occurring in the late 1880’s during occasional wet 
periods and throughout the 1900’s including the recent 2004-05 period of high rainfall. 

Three Valleys Municipal Water District (TVMWD) would like to spread imported 
water in the lower portion of the San Antonio Spreading Grounds (SASG) to augment 
water levels in the study area; however, spreading of imported water could result in 
larger amounts of rising water during wet periods if the basin is not properly 
managed.  TVMWD is in the process of designing the associated transmission 
pipelines and pertinent facilities from the existing connection at the Miramar water 
treatment plant to deliver imported water to the spreading grounds.  The spreading of 
imported water would expand the conjunctive management of the Six Basins Area by 
spreading imported water in the SASG, and strategically pumping the basin to both 
withdraw the stored water and reduce or eliminate the occurrence of rising water in 
some portions of the Six Basins Area. 

Objective of the Study 
The objective of this study is to evaluate different basin management scenarios that 
consider approaches to further control rising water as well as different levels of 
imported water spreading.  The study defines the basin operating parameters and 
identifies the necessary facilities to reduce or eliminate the occurrence of rising water 
and recover the stored water throughout the Six Basins Area.  The study focuses on 
the construction of extraction wells at key locations that could be operated as normal 
supply wells for either local producers or exported to other purveyors in the area 
during most years with the provision of increasing production when water levels at 
certain indicator wells reach specific target levels. 



Executive Summary 

A  ES-2 

Study Approach 
The study evaluates four different scenarios and compares them against a Baseline 
condition.  The first scenario identifies the necessary changes in operations of existing 
facilities to minimize rising water conditions resulting from spreading of local surface 
water only.  Imported water spreading is not considered under this scenario.  The 
remaining three scenarios simulate three different levels of imported water spreading 
and identify the facilities required to mitigate the occurrence of rising water and 
recover the stored water.  The Imported Water Scenarios are then compared against 
the No Imported Water Scenario to document the relative changes in operations in the 
groundwater basin resulting from different levels of imported water spreading.  All 
scenarios are also compared based on economic, environmental, institutional, and 
legal considerations.  The knowledge gained from the evaluation of the scenarios is 
used to develop an recommended plan to spread imported water in the Six Basins 
Area. 

Availability of Groundwater in the Six Basins Area 
The long-term safe yield of 
the Six Basins Area was 
established in the Judgment at 
19,300 ac-ft per year; however, 
in 6 out of 7 years since 1999 
when the basins were 
adjudicated, local producers 
have not been able to produce 
enough groundwater due to 
declining water levels or 
water quality limitations as 
illustrated in the figure to the 
left.  It was not until 2005, a 
year of near record high 
rainfall and surface water 
spreading that producers 

were able to pump more than the operating safe yield of the Six Basins.  In 2005, 
significant amounts of surface water were spread at the San Antonio and Thompson 
Creeks spreading grounds; as a result, water levels rose significantly in the area.  To 
minimize the potential for rising water, the Watermaster declared a 6,000 ac-ft surplus 
to augment the production rights of individual parties. 

Two of the main reasons groundwater production fluctuates so significantly in the Six 
Basins Area are the relative storage capacity of the basins and the high variations in 
local precipitation and surface water available for groundwater recharge.  Spreading 
of imported water would help attenuate water levels in the study area during periods 
of declining water levels.  In addition, spreading of imported water would shave the 
peak demand for imported water deliveries for direct use thereby increasing the 
overall reliability of supply sources to the study area. 
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Occurrence of Rising Water in the Study Area 
A number of cienega areas have historically produced rising water in the cities of 
Claremont and Pomona.  Rising water has been a problem in the study area since the 
late 1800’s.  Rising water has been documented as occurring in different portions of 
the Six Basins Area in the 1940-41, 1968-69, 1977-80, and 1983-84 periods and as 
recently as the 2005 winter when near record precipitation and spreading of runoff 
resulted in high groundwater levels. 

A number of previous studies have identified six main areas of concern in the Six 
Basins Groundwater Management Area; these studies are identified in Section 2.  A 
brief description of each area and the relationship between rising water and water 
levels at selected local wells is presented also in Section 2. 

ES.2 Six Basins Area Hydraulic Model 
The Six Basins Area hydraulic groundwater model represents the inflow, storage, 
movement and discharge of groundwater.  The model was developed as a tool to help 
PVPA manage spreading operations to control high groundwater conditions in the 
Upper Claremont Heights and Pomona Basins, and to evaluate alternative 
management scenarios such as enhanced groundwater spreading and increased 
groundwater pumping in localized areas. 

The model was documented in the Six Basin Management Area Groundwater Model 
Update report (CDM 1999) and Assessment of Current Spreading Operations and 
Development of Spreading Operating Parameters Study (CDM, 2002).  Subsequent 
updates are described in Section 2.4 in this report. 

Use of the Model 
With calibration and extension of its simulation period, the current groundwater 
model has become a valuable tool in assessing basin management practices.  To aid in 
evaluating various operational conditions, a series of simulations can be run and the 
results compared. 

With the model calibrated, it can be applied to evaluate relative impacts to the Six 
Basins Area caused by changes in operational procedures.  Some of the operations 
that can be tested are the implications of increased production and/or applied 
spreading.  In addition, various actions for controlling and/or preventing rising water 
and recharging and recovering imported water can be simulated.  These actions 
include: 

 Changes to production patterns at existing wells 

 Addition of new production wells 

 Changes to spreading of natural (winter) recharge at SASG 

 Spreading of imported water at SASG and recovery of the water through 
increased pumping. 
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To assess the specific impacts of these types of changes for the alternative scenarios 
evaluated under this study, a trial-and-error process of varying model input 
parameters was undertaken.  For example, various combinations of production rates 
and spreading rates were simulated.  The results of these simulations were directly 
compared to each other to judge relative benefits and disadvantages.  The practicality 
of a given scenario was assessed based on hydraulic impacts and the 
practical/operational changes that the scenario would require. 

To assess various operational scenarios, a common Baseline Scenario was developed 
to serve as the benchmark for comparison. 

ES.3 Baseline Scenario Evaluation 
Mass balance results from the Baseline Scenario were summarized as a hypothetical 
45-year simulation period based on a 45-year set of natural hydrologic conditions and 
into individual annual averages.  Table 2-3 shows the annual mass balance results of 
the Baseline Scenario simulation.  A description of each of the components listed in 
the table is presented below. 

Areal and Boundary Recharge.  The average areal and boundary recharge in the 
Baseline Scenario is simulated to be 14,563 ac-ft per year.  This value represents 
groundwater recharge from precipitation within the basins, recharge at the edge of 
the basin (i.e. “mountain front” recharge), and urban return flow. 

Applied Spreading.  The average “natural” spreading at SASG is simulated at 6,061 
ac-ft per year.  Annual average values range from years with no applied spreading to 
over 31,000 ac-ft per year and reflect historical spreading between 1960 and 2005. 

Production.  Modeling results indicate variations in production rates over the 45-
year study period from just under 14,500 ac-ft per year to a high of over 25,000 ac-ft 
per year with an overall average of 19,236 ac-ft per year.  Variations in production are 
controlled in the model by water levels at the Monitoring Well No. 2 above the Indian 
Hill Fault and at the Berkeley Well below the fault. 

Rising Water.  North of the Indian Hill Fault, the Baseline Scenario yields five rising 
water periods with durations of 1 to 2 years.  The volume of rising water during these 
events ranges from 2 to 231 ac-ft per year.  Rising water in the Pomona Basin was not 
reported under the Baseline Scenario as water levels did not reach the ground surface. 
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Flow into Chino Basin.  These values represent flow over and through the San Jose 
Fault into the Chino Basin.  Outflows to the Chino Basin are relatively constant and 
range from approximately 1,060 ac-ft per year to 1,890 ac-ft per year with an average 
of 1,420 ac-ft per year. 

Change in Basin Storage.  Over the entire 45 year simulation, the average change 
in storage is a net decrease of 46 ac-ft per year in storage. 

ES.4 No Imported Water Spreading Scenario 
The purpose of this scenario is to identify the operational changes in the Six Basins 
Area to reduce or eliminate the occurrence of rising water given the historical 
spreading pattern.  Under this scenario, a number of existing wells above the Indian 
Hill Fault have been identified as wells that could be used to increase production to 
reduce or eliminate the potential for rising water in the historical high rising water 
areas along Padua Avenue and at Greensboro Court in the Claremont Basins 
including: 

To reduce the potential for rising water in the Martin Cienega in the northern portion 
of the Pomona Basin, the existing Berkeley Well and Harrison Home No. 2 have been 
identified as two wells whose production could be increased to lower water levels in 
the area. 

The following operational parameters were identified to reduce the occurrence of 
rising water in the historical areas. 

 Begin increasing groundwater production at the six UCHB wells listed above 
when water level elevation at MW-2 reach 1,300 ft.  Further increase 
production as water level elevation continues to increase up to 1,350 ft.  At 
1,350 ft elevation, pump the maximum possible from the identified wells. 

 Increase production at the Berkeley and Harrison Home No. 2 in the Pomona 
Basin to the maximum possible if water levels at Berkeley No. 2 exceed 1,150 
ft in elevation. 

 Stop spreading of local surface water at the San Antonio Spreading Grounds 
when water level elevation at the MW-2 reach 1,375 ft. 

 Maintain production at a rate of 1,000 ac-ft per year over current production 
amounts in the southwestern portion of the Pomona Basin. 

 West End No. 3  Mountain View No. 1 
 West End No. 4  Mountain View No. 4 
 Marlboro No. 1  Tunnel Wells 
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Groundwater Basin Response 
Rising Water. Modeling results indicate that the localize increase in pumping at the 
historical rising water areas is effective in reducing rising water as the volume of 
rising water under the No Imported Water Scenario would be substantially less than 
under Baseline conditions.  Annual rising water amounts are depicted in Figure 4-1. 

Applied Spreading. Spreading of local surface water is on the average 147 ac-ft per 
year lower than in the Baseline Scenario.  Most of this reduction occurs in years 
following significantly above average spreading.  Spreading in these years result in 
water levels at MW-2 above the 1,375 ft elevation, at which level spreading is assumed 
to stop. 

Groundwater Production. There is virtually no change in production (19,236 ac-ft to 
19,233 ac-ft per year) under this scenario when compare to the Baseline Scenario. 

Capital Cost Requirements 
Under this Scenario, there would be no new facilities constructed as additional 
production at localized areas would take place using existing facilities.  Therefore, 
there is no new capital cost between this scenario compared to Baseline conditions. 

Operational Cost 
The average production cost for this No Imported Water Scenario was calculated at 
$69.00 per ac-ft.  This figure is virtually identical to the value calculated for the 
Baseline condition as water levels are very similar. 

Summary of Environmental Impacts 
Because there are no new facilities proposed, and only limited modifications to 
existing pumping patterns, no potentially significant environmental impacts are 
anticipated. 

Institutional Issues 
The plan envisions that water would be produced and utilized locally by the 
individual water purveyors; therefore, no new or significantly different institutional 
arrangements would be needed to allow the additional production.  The primary 
concern for this Scenario is the mechanism under which the local purveyors would be 
encouraged or directed to increase pumping in those selected locations during the 
periods when such production is desired. 
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Legal/Judgment Considerations 
The simplest approach to encouraging additional production from targeted areas to 
control rising water without penalizing those purveyors who would be asked to 
produce additional water is for Watermaster to declare a Temporary Surplus of 
groundwater to be available for production under Section VI.B. 12 of the Judgment.  
While this condition does not compel the key purveyors to maximize production in 
the selected areas, it was generally effective in assisting with encouraging additional 
production and lowering water levels over the past year. 

ES.5 Spreading of Imported Water Scenarios 
Three different levels of imported water were considered and evaluated as part of this 
study. 

Low Use of Imported Water Spreading.  This scenario considers the annual 
spreading of 5,000 ac-ft of imported water in addition to the normal spreading of local 
surface water simulated under Baseline Conditions.  Spreading of imported water is 
fixed at 5,000 ac-ft per year under this scenario.  This scenario was conducted to 
simulate the anticipated level of spreading that TVMWD is currently considered and 
described in the San Antonio Spreading Grounds Conjunctive Use Project. 

Moderate Use of Imported Water Spreading.  The amount of imported water 
spread varies from year to year depending on water levels at MW-2.  Under this 
scenario a long term average of 7,875 ac-ft per year of imported water were spread at 
the SASG.  Annual spreading of imported water ranges from less than 1,000 ac-ft 
when water levels are high and as much as 12,000 ac-ft when water levels are low. 

High Use of Imported Water Spreading.  Similar to the Moderate Use Scenario, 
annual spreading of imported water at the SASG varies and is based on water levels 
at MW-2.  Under this scenario an average of 11,565 ac-ft of imported water are spread 
every year with a maximum of 15,000 ac-ft in any given year. 

Facility Requirements 
The facility requirements to accommodate imported water recharge while still being 
able to reduce or eliminate the potential for rising water conditions in the Six Basins 
Area is basically the same for all scenarios.  However, the scenarios differ on a) how 
the facilities are used to recover stored imported water and mitigate rising water and 
b) in the different basin operating parameters for pumping and spreading as 
described under Section 3.2.2. 

To recover stored water and reduce or eliminate the potential for rising water in the 
Six Basins Area, three areas of extraction have been identified as illustrated in 
Figure ES-1.  Area 1 is identified as the area directly south of the SASG.  In this area, 
the need for six new pumping wells in an east-west line along or north of Baseline 
Road has been identified.  Additional facilities in this area include the construction of 
a 30 inch diameter line to tie the WFA’s Benson Feeder and the Miramar pipeline. 
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Area 2 is defined as the vicinity of the Martin Cienega.  To recover stored water and 
reduce or eliminate the potential for rising water in that area the need for three 
additional wells has been identified.  Additional facilities to convey the extracted 
water to the Miramar Pipeline have also been identified for this area. 

Area 3 is defined as the southern portion of the Pomona Basin in the vicinity of the 
Los Angeles County Fairgrounds.  Three extraction wells and a transmission facility 
have been identified to convey production into the Pomona-Rowland-Walnut 
Pipeline. 

Details of the use and operations of these facilities are presented in Section 3. 

Basin Operating Parameters 
A number of operational changes to basin operations were investigated to spread 
imported water in the SASG, recover stored water, and reduce or eliminate rising 
water from the three areas identified in Figure ES-1. 

Basin operating parameters defined the amounts of imported water spreading based 
on water levels at MW-2.  In addition, groundwater extractions from the proposed 
wells in the three identified areas were linked to water levels at MW-2 for those above 
the Indian Hill Fault and to the Berkeley Well for those wells below the fault.  Details 
of the basin operations are presented in Section 3. 

ES.6 Comparison of Basin Management Scenarios 
The Basin Management Scenarios were compared against each other on the basis of 
the following factors: 

 Basin Response including: a) control of rising water, b) average spreading, c) 
average production, and d) other long term changes including basin storage, 
losses to Chino Basin across the San Jose Fault, and subsurface losses in the 
southern portion of the Pomona Basin. 

 Economics including: a) capital cost investments in new infrastructure, b) 
Operation cost, and c) maintenance costs. 

 Environmental impacts related to facilities construction and operation. 

 Relative differences in institutional ability or constraints to implement the 
proposed facilities and operations. 

 Relative differences in legal challenges or constraints to implementing each of 
the scenarios. 
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Groundwater Basin Response 
Under the three imported water scenarios, different levels of imported water were 
spread at the SASG.  Table ES-1 summarizes the basin response for each of these 
scenarios and compares them against the No Imported Water Scenario.  Details are 
provided in Section 4.  Annual spreading, pumping, rising water, subsurface flows, 
flows into the Chino Basin and changes in storage are summarized in these tables. In 
general, the following conclusions can be drawn from the analysis: 

Rising Water.  The use of the recommended extraction facilities, coupled with the 
water level triggers established for spreading and pumping, result in rising water 
volumes similar to those observed under the No Imported Water Spreading Scenario 
and lower than in the  Baseline conditions.  In addition, the magnitude of individual 
raising water events in any given year is virtually the same for all three Imported 
Water Scenarios. 

Applied Spreading.  Spreading of imported water varies significantly between the 
Imported Water Scenarios based on the target level and actual groundwater 
conditions which are a function of local hydrology.  It averages 5,016 ac-ft per year 
under the Low Use Scenario, 7,875 ac-ft for the Moderate Use Scenario, and 11,565 ac-
ft per year for the High Use Scenario.  Annual spreading remains constant under the 
Low Use Scenario, but varies significantly for the other two scenarios.  Figure ES-2 
illustrates annual spreading of imported water under each scenario.  Details are 
presented in Section 4. 

Groundwater Production.  As planned, overall groundwater production from the 
Six Basins Area is significantly higher than under the No Imported Water Scenario 
and in annual volumes proportional to the amount of imported water spread.  Figure 
ES-3 illustrates the annual production under each scenario.  Details for individual 
scenarios are presented in Section 4. 

However, to fully assess the impact of imported water spreading on production, 
scenarios must be compared while taking into consideration the differences in basin 
storage.  Table ES-2 illustrates this comparison.  Production amount under the 
Moderate and High Use scenarios are slightly lower than the total amount of 
imported water spread.  This results from slightly increased losses from the modeled 
area in the form of sub-surface losses in the Ganesha Basin, the Southern portion of 
the Pomona Basin, and across the San Jose Fault to the Chino Basin.  These changes 
are detailed in Section 4.
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Table ES-1 
Summary of Basin Response for All Scenarios 
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Figure ES-2
Annual Spreading of Imported Water - Low, Moderate, and High Use Scenarios

Figure ES-3
Total Production - All Scenarios
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Economic Analysis 
The economic comparison between the imported water scenarios was based on the 
average cost per ac-ft of additional production when compared to the No Imported 
Water Scenario.  To calculate this cost the following parameters were considered: 

 Capital Cost.  Capital cost is the same for all three scenarios at 32.5 million 
dollars as presented in Table 4-7.  Estimated costs are based on actual 
construction cost for similar projects and included a 25 percent contingency to 
cover miscellaneous cost and unknown conditions. 

 Capital Amortization.  Amortization is based on a 30 year municipal bond at 
six percent interest.  It is assumed that 50 percent of the total cost would be 
financed from Federal Funds with a matching participation by local agencies. 

 Cost of Imported Water.  This cost is based on purchasing replenishment 
water from MWD at $238 per ac-ft. 

 Pumping Energy Cost.  The average water level for all the wells over the 45-
year modeling period is used to calculate this cost.  Provisions are made for 
drawdown and discharge head.  An average cost of $0.10 per kwh and a 70 
percent pump efficiency are used. 

Table ES-3 summarizes the cost per ac-ft under the three imported water scenarios.  
The estimated cost for the Moderate and High Use Scenarios compares favorably to 
the use of imported water for direct delivery at $566 per ac-ft for Tier 2 Treated Water 
at the Miramar water treatment plant. 

 

Table ES-2 
Comparison of Imported Water Spreading vs. Additional Pumping – All Scenarios 
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Environmental Impacts 
For all of the Imported Water Scenarios, the same new facilities would be required.  
This includes new wells in the Lower Claremont Heights Basin, at the Martin 
Cienagas, and in the Southwest portion of the Pomona basin, pipelines that would 
connect the wells to regional distribution systems, and if necessary wellhead 
treatment (GAC) facilities at the latter two locations. 

A detailed Preliminary Environmental Assessment was conducted for the 
construction and operation of the systems and is contained in Appendix A.  In 
general, the impacts were assumed to be similar for all of the Imported Water 
Scenarios as the facilities would be the same, with the primary difference being the 
extent of use.  A brief summary of the potential environmental impacts is presented in 
Section 4; detailed environmental analysis is presented in Appendix A. 

Institutional Issues 
While the No Imported Water Scenario relies on additional directed use of existing 
wells and purveyor distribution systems and therefore no significant change in the 
normal institutional patterns, the Imported Water Scenarios introduce new types of 
facilities and operations that will require new arrangements.  While the extent of the 
use of any of the new facilities differs between the Imported Water Alternatives, they 
all share similar considerations.  The issues are briefly described below with full 
details provided in Section 4. 

 Spreading of imported water.  The basic institutional arrangements exist 
today to allow TVMWD to spread water. 

 New wells and transmission pipelines.  While wells could be owned by local 
purveyors, it may be desirable for TVMWD to construct and operate some or 
all of the wells as recovered water could at times be delivered to other 
TVWMD member agencies.  Transmission facilities should be owned and 
operated by TVMWD. 

Table ES-3 
Comparison of Imported Water Spreading vs. Additional Pumping – All Scenarios 
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 Well head treatment.  Institutionally, any necessary wellhead treatment 
facilities could be constructed, owned and operated either by local purveyors 
or TVMWD. 

Legal Issues 
In general, there is language in the Judgment and precedential agreements that 
establish the basis for implementing the Imported Water Scenarios.  However, 
agreements would have to be modified to allow the levels of potential imported water 
storage contemplated under the Scenarios, subject to approval by all parties and 
following additional CEQA review to the extent that a program greater than that 
already covered under the current TVMWD plan is proposed. 

One area in the Judgment that needs further definition and clarification relates to the 
losses of stored water from the basin.  Item B7 of Section III of the Judgment, 
Declaration of Rights and Responsibilities, indicates that if the Watermaster 
reasonably determines that Replenishment had to be terminated or curtailed in any 
year because of insufficient storage capacity, some or all of Party’s unproduced 
Carryover rights or Storage and Recovery rights may be deemed lost based on 
different priorities.  Storage of imported water has the fourth priority and could be 
loss under these circumstances.  This could result in substantial financial losses for 
TVMWD under the current Judgment. 

ES.7 Recommended Plan 
Controlling rising water at various locations in the Six Basins Area, in the absence of 
introducing imported water, can be attained by managing more closely spreading 
operations at the SASG and increasing pumping at certain locations to control water 
levels without incurring significant additional cost relative to Baseline Scenario.  
However, control of rising water can also be attained under the three imported water 
scenarios by operating the basin within the given parameters and by constructing a 
series of spreading, transmission, and pumping facilities.  In addition, spreading of 
imported water offers the following benefits to the operations of Six Basins: 

 Reduced imported water deliveries during peak demand conditions 

 Increased reliability of local supply sources 

 Increased groundwater availability and safe yield of the basin 

 Maintained higher water levels during extended droughts 

 Decreased fluctuations in water levels 

 Lower overall cost per ac-ft when compared to direct delivery of imported 
water 
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As previously discussed in this section, the Low Use Scenario maintains spreading of 
imported water at 5,000 ac-ft per year regardless of water levels, while the other two 
scenarios consider variations in water levels as surrogates to increase or decrease 
spreading of imported water.  Spreading of imported water under these scenarios 
varies from less than 1,000 ac-ft per year during high water level conditions to 15,000 
ac-ft per year when levels are low.  Long-term spreading under the Moderate Use 
Scenario averages approximately 7,900 ac-ft per year and 11,350 ac-ft per year under the 
High Use Scenario.  These two scenarios represent a more realistic condition under 
which the basin could be operated. 

Modeling results indicate that is feasible to spread up to 15,000 ac-ft per year under 
certain conditions while reducing or eliminating rising water.  While, this level of 
spreading may be an ultimate goal, a phased approach is recommended.  A phased 
approach will enable TVMWD and the Six Basins Watermaster to learn more about 
how the basin would respond to the additional spreading of imported water by 
evaluating data from a series of dedicated monitoring wells that are in place at various 
locations in the Six Basins Area. 

Therefore, it is recommended that spreading of up to 8,000 ac-ft per year be 
considered in the initial phase with an overall average of approximately 5,000 ac-ft 
per year.  Annual spreading should be limited when water levels are relatively high 
and further increased as water levels at MW-2 decreased.  As additional knowledge is 
gained on how the basin responds to the imported water spreading, further increases 
in spreading should be considered to reflect those illustrated under the Moderate Use 
Scenario.  Implementation details of the recommended plan are presented in 
Section 5. 
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Section 1 
Introduction and Project Background 
The occurrence of rising water in the Six Basins Area has been an issue that local 
residents in the Pomona-Claremont area have periodically been concerned with for a 
long time.  Rising water has been documented as occurring in the late 1880’s during 
occasional wet periods and throughout the 1900’s including the recent 2004-05 period of 
high rainfall.  Rising water occurs at certain locations within the Six Basins Area when 
shallow groundwater comes up to the surface in the form of a nascent spring.  This 
phenomenon tends to occur during very wet periods over one or more years when 
significant amounts of rainfall and surface water percolate into the ground and quickly 
recharge the groundwater basin.  Historically, many of the affected areas have been 
known as Cienegas, which are defined as marsh areas where groundwater surfaces. 

While rising water has been an issue during occasional wet periods, there have been 
extensive periods in which water levels have been significantly below optimal.  This has 
resulted in a reduction in groundwater extractions as existing wells yield less as water 
levels decline.  Imported water has been used in the basin as a source of direct delivery 
from the local water treatment plants; however, it has not been used to recharge the 
basins. 

Spreading of imported water would allow for conjunctive use of the Six Basins Area.  
The use of imported water to supplement local surface water spreading at the San 
Antonio Spreading Grounds (SASG) would substantially increase the availability of 
groundwater to the different agencies in the Six Basins Area and help reduce periods of 
significantly declining water levels during below average hydrologic cycles.  Spreading 
of imported water however, must be coupled with corresponding increases in 
groundwater production to withdraw the water either for use within the Six Basins 
Area or for delivery to other outside agencies, and to reduce or eliminate the occurrence 
of rising water in the area. 

This section presents the project background, describes the study area, lists previous 
studies documenting the occurrence of rising water in the Six Basins Area, describes 
historical spreading activities in the area, introduces the Legal Judgment that governs 
groundwater activities in the area, and presents the objective of the study. 

1.1 Study Area 
The study area for this project consists of the Six Basins Area, which refers to the areas 
overlying six interconnected groundwater basins in the Pomona-Claremont area.  These 
groundwater basins are the Canyon, Upper Claremont Heights (UCHB), Lower 
Claremont Heights (LCHB), Pomona, Live Oak, and Ganesha Basins as depicted in 
Figure 1-1.  This figure also depicts the location of the SASG and Thompson Creek 
Spreading Grounds.  Water extracted from these aquifers is a vital source of supply for 
the purveyors that serve the overlying area, which includes the cities of Claremont, La 
Verne, Pomona, and Upland and surrounding unincorporated areas of Los Angeles and 
San Bernardino counties. 
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The study area encompasses 19 square miles bounded on the north by the San Gabriel 
Mountains, on the east and the south by the San Jose Fault, which separates it from 
the Chino Groundwater Basin, on the southwest by the San Jose Hills, and on the west 
by a surface water divide that separates it from the San Gabriel Basin. 

1.2 Brief History of Water Activities in the Basins 
Water development in the study area began in the mid 1800’s as surface water flows 
were being diverted from local creeks, springs, and cienegas for agricultural use.  As 
the area began to grow, the natural surface water sources were not enough to meet 
local demands.  In the late 1800’s, wells were dug in and around the cienega areas and 
tunnels were dug to intercept subsurface water from the local canyons.  As the area 
continued to grow in the early 1900’s, new wells equipped with pumps were drilled 
to draw water from deeper portions of the aquifer.  At that time, most of groundwater 
production from local wells was used for agricultural purposes; however, as the area 
began to urbanize the demand for water began to transfer from agricultural use to 
potable supplies.  Subsequent growth and urbanization eventually led to the local use 
of imported water from the State Water Project to meet additional water demands in 
the study area. 

In 1909, the major local water interests formed the Pomona Valley Protective 
Association (PVPA) to develop and enhance the local water supply and protect it 
from outside interests.  PVPA currently owns the San Antonio and Thompson Creek 
spreading grounds where the majority of surface water runoff from local canyons is 
captured and recharged during the winter and spring months. 

Spreading of local surface water at the San Antonio and Thompson Creek spreading 
grounds constitutes an essential part of managing water resources in the study area.  
Spreading of surface water helps maintains adequate groundwater levels in the area; 
however, the groundwater basin needs to be managed properly as to minimize the 
potential for rising water in some portions of the basin that could result during years 
of high runoff and capture.  Until now, the goal in managing the groundwater basins 
has been to maximize the use of local surface water as this water is relatively free. 

Imported water has been used extensively in the Six Basins Area in the form of direct 
delivery from Metropolitan Water District of Southern California’s (MWD) 
Weymouth water treatment plant or from Three Valleys Municipal Water District’s 
(TVMWD) Miramar facility.  Until now, imported water has not been used to 
augment groundwater sources in the area.  However, TVMWD, as administrator of 
the Six Basins Watermaster, has recently completed a feasibility study to spread 
imported water in the lower portions of the SASG.  Spreading of imported water 
would significantly augment the availability of groundwater in the area; however, it 
could also increase the probability of rising water occurrences. 
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1.3 Rising Water Previous Studies 
The occurrence of rising water in several portions of the study area has been an issue 
since recorded history.  The extent and impact of rising water have been investigated 
in numerous studies in the past and was first documented in 1936 by Thayer in its 
evaluation of the San Antonio Spreading Grounds.  Some of the most relevant studies 
include the following: 

 Warren N. Thayer, L. W. Jordan, and O. D. Hofmann, 1936, San Antonio 
Spreading Grounds Investigation and Ground Water in the San Antonio 
Drainage Area, prepared for the Los Angeles County Flood Control District. 

 Robert T. Bean, 1980, Groundwater Discharge to the Surface, Claremont, 
California, prepared for the City of Claremont, California. 

 Robert T. Bean, 1982, Rising Water Conditions and Their Alleviation Pilgram 
Place, Claremont, prepared for Pilgrim Place. 

 Bookman-Edmonston Engineering, Inc., 1987, Water Management Study for 
City of Claremont, Phase II Report Ground Water. 

 James M. Montgomery, Consulting Engineers Inc., 1985, Ground Water 
Management Study, prepared for the Pomona Valley Protective Association. 

 Richard C. Slade & Associates, 1999, Preliminary Hydrogeologic Ass 

 Camp Dresser & McKee Inc, 2001, Assessment of Spreading Operations in the 
San Antonio Spreading Grounds, prepared for the Pomona Valley Protective 
Association. 

 Camp Dresser & McKee Inc, 2002, Assessment of Current Spreading 
Operations and Development of Spreading Operating Parameters, prepared for 
the Pomona Valley Protective Association. 

1.4 Six Basins Judgment and Adjudication 
In 1996, the local producers and other interested parties began formal negotiations to 
resolve the issues surrounding water production, storage and recharge of the Six 
Basins.  The negotiations included an extensive effort to collect data concerning 
extractions, water quality, and groundwater levels. 

Based upon previous safe yield studies conducted by PVPA and supplemented by the 
collected data, the safe yield of the Six Basins Area was established at 19,300 acre feet 
(ac-ft) per year.  This figure became the basis of the safe yield used in the adjudication.  
In the fall of 1998, the parties filed a stipulated Judgment with the Superior Court of 
California for the County of Los Angeles.  The court entered the stipulated judgment 
on December 18, 1998 under Case No. KC029152.  The Judgment set the pumping 
rights for each of the parties.  It also set provisions for spreading, storage, high 
groundwater, and water quality mitigation in the Six Basins Area.  The Judgment set 
up a Watermaster Board, initially composed of ten members, to oversee its 
administration.  The board met for the first time on January 27, 1999. 
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Each year, the safe yield is evaluated based on precipitation, the location and amount 
of the pumping within the basins and the ground water levels recorded throughout 
the year. 

1.5 Objective of the Study 
Annual spreading of local surface water is a key component of water resources in the 
Six Basins Area; however, it is highly dependent on local hydrology and precipitation 
patterns.  During periods of high precipitation, significant amounts of local surface 
water have been spread which have resulted in water level increases throughout the 
study area; conversely, significant declines in water levels are experienced during 
average to below average precipitation years. 

To augment water levels in the study area, TVMWD, as the Six Basins Watermaster, 
would like to spread imported water in the lower portion of the SASG. TVMWD is in 
the process of designing the associated transmission pipelines and pertinent facilities 
from the existing connection at the Miramar water treatment plant to deliver 
imported water to the spreading grounds.  The spreading of imported water would 
enable Watermaster to conjunctively manage the Six Basins Area by spreading in the 
SASG, pumping the stored water and reducing or eliminating the occurrence of rising 
water in some portions of the Six Basins Area. 

The objective of this study is to evaluate different basin management scenarios that 
consider different levels of imported water spreading.  The study defines the basin 
operating parameters and identifies the necessary facilities to recover the stored water 
and reduce or eliminate the occurrence of rising water throughout the Six Basins 
Area.  The study focuses on the construction of extraction wells at key locations that 
could be more or less operated as normal supply wells during most years with the 
provision of increasing production when water levels at certain indicator wells reach 
specific target levels. 

The study evaluates four different scenarios and compares them against a Baseline 
condition.  The first scenario identifies the necessary changes in operations of existing 
facilities to minimize rising water conditions resulting from spreading of local surface 
water only.  Imported water spreading is not considered under this scenario.  The 
remaining three scenarios simulate three different levels of imported water spreading 
and identify the facilities required to recover the stored water and mitigate the 
occurrence of rising water.  The Imported Water Scenarios are then compared against 
the No Imported Water Scenario to document the relative changes in operations in the 
groundwater basin resulting from different levels of imported water spreading.  
These scenarios are also compared based on economic, institutional, and legal 
considerations.  The knowledge gain as a result of the evaluation of scenarios is used 
to develop an implementation plan to spread imported water in the Six Basins Area. 
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1.6 Report Organization 
This report is organized into five sections as follows: 

Section 1 presents the project background, a narrative of historical use of water in the 
Six Basins Area and the occurrence of rising water, a brief description of the Judgment 
regulating water operations in the area, and a description of the objectives of the 
study. 

Section 2 describes the use of the groundwater model and introduces the evaluation 
of Baseline conditions. 

Section 3 presents the four basin management scenarios that were evaluated.  This 
section includes a description of the scenarios, the facilities required for 
implementation, and the operational parameters that need to be implemented to 
recover the stored water and reduce or minimize the occurrence of rising water. 

Section 4 compares the different basin management scenarios.  The basis for 
comparison include a) groundwater basin response, b) construction and operating 
cost, c) environmental impacts, d) institutional issues, and e) legal considerations.  In 
addition, this section presents the recommended basin management plan. 

Section 5 presents the implementation plan to spread imported water, increase 
groundwater production, and reduce the potential for rising water in the Six Basins 
Area. 
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Section 2 
Production Patterns, Model Development 
and Baseline Evaluation 
This section introduces the agencies involved in the Six Basins Area, presents the 
production patterns of local water purveyors, and discusses water quality issues in the 
area.  This section also describes the hydraulic model used in the evaluation of different 
groundwater management scenarios and presents the results of the Baseline evaluation. 

2.1 Six Basin Water Agencies 
Groundwater sources from the Six Basins Area constitute an important source of 
supply to a number of public and private utilities and other local and regional agencies.  
This section presents a brief description of the operations of each entity and the role 
they serve as it relates to water resources in the Six Basins Area. 

2.1.1 Six Basins Watermaster 
The Watermaster is a committee composed of one representative of each of the parties 
to the Judgment and includes representatives from the City of La Verne, the City of 
Pomona, the City of Upland, the City of Claremont, Golden State Water Company 
(GSWC), TVMWD, PVPA, Pomona College, San Antonio Water Company (SAWC), 
and West End Consolidated Water Company (WECWC).  The Watermaster committee 
meets six times a year and in general is in charge of overseeing the overall management 
of groundwater sources in the Six Basins Area. 

Under the Judgment, the Watermaster has the power to exercise certain duties and 
responsibilities.  Some of the main responsibilities of the Watermaster include the 
following: 

 Develop, maintain and implement the Operating Plan 

 Adopt rules, regulations, procedures, criteria, and time schedules 

 Levy Assessments 

 Acquire or invest in facilities or facility improvements 

 Inspect and test  measuring devices 

 Adopt an annual budget for monitoring and reporting legal and administrative 
costs 

 Enter and administrate Storage and Recovery Agreements 

 Report annually to the Court 
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2.1.2 Three Valleys Municipal Water District 
TVMWD serves many roles as a wholesale water supplier in the Pomona, Walnut, and 
eastern San Gabriel Valleys.  One of those roles is the administrator for the Six Basins 
Watermaster.  As Watermaster, TVMWD is charged with carrying out the rights and 
responsibilities of the adjudication of the Six Basins. 

In addition, TVMWD is a member of the Metropolitan Water District of Southern 
California (MWD).  Through MWD, TVMWD has access to imported State Project 
Water which it treats at the Miramar water treatment plant.  This plant takes water from 
MWD’s Foothill Feeder, which carries imported water from the State Water Project.  
Treated water from this plant is delivered to a number of agencies in the TVMWD 
service area through regional transmission pipelines. 

2.1.3 Metropolitan Water District of Southern California 
MWD is a consortium of 26 member agencies, including 14 cities, 11 municipal water 
districts, and one county water authority.  MWD’s member agencies serve residents in 
more than 143 cities and 89 unincorporated communities in parts of Los Angeles, 
Orange, San Diego, Riverside, San Bernardino and Ventura Counties.  MWD currently 
delivers an average of 1.7 billion gallons of water per day to a 5,200 square mile service 
area.  MWD owns and operates the Foothill Feeder to deliver raw water from the State 
Water Project stored in Lake Silverwood in the San Bernardino Mountains to the 
Miramar, Agua de Lejos WFA/JPA, and Weymouth water treatment plants in the 
general vicinity of the Six Basins Area.  The Weymouth plant is owned and operated by 
MWD and delivers treated water to many southern California communities. 

2.1.4 Pomona Valley Protective Association 
PVPA was established in 1909 to protect the rights of the water users in the Claremont, 
Pomona, Upland, and La Verne areas from outside interests developing and exporting 
local water from the area, to protect the rights of its stockholders, and to maintain the 
supply of water to the Pomona Valley.  PVPA owns and operates approximately 1,100 
acres of land in the San Antonio and Thompson Creek spreading grounds and has 
historically been responsible for spreading surface water from local canyons at these 
two facilities.  Under the Judgment, the Six Basins Watermaster directs PVPA to 
conduct spreading of local surface water at these facilities.  Local water spread by PVPA 
is an integral component of the yield of the Six Basins Area. 

2.1.5 Water Purveyors 
There are eight major water purveyors that produce groundwater from the Six Basins 
Area to meet residential, commercial, institutional, and agricultural demands.  All of 
these agencies are represented on the Watermaster Board as they are integral to the 
management of water resources in the Six Basins Area.  A brief description of each 
agency is presented below. 
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 City of La Verne.  La Verne is a general law city located in the County of Los 
Angeles overlying the western portion of the Six Basins Area.  This agency 
pumps primaryly from the Live Oak and Pomona basins to partially meet 
potable water demands within its service area.  Groundwater production from 
these basins represented approximately 19 percent of the total water 
consumption within the city during 2005 with imported water from the 
Miramar water treatment plant providing the main source of supply. 

 City of Pomona.  Pomona is a charter city located in the County of Los Angeles.  
Portions of the city overlie the southern portion of the Pomona Basin.  Pomona 
produces groundwater from the Pomona and Upper Claremont Heights basins 
in the Six Basins Area and from the Chino and Spadra basins.  Supplies from 
the Six Basins Area represented approximately 17 percent of the total water 
consumed in the city in 2005.  Other sources of water available to Pomona 
include local surface water from San Antonio Canyon treated at the city’s 
Pedley filtration plant and a small amount of imported water from the 
Miramar water treatment plant. 

 City of Upland.  Upland is a general law city located in western San Bernardino 
County; portions of the city overlie the easterly portion of the Six Basins Area.  
The City of Upland has majority ownership of the San Antonio Water 
Company and the West End Consolidated Water Company.  Both mutual 
water companies pump from the Six Basins Area and other surrounding 
basins.  Supplies to the city from the Six Basins Area, excluding those from 
SAWC and WECWC, represented approximately 24 percent of the total water 
produced by the city in 2005.  The city also obtains imported water from the 
Agua de Lejos water treatment plant as a member of the Joint Powers 
Authority that operates this treatment plant. 

 San Antonio Water Company.  SAWC is a mutual water company 
incorporated under the laws of the State of California.  The majority of SAWC 
shares are owned by the City of Upland.  SAWC produces groundwater from 
the Six Basins Area, Chino and Cucamonga basins.  In addition, it has 
significant surface water rights in San Antonio Creek that are used to meet 
potable and irrigation demands of its shareholders.  SAWC does not use 
imported water as a source of supply. 

 West End Consolidated Water Company.  WECWC is a mutual water 
company incorporated under the State of California.  WECWC is owned 
primarily by the City of Upland with a very small stake owned by the City of 
Ontario.  WECWC produces groundwater from the Six Basins Area and from 
the Chino Basin.  No imported water is used by this agency. 
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 Golden State Water Company.  GSWC, formerly known as Southern California 
Water Company, is an investor-owned public utility incorporated under the 
laws of the State of California.  GSWC produces significant amounts of 
groundwater from the Six Basins Area to deliver to its customers in the City of 
Claremont.  In 2005, supplies from the Six Basins Area represented 54 percent 
of its overall supply.  Imported water, obtained from the Miramar water 
treatment plant, was used to meet the remaining demands. 

 Pomona College.  Pomona College is a California corporation that owns lands 
and groundwater production facilities that overlie the Six Basins Area and it 
has executed operating leases with GSWC to operate its facilities. 

Table 2-1 below summarizes the water use by Six Basins Parties in 2005.  This table 
summarizes the amount of groundwater produced by individual parties to the 
Judgment from the Six Basins Area and from other supply sources including imported 
water, surface water and groundwater produced from other basins.

Table 2-1 
Summary of Water Use By Six Basins Parties in 2005 
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2.1.6 Availability of Groundwater in the Six Basins Area 
The long-term safe yield of the Six 
Basins Area was established in 
the Judgment at 19,300 ac-ft per 
year; however, in 6 out of 7 years 
since 1999 when the basins were 
adjudicated, local producers have 
not been able to produce enough 
groundwater due to declining 
water levels or water quality 
limitations as illustrated in Figure 
2-1 to the left.  It was not until 
2005, a year of near record high 
rainfall and surface water 
spreading that producers were 
able to pump more than the 
operating safe yield of the Six 
Basins.  In 2005, significant 

amounts of surface water were spread at the San Antonio and Thompson Creeks 
spreading grounds; as a result, water levels rose significantly in the area.  To 
minimize the potential for rising water, the Watermaster declared a 6,000 ac-ft surplus 
to augment the production rights of individual parties.  Groundwater production by 
individual parties since the adjudication is illustrated in Figure 2-2. 

Figure 2-1
Comparison of Production and Operation Safe Yield

Figure 2-2
Annual Groundwater Production by Water Agency Since 1999
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Two of the main reasons groundwater production fluctuates so significantly in the Six 
Basins Area are the relative storage capacity of the basins and the high variations in 
local precipitation and surface water available for groundwater recharge.  Figure 2-3 
shows rainfall and surface water spread in the Six Basins Areas since 1990.  During 
this period, spreading has ranged from less than 100 ac-ft (1990) to over 30,000 
ac-ft (2005).  These variations in the amount of water spread have a direct impact on 
water levels in the basin with levels in some wells varying by as much as 150 feet or 
more from one year to the next. 

Spreading imported water to help maintain adequate water levels during average to 
below average conditions is currently being considered by TVMWD, as the 
administrator of the Six Basins Watermaster, to augment the amount of water that can 
be relied upon on a yearly basis.  The challenge, with spreading of imported water is 
to ensure that it would not increase the potential for rising water during years when 
large quantities of local water are available for recharge.  Spreading of significant 
amounts of imported water, followed by a significantly above average wet year could 
result in rising water in different locations of the Six Basins Area.  The potential for 
rising water could be significantly diminished if adequate production capacity is 
developed at key locations in the Six Basins Area and spreading of local surface water 
is concentrated in the northern portion of the SASG.  It should be noted that the SASG 
are not currently operated in this mode and significant improvements will be 

Figure 2-3
Annual Precipitation vs. Surface Water Spreading (1990-2005)



Section 2 
Production Patterns, Model Development and Baseline Evaluation 

A  2-7 

required above the Drabble Pit area.  Section 3 discusses three management scenarios 
that consider various levels of imported water spreading and present the operational 
changes that need to be made to minimize the potential for rising water at various 
locations in the Six Basins Area. 

2.2 Occurrence of Rising Water in the Study Area 
A number of cienega areas have historically produced rising water in the cities of 
Claremont and Pomona.  Rising water has been a problem in the study area since the 
late 1800’s.  Rising water has been documented as occurring in different portions of 
the Six Basins Area in the 1940-41, 1968-69, 1977-80, and 1983-84 periods and as 
recently as the 2005 winter when significantly above average precipitation and 
spreading of runoff resulted in high groundwater levels. 

A number of previous studies have identified six main areas of concern in the Six 
Basins Groundwater Management Area as illustrated in Figure 1-1.  A brief 
description of each area and the relationship between rising water and water levels at 
selected local wells is presented below. 

2.2.1 Padua Avenue 
A review of several studies conducted in the 1980’s for the City of Claremont1,2 and 
PVPA3 indicate that rising water occurred in the vicinity of Padua Avenue and 
Shenandoah Drive in the late 1960’s as well as in the late 70’s and early 80’s.  The 
occurrence of rising water in this area is probably related to spreading activities at the 
SASG.  Historical high groundwater impacts have been limited to local flooding of 
gravel operations in this area.  A review of water levels at the Golden State Water 
Company’s (GSWC) Mill No. 1 well, located about half of a mile to the west, indicate 
that water levels rose considerably in this well during the same periods, but never 
reached the ground surface.  It has been recommended that water levels at this well 
be closely monitored to assess the potential for rising water along Padua Avenue to 
maintain levels below the 1,400 ft elevation to minimize rising water. 

2.2.2 Greensboro Court 
Rising water in this area has been documented as occurring in 1969 and 1980.  This 
area is located in the Upper Claremont Heights Basin, a few hundred feet directly 
south of the Pomona Tunnel wells and the Pomona Spreading Grounds, as illustrated 
in Figure 1-1.  A review of historical levels at Tunnel wells 1 and 3 indicate that water 
levels at both of these wells rose to within 65 ft of the surface in June of 1969.  Similar 
behavior was recorded in October 1980 when levels came within 60 ft of the surface 
coinciding with the occurrence of rising water in the area downstream.

                                                           
1  Robert T. Bean. “Groundwater Discharge to the Surface, Claremont, California”, September 1980. 
2  Bookman-Edmonston Engineering, Inc. “City of Claremont, California. Water Management Study 

for City of Claremont”, November 1987. 
3  James M. Montgomery, Consulting Engineers, Inc. “Pomona Valley Protective Association, 

Ground Water Management Study”, March 1985.  
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The tunnel wells were drilled directly on top of the Indian Hill formation and have an 
approximate depth of 300 ft; occurrence of bedrock in this area has been documented 
in the range of 380 to 400 ft below ground surface.  These wells were drilled in the 
early 1900’s and there are no records of their perforations; however, it is assumed that 
their perforations are in the middle to lower portion of the well.  The reason for this 
assumption is that since water levels in these wells only came within 60-65 ft. of the 
surface when rising water was occurring just downstream, the levels were 
representative of the lower aquifer.  It can be inferred therefore that rising water in 
this area is the result of local perched water conditions in the upper portion of the 
aquifer and not necessarily a direct result of water levels in the lower aquifer.  
Previous studies conducted by CDM for PVPA have recommended that water levels 
at these two wells should be closely monitored since their rise has closely matched 
historical periods of rising water in the area.  Water levels should be maintained 
below the 1,300 ft elevation at the Tunnel wells to minimize rising water in the area. 

2.2.3 Downtown Claremont 
Downtown Claremont represents a localized area in the northern portion of the 
Pomona Basin.  While there is little information of rising water in the area, Bookman-
Edmonston in the 1987 study for the City of Claremont used two hydrographs from 
nearby wells to illustrate that a shallow perched aquifer occurs over a deeper aquifer 
in this area.  Well 4489B (Bookman-Edmonston, 1987 Figure IV-4) shows groundwater 
elevations consistently at about 1,150 feet, where as well 4489 shows groundwater 
elevations below 1,150 feet.  This demonstrates that the local high groundwater 
conditions are probably the result of local perched groundwater and not related to 
surface water spreading at the SASG. 

2.2.4 Pomona College 
The Pomona College rising water area is located north of the Del Monte Cienega.  
Some historical reports have combined it with the Del Monte Cienega (Bookman-
Edmonston, 1987) while others combined the area with the Downtown Claremont 
area and the Del Monte Cienega (Robert T. Bean, 1980).  The cause of the historical 
high groundwater in this area is unknown.  Bean (1980) suggested that groundwater 
flowed laterally from blocked artesian wells until it was able to escape to the surface.  
Until recently the only well in the area was College Well 2 for which a well log was 
not available; however, TVMWD, as the Six Basins Watermaster, recently drilled 
Monitoring Well No. 3 (MW-3) in the area.  Driller information about this well 
indicates a depth to bedrock of approximately 1,270 ft with no clay layer encountered 
to produce a confining layer which would cause artesian or perched groundwater 
conditions.  MW-3 was installed with a submersible pressure transducer to provide 
continuous groundwater elevation monitoring.  This will assist in understanding the 
cause of high groundwater in this area. 
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2.2.5 Martin Cienega 
The Martin Cienega, also called Pilgrim Place in previous studies, is located in the 
central portion of the Pomona Basin on the north side of the Intermediate Fault.  
Groundwater discharge to the surface has occurred numerous times in this area.  The 
hydrograph for the Berkeley well shows that groundwater levels reached the ground 
surface in 1959, from 1969 to 1971, from 1979 to 1981, and again in 1983.  GSWC’s 
wells Berkeley No. 1 and Harrison Home No. 1 are located directly in the area where 
rising water has occurred.  A review of historical water levels at these two wells since 
the early 1960’s indicate that water levels at the Berkeley No. 1 well rose to the surface 
during the same periods when rising water occurred.  Similarly, water levels at the 
Harrison Home No. 1 well came within four feet of the surface during the same 
periods.  These two wells are shallow, approximately 160 feet, and are perforated 
between 100 and 150 ft below surface.  It is believed that water levels in these wells 
are indicative of perched conditions in the upper aquifer in the Pomona Basin similar 
to that found in the Downtown Claremont area. 

A review of water levels for deeper wells located within or just to the north of the 
Martin Cienega area are inconsistent with the levels recorded at the Berkeley and 
Harrison Home wells.  Water levels at the Dreher well, located approximately 1,500 ft 
to the west of the Berkeley well and within the Martin Cienega area, were in the 200 
to 250 ft below surface range during these periods of rising water.  While there is no 
information on the perforations of this well, it is a much deeper well (364 ft) and it is 
probably perforated in the lower layer of the aquifer.  Two other wells in the area, the 
Richard 160 (total depth 532 ft with perforations between 236 and 509 ft) and the Ford 
No. 1 well (total depth 452 – no perforation data available), show water levels in 
the 260 to 280 ft range for the same time period consistent with the Dreher well. 

This comparison indicates that water levels in deeper wells north of the Martin 
Cienega can not be used as a gauge to forecast when rising water conditions will 
occur.  Therefore, monitoring of the Berkeley well is recommended as indicative of 
rising water in the Martin Cienega.  Water levels in this well should be maintained 
below the 1,150 ft elevation.  Additional recommendations on the pumping in the 
vicinity of the Martin Cienega area provided in Section 4 of this report. 

Bookman-Edmonston, in a study prepared for TVMWD in 2005, indicated that the 
most likely cause of the high groundwater in the Martin Cienega is that high 
quantities of water recharged in the UCHB becomes trapped against the Intermediate 
Fault and produces a rise in the perched groundwater when the Pomona Basin 
becomes saturated next to the fault.  This report further indicates that a second 
explanation could be that the perched groundwater in the Martin Cienega extends to 
the Indian Hill Fault and high recharge in the SASG produces a rise in the 
groundwater level of the perched groundwater that is then prevented from flowing 
south by the Intermediate Fault or by a reduction in the thickness of the perched 
aquifer. 
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2.2.6 Del Monte Cienega 
Rising water in this area has been reported in the early 1980’s.  GSWC Del Monte 
wells are located within the area where this Cienega has occurred.  A review of 
historical water levels at the GSWC Del Monte wells No. 1 and 2 between 1960 and 
1992 indicate that water levels rose considerably in the late 1970’s from 300 to 350 ft 
below surface to within 60 ft in 1981 and within 30 ft in late 1983 but never reached 
the surface.  These two wells are relatively deep and extract water from the lower 
portion of the aquifer.  Water levels at these wells are not consistent with the 
occurrence of rising water in the Del Monte Cienega.  Rising water in this area was 
reported in early 1980 when water levels at these wells were within 60 to 100 ft of the 
surface.  However, it is believed that rising water in this portion of the study area is 
caused by groundwater rising against the San Jose Fault, which separates the Six 
Basins area from the Chino Groundwater Basin. 

2.2.7 Palomares Cienega 
This cienega is the largest of all the cienegas in the study area and it is located in the 
lower portion of the Pomona basin.  Rising water in this area was not observed for 
more than fifty years; but in recent years has become a significant problem in this 
area.  A review of water levels at the Pomona No. 3 and No. 8 wells indicate that 
water levels through the 1960’s and 70’s were between 400 to 500 ft below the surface.  
Water levels began to rise in 1980 and continued to rise in the 1980’s and 90’s and 
reached within 30 ft. of the surface in the year 2000.  In May 1998, water was observed 
coming to the surface at the City of Pomona Well No. 3, located at the corner of San 
Bernardino Avenue and Gibbs Street.  By April 1999 water rising to the surface was 
reported in several locations. 

The increase in water levels in this area appears to be primarily associated with the 
reduction of production due to degrading water quality in the area.  The rising water 
problem will continue as long as production from this portion of the basin is not 
increased.  Recently, the City of Pomona constructed nitrate removal facilities and 
activated two wells in the area resulting in a decline of water levels in the area. 

2.3 Six Basins Water Quality 
Water quality degradation in some portions of the Six Basins Area has been an issue 
of significant concern as water agencies have in general avoided production from 
contaminated areas.  Water quality degradation has been a primary concern in the 
southern and easterly portions of the Pomona Basin, where some of the historical 
cienegas are located.  Issues of concern include nitrates and volatile organic 
compounds (VOCs). 
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While production from the Pomona Basin declined significantly in the 1990’s and 
early 2000’s, water agencies are now beginning to increase groundwater production 
as new nitrate and Granulated Activated Carbon (GAC) treatment plants are built to 
remove VOCs and additional facilities installed to allow for blending so that delivered 
water meets all drinking water regulations.  The City of Pomona recently activated 
two production wells in the vicinity of the Palomares Cienega by constructing nitrate 
removal facilities.  Likewise, GSWC has installed GAC facilities at the Del Monte 
wells to increase groundwater production from that area. 

To assess the extent of water quality degradation in the Six Basins Area, the California 
Department of Health Services (DOHS) database was used.  Selected historical data 
for nitrate, VOCs, and Perchlorate for all production wells was analyzed and the 
average reading for each constituent was calculated, as well as the number of records 
that exceeded the pertinent Maximum Contaminant Level (MCL) where applicable.  It 
should be noted that the total number of readings from individual wells and 
individual compounds varied significantly in the database. 

The average reading for nitrate and selected VOCs and exceedance data was compiled 
for the Pomona, Upper Claremont Heights, and Lower Claremont Heights 
groundwater basins to examine the spatial distribution of groundwater quality 
problems.  Figure 2-4 illustrates the location of existing wells with water quality 
concerns as of 2004 based on the DOHS database.  A general description of water 
quality concerns in the Six Basins Area for nitrate and VOCs is presented below. 

2.3.1 Nitrate 
In general, wells with the highest nitrate concentrations are in the Pomona Basin.  
Within this basin, the highest levels are near the Palomar Cienegas at the wells owned 
by the City of Pomona.  Wells located in the northeast corner of the basin generally 
had lower nitrate levels.  In the Lower Claremont Heights Basin, nitrate 
concentrations are higher on the west side of the basin near the Live Oak Basin; wells 
on the east side had nitrate levels well below the MCL.  None of the analyzed wells in 
the Upper Claremont Heights Basin exceeded the MCL consistently; however, the 
Indian Hills No. 3 well, on the westerly side of this basin, had an average 
concentration of 42.6 mg/l including 22 readings that exceeded the 45 mg/l MCL.  
Examination of the time trend data indicates that nitrate levels are generally 
remaining steady at this well. 

The results of this analysis indicate that existing and future wells located in the 
Pomona Basin, especially those located further south and west, will need to be 
equipped with nitrate removal treatment technologies or have their production 
blended with lower Nitrate sources.
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2.3.2 VOCs 
Although wells in all basins had isolated low level occurrences of various VOCs, the 
highest sustained readings were all observed in the Pomona Basin.  As with Nitrate, 
high VOCs seem to be more common on the vicinity of the Palomares and Del Monte 
Cienegas where some concentrations of Trichloroethylene (TCE) and 
Dichloroethylene (DCE) exceed their MCL of 5 ug/l and 7 ug/l respectively.  It 
should be noted that some wells in the northeast portion of the Pomona Basin also 
show elevated levels of TCE. 

The average VOC readings for the wells in the other basins were below the MCL.  The 
only exception was an isolated MCL exceedance for MTBE at Harrison Home No. 2 
and an isolated MCL exceedance for Tetrachloroethylene (PCE) at Indian Hills No. 3, 
both in the Upper Claremont Heights Basin.  The results indicate that future wells in 
the Pomona Basin will likely require VOC treatment to be able to meet municipal 
supply requirements. 

2.4 Six Basins Area Hydraulic Model 
The Six Basins Area hydraulic groundwater model represents the inflow, storage, 
movement and discharge of groundwater.  The model was developed as a tool to help 
PVPA manage spreading operations to control high groundwater conditions in the 
Upper Claremont Heights and Pomona Basins, and to evaluate alternative 
management scenarios such as enhanced groundwater spreading and increased 
groundwater pumping in localized areas. 

2.4.1 Model History 
 The initial model was developed in 1993 for the PVPA by MWH (formerly 

James M. Montgomery Engineers) as a long term groundwater management 
tool. (Montgomery, 1993).  A simplified spreadsheet model was also 
developed to assist with short term decision making.  The spreadsheet model 
allowed PVPA to perform preliminary assessments of available storage in the 
basin and adjust the amount of spreading accordingly. 

 In 1998 CDM updated the 1993 groundwater model.  The updated model 
built on the previous model, and incorporated revised basin concepts to 
better predict how the groundwater basins would react under different 
operating scenarios.  The revised basin concepts related to faults, bedrock 
elevation, aquifer layers and identification of the Ganesha basin.  The revised 
concepts were developed in large part by an Ad Hoc Technical Committee 
representing the main groundwater producers.  This version of the Six Basins 
groundwater model was documented in the Six Basin Management Area 
Groundwater Model Update report (CDM 1999). 
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 The Six Basins Area model was applied by CDM in 2002 to assess alternative 
spreading ground basin configurations and strategies for sequencing water 
application to SASG.  Prior to applying the model, the computational 
structure was refined to provide more detail in the vicinity of the spreading 
grounds.  The spatial distribution of recharge flux assignments at the 
spreading grounds was similarly refined.  Additionally, modifications were 
made to improve the model’s representation of historical conditions and to 
streamline the input data structure.  The new input data structure greatly 
facilitates the simulation of multiple management scenarios.  In the current 
study, over 60 different preliminary management scenario simulations were 
completed.  Model updates made in 2002 are documented in the Assessment 
of Current Spreading Operations and Development of Spreading Operating 
Parameters Study (CDM, 2002). 

 Updates made to the model since 2002 are described in Section 2.3.3 of this 
report.  The updates were based on new stratigraphic data obtained from 
three monitoring wells installed in 2004, and on an expanded model 
calibration effort which included a longer historical calibration period (1960 
to 1996) and data from additional monitoring wells.  The updated model was 
used to simulate the alternative groundwater spreading and production 
scenarios presented in this report. 

2.4.2 Model Description 
The model was documented in the Six Basin Management Area Groundwater Model 
Update report (CDM 1999) and Assessment of Current Spreading Operations and 
Development of Spreading Operating Parameters Study (CDM, 2002).  Subsequent 
updates are described in Section 2.4.3 in this report.  A brief summary of model 
features is presented below. 

Domain 
Figure 2-5 shows the outline of the model area.  The model area includes the Canyon 
Basin, Upper Claremont Heights Basin, Lower Claremont Heights Basin, Live Oak 
Basin, Pomona Basin, and Ganesha Basin.  The model area is bounded by the San 
Gabriel Mountains to the north, the San Jose Fault to the east and south, and by the 
San Jose Hills to the southwest. 

Layering 
The model layering represents a sequence of bedrock, overlain by older alluvium, 
then younger alluvium.  The younger alluvium is typically more permeable than the 
older alluvium.  The presence of a semi-confining unit separating the two alluviums is 
also represented in the model.  Figure 2-6 shows the model layering in a northeast-
southwest cross section. 
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Bedrock – The top 300 feet of bedrock is included at the base of the model.  The 
bedrock layer adds to the computational stability of the model, but has relatively little 
impact on the groundwater flow regime simulated in the water-bearing layers 
because a low value of horizontal conductivity has been assigned, which is consistent 
with the relatively impervious nature of the bedrock. 

Older Alluvium - The thickness of the older alluvium averages approximately 350 
feet in the model.  It is thickest in the Pomona Basin.  The older alluvium is divided 
into two computational layers.  This allows vertical hydraulic gradients and the 
vertical location of well pumping to be represented in greater detail.  The hydraulic 
property assignments are generally the same in each of the older alluvium layers. 

Semi-confining Unit - In some sections of the modeled area, this layer is a relatively 
continuous clay layer, such as in the Pomona Basin south of the Indian Hill Fault.  In 
other sections of the modeled area the clay lenses are less continuous and this layer 
presents less of a barrier to flow between the younger and older alluvium.  South of 
the Indian Hill Fault the clay layer can be a few hundred feet thick.  The semi-
confining unit has been subdivided into two model layers. 

Younger Alluvium – The younger alluvium is 100 to 200 feet thick.  It is generally 
more permeable than the older alluvium, especially in the vicinity of the San Antonio 
Creek.  The younger alluvium is divided into 3 computational layers.  The top layer, 
which is 2.5 feet thick and represents the root zone, is used for recharge computations.  
The remainder of the younger alluvium is subdivided to represent in greater detail 
the vertical hydraulic gradients and the vertical location of well pumping. 

Figure 2-6
Northeast to Southwest Cross-Sectional Representation of Model Area
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Faults 
San Jose Fault – The southeastern model boundary is aligned with the San Jose Fault, 
which divides the Six Basin Area from the Chino Basin.  A band of model elements 
with low hydraulic conductivity representing the fault allows limited discharge 
across the fault into the Chino Basin. 

Indian Hill Fault - The Indian Hill fault is represented as a band of low hydraulic 
conductivity elements which inhibit flow from the Upper and Lower Claremont 
Heights basins into the Pomona Basin through the Older Alluvium.  However, the 
Indian Hill Fault is not considered to be a significant barrier to subsurface flows in the 
Younger Alluvium, therefore it is not represented there. 

San Antonio Fault - The San Antonio Fault, which inhibits subsurface flow from the 
Ganesha Basin into the westerly portion of the Pomona Basin, is represented in the 
model.  Water levels at wells lying to the west of the fault were generally 200 to 250 ft 
higher than those observed in the Pomona Basin. 

Intermediate Fault – As described in Section 2.4.3, recent updates to the model 
included the addition of the Intermediate fault.  This fault runs northeast-southwest 
in the northeast part of the Pomona Basin, approximately 3,000 to 5,000 feet northwest 
of the San Jose Fault. 

Sierra Madre - Cucamonga Fault – The Sierra Madre - Cucamonga Fault is not 
represented in the model because it does not appear to significantly affect 
groundwater flow between the Canyon Basin and the Upper and Lower Claremont 
Heights basins. 

Boundary Conditions 
Northern Boundary – The northern model boundary is represented with specified 
fluxes that represent recharge to the basin from mountain front watersheds. 

Southern Boundary – Specified heads representative of Chino Basin head levels are 
assigned on the Chino Basin side of the San Jose Fault at the model’s southern 
boundary.  This boundary condition allows limited discharge from the Six Basins 
Area to the Chino Basin.  The computed rate of discharge depends on simulated 
groundwater levels north of the fault.  Beyond the east end of the San Jose Fault, a 
small rate of inflow to the basin results from the specified head boundary condition at 
that location. 

Western Boundary - The western boundary along the San Jose Hills and San Gabriel 
Basin is defined as a no-flow boundary, representing the limits of the alluvial 
deposits. 
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External Stresses 
The Six Basins Area model includes four types of external stresses to represent the 
climatic conditions and water supply activities which occur in the area.  These stresses 
are production pumping, water recharged at spreading basins, mountain front 
recharge, and areal recharge resulting from precipitation and returned water. 

Pumping – Groundwater pumping fluxes are applied at model locations (horizontal 
and vertical) corresponding to the screen intervals of production wells in the basin.  
Pumping flux assignments were varied on a monthly basis for individual wells.  For 
the calibration simulations, historical pumping rates were applied to the model.  
These historical pumping rates were derived from pumping data compiled by the 
groundwater producers in the area.  The development of pumping fluxes used in the 
Baseline and Scenario simulations is described in detail under Section 2.4.4. 

Spreading Basin Recharge - Water which is recharged in spreading basins is applied 
to the water table at locations corresponding to the San Antonio Spreading Grounds, 
the Thompson Creek Spreading Grounds, the Pomona Spreading Grounds, and the 
Live Oak Spreading Grounds.  Spreading recharge flux assignments were varied on a 
monthly basis based on historical data.  Native water recharge amounts were 
obtained from monthly spreading records maintained by PVPA.  Additional imported 
water spreading was simulated for some management scenarios. 

Availability of Surface Water – A full hydrologic model of the San Antonio Canyon 
watershed was not conducted to determine the maximum amount of surface water 
that could be available for spreading at the SASG.  In addition, spreading losses 
resulting from local surface water bypassed at the dam were not considered in the 
model. 

Mountain Front Recharge - Inflow from the surrounding uplands (mountain front 
recharge) is treated as a specified boundary flux applied at the model northern 
boundary.  Mountain front recharge flux assignments were varied on a monthly basis.  
Estimated mountain front recharge was computed based on precipitation records at 
the San Bernardino and Lake Arrowhead gauges.  The Lake Arrowhead gauge was 
used since no recording gauges were available for the upper elevations in San 
Antonio Canyon. 

Recharge from Precipitation and Returned Water - The quantity of water infiltrating 
to the subsurface was computed by subtracting estimates of runoff and interception 
from the rainfall and applied water on a monthly basis.  Evapotranspiration (ET) of 
infiltrated water from the root zone (estimated to be the top 2.5 feet) is accounted for, 
and the remainder is routed through the unsaturated zone to the water table.  
Monthly rainfall depths from the San Bernardino gauge were used to represent 
precipitation in the valley. 
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Numerical Modeling Code 
The DYNFLOW modeling code used for the Six Basins Area model is a fully three-
dimensional, finite element groundwater flow modeling code.  The finite element 
method provides significant flexibility in model grid configuration, which allows for 
the more natural matching of physical features, such as the complex shape of the 
alluvial valley at this site, and rapid variations in bedrock elevation and alluvium 
thickness.  It also allows model detail to be focused in areas of particular interest, e.g. 
in the vicinity of production wells, while areas of less interest can be incorporated at a 
low level of computational intensity.  Another feature of DYNFLOW critical to this 
study is the ability to reliably simulate water table rise and fall into and out of model 
layers, particularly the rewetting of previously unsaturated layers.  This is a practical 
necessity in the Six Basins Area because of the large changes in water level observed 
in the Claremont Heights Basin. 

The DYNFLOW code has been reviewed and tested by the International Groundwater 
Modeling Center (van Der Heijde, 1985 and 1999).  The code has been extensively 
tested and documented by CDM (1997). 

2.4.3 Recent Model Updates 
Updates to the Six Basins Area model since the Assessment of Current Spreading 
Operations and Development of Spreading Operating Parameters Study (CDM, 2002) 
are summarized below.  These updates have been based primarily on the acquisition 
and compilation of additional data including: 

 Boring and geophysical logs and water level data for dedicated groundwater 
monitoring wells MW-1, MW-2 and MW-3 installed in 2004 

 Groundwater production and spreading data for the period from 1960 to 1988 
which supplemented data previously compiled for 1989-1996 

 Spreading data for 1997-2005 

 Water level data for additional monitoring well locations including wells 
installed by industrial facilities in the basin 

The new boring and well logs provided the basis for adjusting model layering.  The 
additional production, spreading and water level data provided the basis for 
extending the model calibration period and increasing the number of locations where 
model results could be compared with field data.  Based on the supplemented 
calibration testing, adjustments to model parameters were made to improve the 
consistency of the model with field conditions. 
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Layering 
Top of Bedrock - The top of bedrock elevation was adjusted based on logs of 
monitoring wells MW-1, MW-2 and MW-3.  In the vicinity of MW-1 the top of 
bedrock elevation was lowered by approximately 100 feet based on the MW-1 logs.  
No adjustment to the model was required at well MW-2.  In the vicinity of well 
MW-3, model top of bedrock was lowered more than 300 feet based on the MW-3 
logs.  Adjustments were also made in other areas of the model, especially the 
southern area of the Pomona Basin extending southwest from MW-3 approximately 2 
miles, based on a review of all available boring logs and well depths. 

Bottom of Younger Alluvium – To improve model calibration, minor adjustments 
were made to the elevation of the bottom of younger alluvium along the Indian Hill 
Fault.  The Indian Hill Fault is considered to be a significant barrier to subsurface flow 
in the older alluvium, but not in the younger alluvium.  Therefore, small adjustments 
to the elevation of the bottom of younger alluvium there affect simulated water levels 
upgradient of the fault, and the timing and magnitude of subsurface flow from 
upgradient of the fault to the Pomona Basin. 

Faults 
Intermediate Fault – Model simulation of historical groundwater levels in the 
Pomona Basin, especially near the Martin Cienegas, was improved by representing 
the Intermediate Fault in the model.  This fault has been mapped by Bean (1993) and 
Montgomery Watson, Inc. (1993).  In the updated model, it runs nearly parallel to the 
San Jose Fault, approximately 3,000 to 5,000 feet northwest, extending southwest from 
the Indian Hill Fault for a distance of approximately 15,000 feet. 

San Jose Fault – As noted previously, the San Jose Fault is represented by a band of 
low hydraulic conductivity model elements.  A specified head boundary condition, 
with heads representative of Chino Basin head levels, is assigned south of the fault.  
Previously the fault was represented using a general head boundary condition, which 
defines a relationship between computed head in the basin and discharge across the 
boundary.  Computationally, the two representations are similar; however, it is easier 
to visualize and assign parameter values for the new representation. 

Hydraulic Properties 
San Antonio Creek Area – The model representation of groundwater heads in the 
vicinity of San Antonio Spreading Grounds and the San Antonio Creek was improved 
by increasing the horizontal hydraulic conductivity assigned to the younger alluvium 
near the creek from 15-30 feet/day to 100 feet/day.  Also, this zone of relatively high 
conductivity was deepened in the vicinity of well MW-1 based on MW-1 boring and 
geophysical logs. 
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Monitoring Well No. 3 Area – As noted previously, depth to bedrock in the model 
was increased in the vicinity of MW-3 based on the MW-3 boring and geophysical 
logs.  The MW-3 logs also indicated the presence of coarse grained soils in the bottom 
600 feet of the alluvium there.  Based on this, the horizontal hydraulic conductivity 
assigned to the older alluvium over this depth interval near MW-3 was increased 
from 4 to 20 feet/day. 

Minor Adjustments – A number of other minor adjustments to hydraulic property 
assignments were made to improve model calibration.  As noted previously, the 
calibration period has been extended in time duration, and comparisons between 
model results and field data were made at a greater number of locations. 

Computational Grid 
Horizontal Refinement – The finite element grid was further refined in the eastern 
part of the Pomona Basin and in the vicinity of key production wells (See Figure 2-5).  
The reason for refining the grid near production wells was to improve the model 
representation of heads in close proximity to the wells.  The revised grid contains 
6,641 triangular elements in plan view formed by 3,377 nodes at the element vertices, 
compared with approximately 2,149 elements and 1,130 nodes in the previous model. 

Vertical Refinement – The older alluvium, younger alluvium and the semi-confining 
unit which separates them were each subdivided into two computational layers.  This 
was done to refine the model representation of vertical gradients and flow, and to 
better define vertically the location of pumping fluxes.  The total number of 
computational layers was increased from 5 to 8. 

San Antonio Spreading Grounds 
A much more detailed representation of the spatial distribution of recharge fluxes at 
the San Antonio spreading grounds was developed in 2002, as documented by 
CDM (2002).  The same representation was used for recent historical simulations 
made using the updated model.  However, for simulations of alternative future 
scenarios, a new spatial distribution of San Antonio spreading ground fluxes was 
developed consistent with current plans to reconfigure the spreading basins. 

2.4.4 Development of Production Patterns 
Previous modeling studies in the Six Basins Area have used the model of the 
groundwater basins to replicate past conditions.  To accomplish this, actual historical 
production, rainfall, water levels, and spreading values have been used.  Modeling for 
this study differs from previous studies as the model is being used as a predictive tool 
to assess what could happen under different management scenarios. 
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As a predictive tool, the model uses historical rainfall and spreading as there is a 
likelihood that these patterns would repeat in the future.  However, future production 
patterns and well use are likely to be very different than historical well utilization 
over the last 40 years.  To develop meaningful future production patterns for 
individual wells, historical production information for individual wells was compiled 
and meetings were held with individual purveyors to discuss how individual wells 
would be used in the future.  A more detailed description of this approach is 
presented below. 

Assessment of Historical Pumping Rates and Well Utilization 
The historical groundwater production data over the 1995-2004 period was analyzed 
to obtain the seasonal production statistics for individual wells including the average, 
minimum, and maximum monthly production rates.  Historical data shows 
significant variations in the use of wells by individual water agencies and between 
wells owned by the same agency.  Many wells are used fairly constantly throughout 
the year while others are either primarily peaking wells for summer use or used only 
during the winter months.  To further complicate the evaluation, many wells have 
been used constantly for a number of years and as peaking wells to meet summer 
demands in others. 

To develop the seasonal variations in production for individual wells, the monthly 
production was compared against the maximum monthly production for a given year 
and expressed as a percentage of maximum month.  This method normalized the 
monthly production against the maximum month production for the year.  This was 
used to determine the seasonal utilization rate for individual wells.  The normalized 
utilization was then classified into three utilization categories: a) below average if a 
well was used less than 33 percent of the time, b) average when used between 33 
and 66 percent, c) and above average when used over 66 percent of the time relative 
to the maximum month. 

The analysis also considered the rated production capacity of wells as it was 
compared against monthly production for the same period to determine whether 
wells were being used to their maximum potential or if production could be increased 
to help mitigate rising water conditions without adding new wells.  Using the 
historical well production data and well production and utilization analysis, an 
inventory of wells that were not fully utilized or had the capability to increase 
pumping production was developed. 
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To better understand and confirm the well operations within the Six Basins Area, 
meetings were conducted with most water purveyors.  During these meetings, data 
regarding the purveyor well operations, seasonal use of wells, and capital 
improvement plans was discussed.  In addition, agencies plans to restore existing 
wells or drill additional wells in the Six Basins Area were also considered.  Production 
from additional wells considered in the model includes the Piedmont Well (GSGC) 
and Pomona wells No. 7 and No. 8, which have been recently equipped with nitrate 
removal facilities.  In addition, the City of Upland plans to develop two new wells in 
the vicinity of Baseline Road and Benson Avenue and the WECWC plans to replace 
two of their existing wells in the next few years. 

Development of Well Production Patterns for Model Simulations 
Assumed well production patterns were developed as input for the groundwater 
model.  The well production patterns were developed using three analysis methods.  
These methods include: 

 Benchmarking to historical production data 

 Estimating increased well production 

 Developing monthly production pattern variations 

Benchmarked Well Production Patterns.  Benchmarking for the model input 
production patterns was based on a comparison with the historical three-year 
monthly and annual average production and 1999 well production.  Both the three-
year production trends and 1999 production patterns were considered the most 
representative historical production patterns to be used for benchmarking and 
developing the groundwater input model production patterns. 

Calendar year 1999 was considered for benchmarking because the total basin 
production was very close to the long-term safe operating yield of 19,300 ac-ft.  
Although benchmarking against 1999 was used, some wells had no production data 
available for 1999; for these wells, the three-year (2002-04) monthly and annual 
average well production was considered to be the most representative of the recent 
well operation and pumping trends.  The availability of three-year monthly and 
annual average production and 1999 production data varied for the each of the wells 
within the well inventory. 

Estimates of Increased Well Production. To estimate the production increases for 
each well, the following assumptions were made.  If the 1999 or historical three-year 
well production data was near the maximum historical production, it was assumed 
that the well could not increase production. 
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 For new and rehabilitated wells soon to come back on line with no recent 
production records, well production was assumed to be a percentage of the 
rated well pumping capacity.  Seasonal distribution was based on monthly 
use from other wells of the same agency. 

 When the 1999 or historical three-year well production data was significantly 
less than the maximum historical production, a comparison of the production 
difference between the 1999 and three-year average annual production was 
developed.  The difference between the data sets was used as the basis for 
developing theoretical production increases for the wells.  The assumed 
increase in production from the three-year average production was a 
percentage of the increase between 1999 and the three-year production data. 

 If wells historically had small production capabilities and the ability to 
increase well production was unlikely for various reasons, it was assumed 
that the well produced similar to the three-year annual average production 
with no production increases. 

 Unique assumptions were made for individual wells as required. 

Developing Monthly Production Pattern Variations.  To consider the typical monthly 
production variations when developing the groundwater model production input, it 
was assumed that monthly production variations would be similar to the 
benchmarked historical three-year monthly pattern and annual average and 1999 well 
production data.  The following procedure was used to develop typical monthly and 
seasonal production variations for the model input data. 

 If well production data was available for 1999, monthly production variations 
for the groundwater model input were based upon this distribution. 

 If no well production data was available for 1999, monthly production 
variations for the groundwater model input were based upon the monthly 
distribution for historical three-year monthly and annual average production. 

 When no data was available, the total annual production was considered to 
be the same as surrounding wells or wells owned by the same agency. 

2.4.5 Use of the Model 
With calibration and extension of its simulation period, the current groundwater 
model has become a valuable tool in assessing basin management practices.  To aid in 
evaluating various operational conditions, a series of simulations can be run and the 
results compared. 
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With the model calibrated, the model can be applied to evaluate relative impacts to 
the Six Basins Area caused by changes in operational procedures.  Some of the 
operations that can be tested are the implications of increased production and/or 
applied spreading.  By changing inputs to the model (e.g. production, spreading) the 
model can be used to estimate changes in groundwater flow from these changes.  The 
groundwater model can be used to simulate a suite of potential management actions 
and determine the relative benefits or disadvantages of each action prior to field 
application.  This analysis involves evaluating changes in water levels, rising water 
conditions, basin outflows, and long term changes in basin storage.  During this 
assessment, aquifer parameter data and other parameter files used to define 
stratigraphy remained unchanged. 

With respect to the current study, various actions for controlling and/or preventing 
rising water and recharging and recovering imported water were simulated.  These 
actions included: 

 Changes to production patterns at existing wells 

 Addition of new production wells 

 Changes to spreading of natural (winter) recharge at SASG 

 Spreading of imported water at SASG and recovery of the water through 
increased pumping. 

To assess the specific impacts of these types of changes, a trial-and-error process of 
varying model input parameters was undertaken.  For example, various combinations 
of production rates and spreading rates were simulated.  The results of these 
simulations were directly compared to each other to judge relative benefits and 
disadvantages.  The practicality of a given scenario was assessed based on hydraulic 
impacts and the practical/operational changes that the scenario would require. 

To assess various operational scenarios, a common Baseline Scenario was developed 
to serve as the benchmark for comparison. 

2.4.6 Preliminary Modeling Runs 
Prior to simulation of Baseline and scenario conditions, a series of preliminary runs 
was conducted.  The intent of the preliminary runs was to determine a range of 
management options that were both technically feasible and had a beneficial impact 
on the groundwater basins.  Some of the preliminary model runs were made to 
determine basin response to: 
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Starting Water Level Conditions 
 Various water level starting conditions from the calibrated model ranging 

from the dry period near 1978 to the wet period of 1996 (model calibration 
period was 1960-1996) were simulated to determine whether starting heads 
had an impact on overall rising water conditions. 

Production Changes 
 The overall level of groundwater pumping was adjusted in response to water 

levels by increasing and decreasing the total pumping in the modeled area in 
increments of 25 percent and as much as 50 percent. 

 Adjusting pumping north of Indian Hill Fault due to water level changes 
(increasing production if levels are high, decreasing if levels are low).  Water 
level triggers to adjust pumping ranged from 1,250 to 1,350 ft at the Mountain 
View Well No. 4 and at Monitoring Well No. 2. 

 Adjusting pumping south of Indian Hill Fault due to water level changes 
(increasing production if levels are high, decreasing if levels are low).  Water 
level triggers to adjust pumping ranged from 1,050 to 1,150 ft at the Berkeley 
well. 

 Adding new production at the south end of SASG.  Various production rates 
(e.g. seasonal; constant year-round) were assessed.  The use of a "trigger" 
water level to increase production if water levels were too high was also 
assessed using trigger values from 1,300 to 1,375 ft.  Increments of 25 feet 
were used to assess the sensitivity of the model. 

 Adding new production within the Martin Cienegas.  Various production 
rates (e.g. seasonal; constant year-round) were assessed.  The use of a "trigger" 
water level to increase this production if water levels were too high was also 
assessed using trigger values from 1,100 to 1,150 ft. with 25 ft increments. 

Spreading Changes 
 Restricting natural spreading at SASG was assessed 

 Importing from 5,000 to 15,000 ac-ft per year to SASG 

 Increasing and decreasing spreading based on water levels (range 1,250 
to 1,375 ft) 

2.5 Baseline Scenario – Development 
2.5.1 Development 
The Baseline Scenario was developed as follows. 

Aquifer Properties 
Aquifer properties, such as stratrigraphic layering and hydraulic properties, remained 
as in the calibrated model. 
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Development Patterns 
Levels of development remain as they are in the calibrated model.  The level of 
development impacts the amount of deep percolation that results from surface 
activities in urban (e.g. pipe leakage) and agricultural (e.g. irrigation) areas.  No major 
changes have occurred in recent years or are anticipated in the foreseeable future. 

Basin Perimeter Inflow 
In the Baseline Scenario, inflow to the basin along its perimeter (e.g. recharge at the 
foot of the mountains) remained the same as in the calibration simulation.  The 
historical hydrology (e.g. rainfall) impacts the levels of subsurface recharge from the 
mountain front.  For the Baseline (and calibration) simulation, the actual historical 
hydrology for 1960–2005 was applied.  Any basin inflow that is calculated as a result 
of this hydrology was done so in the same manner as in the calibration simulation.  
Using historical inputs, such as rainfall, forces the model to cycle through different 
dry and wet periods, just as the basin has experienced historically. 

Applied Spreading 
As with rainfall, applied spreading of local surface water at the San Antonio, 
Thompson Creek, and Live Oak spreading grounds was applied using historical data 
from 1960-2005.  Applied spreading at SASG ranged from 0 to over 31,300 ac-ft per 
year over the 45 year study period and averaged 6,061 ac-ft per year as illustrated in 
Figure 2-7. 

Figure 2-7
Annual Spreading of Local Surface Water at SASG – Baseline Scenario
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Fluctuations in Groundwater Production 
Production within the Six Basins Area varies significantly from year to year 
depending on water levels.  In general, when water levels are high production rates 
increase.  Similarly, when water levels are low production is typically decreased.  In 
order to replicate this type of operation an algorithm to increase or decrease 
production was implemented in the model.  Super-imposed on the annual production 
pattern described above is an algorithm in the model to vary production based on 
groundwater levels at specified locations. 

In the Baseline Scenario, as in all subsequent scenarios described in Section 3, the 
variation of pumping was split into two regions with the Indian Hill Fault used as the 
divider.  Production from wells on the north side of the fault in the Canyon, Upper 
Claremont Heights, Lower Claremont Heights, and Live Oak basins was regulated by 
water levels at Monitoring Well No. 2.  This well, located in the vicinity of Padua 
Avenue and Baseline Road, was selected because water levels at this location are 
directly impacted by surface water spreading in the San Antonio Spreading Grounds. 

Production from wells in the Pomona and Ganesha basins, south of the Indian Hill 
Fault, was regulated by water levels at the Berkeley No. 2 well.  Table 2-2 summarizes 
the variations in production used in the model based on water levels at the 
Monitoring Well No. 2 and Berkeley No. 2. 

2.5.2 Baseline Scenario - Evaluation 
Using the inputs described in the preceding section, a Baseline Scenario was 
simulated in the groundwater flow model.  Mass balance results from the Baseline 
Scenario were summarized as an average for the entire 45 years simulation period 
and into individual annual averages.  Table 2-3 shows the annual mass balance results 
of the Baseline Scenario simulation.  A description of each of the components listed in 
the table is presented below. 

Table 2-2 
Pumping Parameters Based on Water Levels at Key Wells 
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Table 2-3 
Baseline Annual Mass Balance 
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Areal and Boundary Recharge 
The average areal and boundary recharge in the Baseline Scenario is simulated to 
be 14,563 ac-ft per year.  This value represents groundwater recharge from 
precipitation within the basins, recharge at the edge of the basin (i.e. “mountain front” 
recharge), and urban return flow.  Recharge from precipitation and mountain-front 
recharge are driven entirely by rainfall records.  Return flow from irrigation simulated 
in the model varied based on hydrologic conditions but was held constant between 
simulations.  Therefore, the volumes listed as “Areal and Boundary Recharge” are 
essentially the same for all simulations including this Baseline Scenario.  Annual Areal 
and Boundary recharge are illustrated in Figure 2-8. 

Applied Spreading 
The average “natural” spreading at SASG is simulated at 6,061 ac-ft per year as 
illustrated in Figure 2-7.  Annual average values range from years with no applied 
spreading to over 31,000 ac-ft per year for Year 24.  The simulated spreading pattern 
at SASG represents actual historical spreading volumes.  This Baseline Scenario does 
not include any additional imported water applied at SASG.  The average of 543 ac-ft 
per year of “other” spreading includes the Thompson Creek, Pedley, and Live Oak 
Spreading Grounds. 

Figure 2-8
Annual Areal and Boundary Recharge – Baseline Scenario
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Production 
The production simulated in the Baseline Scenario is based on the production patterns 
described in Section 2.3.4.  The annual production input indicates a target total annual 
production of 20,500 ac-ft per year.  This level of production, developed after many 
model simulations, is approximately 1,000 ac-ft per year higher than the long-term 
safe yield of the Six Basins Area; however, it results in an actual average annual 
pumping slightly below the safe yield value as illustrated in Figure 2-9.  This 
difference in modeled values results from the inability of certain wells to pump when 
water levels fall below screen interval specified in the model.  The additional 
production of 1,000 ac-ft per year was assigned to the lower portion of the Pomona 
Basin to augment the initial level of production assigned to this basin based on the 
pumping information provided by individual water agencies.  Additional pumping 
from this portion of the basin would also minimize sub-surface flows out of the 
Pomona Basin into the Spadra Basin. 

Figure 2-9
Annual Production in the Six Basins Area - Baseline Scenario
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Figure 2-9 indicates the variations in production rates over the 45-year study period 
from just under 14,500 ac-ft per year to a high of over 25,000 ac-ft per year.  These 
variations in production patterns reflect actual levels of production in the Six Basins 
Area under various hydrologic conditions.  As previously indicated, the variations in 
production are related to increasing or declining water levels at the Monitoring Well 
No. 2 and at the Berkeley Well.  Average production for the 45-year study period was 
calculated at 19,236 ac-ft per year. 

Rising Water and Sub-Surface Flows 
Simulation results were also analyzed to assess potential rising water conditions.  
Rising water summaries have been developed for different zones within the model 
domain.  North of the Indian Hill Fault, the Baseline Scenario yields five rising water 
periods with durations of 1 to 2 years.  The volume of rising water during these 
events ranges from 2 to 231 ac-ft per year and is illustrated in Figure 2-10.  Rising 
water in the Pomona Basin was not reported under the Baseline Scenario as water 
levels did not reach the ground surface.  However, it should be noted that modeled 
groundwater levels were close to the surface in the Martin Cienega area.  Given that 
actual water levels in this area were within 30 feet of calibrated levels in the model, 
there is a probability that rising water would occur in this area during years with 
significantly above average spreading, like in 2005. 

Figure 2-10
Rising Water in the Six Basins Area - Baseline Scenario
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Sub-Surface Flows 
Table 2-3 indicates a significant, annual discharge of rising water attributed to the 
Ganesha basin and in the southwest portion of the model domain (lower portion of 
the Pomona Basin).  While these outflows are tabulated as sub-surface outflows since 
they leave the modeled area, there is ambiguity as to the actual outflow mechanism 
for this water in the basins.  Due to lack of data, the relative development of these 
areas of the model is poor as compared to the rest of the model.  CDM believes that 
some of this simulated rising water flow may actually be outflow from the model 
domain to other basins.  This outflow may be over or through the San Jose Fault to the 
Chino Basin or flow into the Spadra Basin.  Over the entire simulation, average 
outflows from the Ganesha basin and the southwest portion of the model are 272 
and 214 ac-ft per year respectively.  A comparison between sub-surface flows in these 
two areas to groundwater production and water levels indicates that sub-surface 
flows increase when water levels are high in the Six Basins Area.  Figure 2-11 
illustrates the relationship between subsurface outflows and annual production in the 
Six Basins Area. 

Figure 2-11
Sub-Surface Flows out of the Pomona and Ganesha Basins - Baseline Scenario
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Flow into Chino Basin 
These values represent flow over and through the San Jose Fault into the Chino Basin.  
In the Baseline Scenario, outflow to the Chino Basin is relatively constant and ranges 
from approximately 1,060 ac-ft per year to 1,890 ac-ft per year with an average 
of 1,420 ac-ft per year.  Outflow to the Chino Basin are directly proportional to water 
levels as shown in Figure 2-12 below. 

Change in Basin Storage 
Over the entire 45 year simulation, the average change in storage is a net decrease 
of 46 ac-ft per year in storage.  During this simulation there are periods of increase 
and decrease in storage as shown in Figure 2-13.  The range of storage changes from 
an increase of approximately 33,000 ac-ft per year in Years 19 and 34 to a loss of 
approximately 17,000 ac-ft per year in Year 40. 

 

Figure 2-12
Sub-Surface Flows into Chino Basin-Baseline Scenario
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Figure 2-13
Change in Storage-Baseline Scenario
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Section 3 
Basin Management Scenarios 
The purpose of this section is to describe the Four Basin Management Scenarios that 
were evaluated as part of this study.  The first scenario focuses on additional facilities 
and operational changes that need to be implemented to reduce or eliminate the 
potential for rising water to occur as a result of spreading of local surface water 
during years of significantly above average precipitation.  This scenario does not 
consider the use of imported water to recharge the SASG. 

The other three scenarios consider different levels of imported water use for 
spreading at the SASG with corresponding increases in production to withdraw the 
water either for use within the Six Basins Area or for delivery to other portions of the 
TVMWD’s service area.  These scenarios focus on the additional extraction and 
transmission facilities that need to be constructed and the operational changes in 
basin operations that need to be implemented to take advantage of the ability to 
storea dn use imported water while still minimizing the potential for rising water to 
occur. 

This section presents a description of the scenarios considered, the facilities identified 
to increase groundwater extractions, and the operational basin parameters to reduce 
or minimize the occurrence of rising water in the Six Basins Area. 

3.1 No Imported Water Spreading Scenario 
3.1.1 Description 
Under this scenario, the historical pattern of local surface water spreading at the San 
Antonio and Thompson Creek spreading grounds was used over the 45 year 
simulation period.  An average of approximately 5,900 ac-ft per year of imported 
water were spread under this scenario.  Similar to the Baseline Scenario, production 
from individual wells above the Indian Hill Fault was increased or decreased based 
on water levels at the Monitoring Well No. 2; production south of the fault, was 
adjusted in similar fashion based on water levels at the Berkeley Well.  This scenario 
also considered additional production in the southwestern portion of the Pomona 
Basin to lower water levels in that area and reduce the amount of water that exits the 
modeled area as described in the Baseline Scenario. 

3.1.2 Facility Requirements 
This scenario depends primarily on the use of existing production wells and changes 
on the operations of the SASG to reduce or eliminate the potential for rising water in 
the Six Basins Area.  It is assumed that all additional production from local existing 
wells would be used by their respective water purveyors. 
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Under this scenario, a number of existing wells above the Indian Hill Fault have been 
identified as wells that could be used to increase production to reduce or eliminate the 
potential for rising water in the historical high rising water areas along Padua Avenue 
and at Greensboro Court in the Claremont Basins.  These wells are listed below. 

To reduce the potential for rising water in the Martin Cienega in the northern portion 
of the Pomona Basin, the existing Berkeley Well and Harrison Home No. 2 have been 
identified as two wells whose production could be increased to lower water levels in 
the area. 

The need for additional production from the southwestern portion of the Pomona 
Basin has also been identified in this scenario as significant amounts of water could 
leave this basin due the lack of pumping in the area.  Three new wells have been 
identified in that area to extract an average of 1,000 ac-ft of groundwater per year.  It 
is anticipated that extraction from these wells may exceed the current maximum 
contaminant levels of 45 mg/l for nitrate; however, it has been assumed that the 
production from these wells would be conveyed to the Pomona-Roland-Walnut 
feeder for in-line blending.  This is highly attainable considering the low nitrate levels 
in the State Water Project water and minimum flows carried by this pipeline. 

3.1.3 Basin Operating Parameters 
This scenario is target at further control of rising water that would otherwise occur at 
the historical high rising water areas along Padua Avenue and at Greensboro Court in 
the Claremont Basins and at the Martin Cienegas in the Pomona Basin under normal 
operating conditions.  A number of operational changes were investigated to reduce 
or eliminate rising water from these areas.  Several operational parameters were 
identified under this scenario.  They are as follows: 

 Begin increasing groundwater production at the six wells listed above when 
water level elevation at MW-2 reach 1,300 ft.  Augment production as water 
level elevation continues to increase up to 1,350 ft.  At 1,350 ft elevation, 
pump the maximum possible from the identified wells. 

 Increase production at the Berkeley and Harrison Home No. 2 in the Pomona 
Basin to the maximum possible if water levels at Berkeley No. 2 exceed 1,100 
ft in elevation. 

 Stop spreading of local surface water at the San Antonio Spreading Grounds 
when water level elevation at the MW-2 reach 1,375 ft. 

 Maintain production at a rate of 1,000 ac-ft per year over current production 
amounts in the southwestern portion of the Pomona Basin. 

 West End No. 3  Mountain View No. 1 
 West End No. 4  Mountain View No. 4 
 Marlboro No. 1  Tunnel Wells 
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It should be noted that the above recommendations need to take into consideration 
other parameters before they are implemented.  For instance, if the trigger levels at 
MW-2 and Berkeley wells are reached in the beginning of the spreading season, 
increase in pumping would be more critical than if those levels are reached in late 
May or early June.  At this time in the year, the decisions to increase production or 
stop spreading may be less critical. 

3.2 Spreading of Imported Water Scenarios 
3.2.1 Description 
The use of imported water to supplement local surface water spreading at the SASG 
would substantially increase the availability of groundwater to the different agencies 
in the Six Basins Area and help reduce periods of significantly declining water levels 
during below average hydrologic cycles.  Spreading imported water would allow the 
Watermaster to implement a conjunctive use program through which imported water 
is spread during periods of relative availability for extraction during the summer 
months or in subsequent years.  Three different levels of imported water were 
considered and evaluated as part of this study. 

Low Use of Imported Water Spreading.  This scenario considers the annual 
spreading of 5,000 ac-ft of imported water in addition to the normal spreading of local 
surface water simulated under Baseline Conditions.  Spreading of imported water is 
fixed at 5,000 ac-ft per year under this scenario.  This scenario was conducted to 
simulate the anticipated level of spreading that TVMWD is currently considered and 
described in the San Antonio Spreading Grounds Conjunctive Use Project. 

Mid Use of Imported Water Spreading.  The amount of imported water spread 
under this scenario varies from year to year depending on water levels at MW-2.  The 
operational parameters that regulate spreading are presented in Section 3.2.2.  Under 
this scenario a long term average of 8,200 ac-ft per year of imported water were 
spread at the SASG.  Annual spreading of imported water ranges from less than 1,000 
ac-ft when water levels are high and as much as 12,000 ac-ft when water levels are 
low. 

High Use of Imported Water Spreading.  This scenario is very aggressive on the 
spreading of imported water at the SASG.  Under this scenario an average of 11,600 
ac-ft of imported water are spread every year with a maximum of 15,000 ac-ft in any 
given year. 

3.2.2 Facility Requirements 
The facility requirements to accommodate imported water recharge while still being 
able to reduce or eliminate the potential for rising water conditions in the Six Basins 
Area is basically the same for all scenarios.  However, the scenarios differ on a) how 
the facilities are used to recover stored imported water and mitigate rising water and 
b) in the different basin operating parameters for pumping and spreading as 
described under Section 3.2.3. 
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To recover stored water and reduce or eliminate the potential for rising water in the 
Six Basins Area, three areas of extraction have been identified as illustrated in 
Figure 3-1.  Area 1 is identified as the area directly south of the SASG.  In this area, the 
need for six new pumping wells in an east-west line along or north of Baseline Road 
has been identified.  While these six wells represent new installations, it is assumed 
that three existing wells (College No. 1, West End No. 3 and West End No. 4) would 
be replaced with three of these new wells and be strategically located to maximize 
capture of spread water.  The information on the replacement of the three existing 
wells was provided by their respective agencies as the City of Upland plans to replace 
the West End wells within the next five years, and a replacement for College No. 1 
would be constructed as this well is in the middle of a proposed development.  It has 
been assumed that each well will be capable of producing an average of 1,500 gpm 
and a maximum of 180 ac-ft a month.  However, monthly production was varied at 
the Area 1 wells to approximate seasonal demands.  Each of the Area 1 wells would 
pump 60 ac-ft per month from October through April; 120 ac-ft per month in May and 
September; and 180 ac-ft per month in June, July, and August for a total annual 
production of 1,200 ac-ft per well. 

Additional facilities in this area include the construction of a 30 inch diameter line 
from the intersection of Baseline Road and Benson Avenue where it would tie to the 
Benson Feeder from the WFA/JPA water treatment plant, and along Baseline Road or 
parallel to it in the SASG, to Padua Avenue and then north to Miramar Avenue where 
it would tie to TVMWD’s Miramar Pipeline.  The construction of this pipeline would 
enable the Watermaster and TVMWD to use the extracted water for delivery to 
outside agencies if local agencies could not take the additional supplies.  The 
approximate length of this pipeline is 11,000 ft. 

Area 2 is defined as the vicinity of the Martin Cienega.  To recover stored water and 
reduce or eliminate the potential for rising water in that area the need for three 
additional wells has been identified.  It has been assumed that these wells would be 
capable of producing an average of 700 gpm each.  It has been assumed that Golden 
State Water Company may not be able to take all the additional production from these 
wells; therefore, the need for additional transmission facilities to convey the pumped 
water to TVMWD’s Miramar Pipeline has been identified as depicted in Figure 3-1.  
The transmission facilities to convey groundwater produced in the Martin Cienegas 
area to the Miramar Pipeline would consist of a combination of 8, 12, and 16 inch 
diameter pipeline totaling approximately 15,000 ft.  Production from the three 
proposed wells would be manifold into a single line that could run along Harrison 
Avenue west to the vicinity of Thompson Creek channel where it would connect to 
the Miramar Pipeline. 
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It is anticipated that production from Area 2 would require treatment for the removal 
of volatile organic compounds.  It has been assumed that granular activated carbon 
would be used to remove these compounds from the groundwater.  High nitrate 
concentrations are also an issue of concern in this portion of the basin.  It has been 
assumed that nitrate would be blended either locally or at the PWR Pipeline as 
discussed under the Baseline Scenario.  Hence no nitrate removal facilities have been 
identified. 

Area 3 is defined as the southern portion of the Pomona Basin in the vicinity of the 
Los Angeles County Fairgrounds.  Similar to the No Imported Water Spreading 
Scenario, the imported water alternatives require additional extraction from this 
portion of the Pomona Basin.  Production from these wells would be conveyed to the 
Pomona-Roland-Walnut regional pipeline as depicted in Figure 3-1.  Transmission 
facilities would consist of a combination of 8, 12, and 16 inch diameter pipeline 
totaling approximately 10,000 ft.  For purpose of this report, transmission facilities 
have been identified along White Avenue from McKinley Avenue to Arrow Highway 
and then to the PWR pipeline in the vicinity of Fairplex Drive. 

Similar to Area 2, it has been assumed that production from Area 3 would require the 
construction of GAC facilities to remove volatile organic compounds from the 
groundwater.  In line blending of nitrate has been assumed in the PWR Pipeline. 

3.2.3 Basin Operating Parameters 
The spreading of various amounts of imported water under the three imported water 
scenarios would increase the ability of Watermaster to conjunctively use the Six 
Basins Area; however, it must be coupled with the use of the additional facilities 
described in the previous sections to augment extractions and carefully managed 
basin operations to avoid increasing the potential of rising water.  Rising water areas 
of concern include the historical high rising water areas along Padua Avenue and at 
Greensboro Court in the Claremont Basins and at the Martin and Palomares Cienegas 
in the Pomona Basin. 

A number of operational changes to basin operations were investigated to spread 
imported water in the SASG, recover stored water, and reduce or eliminate rising 
water from the three areas identified in Figure 3-1. 

Area 1 Wells 
Low and Mid Use of Imported Water Spreading Scenarios 

 Maintain the monthly production pattern in these wells when water levels at 
MW-2 are below 1,300 ft in elevation. 
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 Gradually increase monthly production in these wells up to 25 percent when 
water levels at MW-2 increase from 1,300 ft to 1,350 ft in elevation.  The 
increase in monthly production is only applicable over the nine-month period 
between September and May as these wells would pump near their 
maximum capacity during the summer months. 

 Operate Area 1 wells continuously when water levels at MW-2 exceed the 
1,350 ft elevation until water levels recede below this elevation.  At that time 
continue pumping activities as delineated in the two previous bullets. 

High Use of Imported Water Spreading Scenario 
 Operate these wells continuously to maintain water levels at MW-2 below 

the 1,350 ft elevation. 

Area 2 Wells 
All Imported Water Spreading Scenarios 

 Increase production at the Berkeley and Harrison Home No. 2 wells when 
water level elevation at the Berkeley Well exceed 1,100 ft. 

 Produce an average of 300 ac-ft from three new wells identified in this area 
when water level elevation at Berkeley Well exceed 1,100 ft. 

It should be noted that stratigraphy of this area of the basin is not well understood at 
this time as some of the rising water conditions may be related to perched conditions.  
This should be taken into consideration during the design of proposed production 
facilities in the area. 

Area 3 Wells 
All Imported Water Spreading Scenarios 

 Increase production from the southern portion of the Pomona Basin by 1,000 
ac-ft per year to maintain adequate water levels in the area.  This could be 
accomplished by existing wells or new wells as depicted in Figure 3-1. 

Spreading of Local Surface Water at SASG 
All Imported Water Spreading Scenarios 

 Maximize spreading of local surface water as long as water level elevation at 
MW-2 is below 1,375 ft. 

Spreading of Imported Water at SASG 
Low Use of Imported Water Spreading Scenario 

 Spread a maximum of 5,000 ac-ft per year at the SASG when water level 
elevation at MW-2 is below 1,375 ft. 
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Mid and High Use of Imported Water Spreading Scenarios 
 Do not spread when water level elevation at MW-2 exceeds 1,375 ft. 

 Increase spreading linearly up to 15,000 ac-ft per year proportionally to water 
level declines at MW-2 from 1,375 ft to 1,275 ft. 

 Maintain spreading of 15,000 ac-ft per year when water level elevation at 
MW-2 is below 1,275 ft. 

It should be noted that the above recommendations need to take into consideration 
other parameters before they are implemented.  For instance, if the trigger levels at 
MW-2 and Berkeley wells are reached in the beginning of the spreading season, 
increase in pumping would be more critical than if those levels are reached in late 
May or early June.  At this time in the year, the decisions to increase production or 
stop spreading may be less critical. 
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Section 4 
Comparison of Basin Management 
Scenarios 
 
4.1 Introduction 
As presented in Section 2, future Baseline conditions within the Six Basins Area 
assumed to represent current purveyor water supply plans and application of the Six 
Basins Adjudication terms, coupled with local hydrologic conditions similar to long-
term historical patterns would be expected to have the following overall results: 

 Water levels and water in storage in the overall Six Basins Area would 
fluctuate significantly in response to local hydrology, but would ultimately 
not result in any long-term significant changes. 

 Long-term production would average approximately 300 ac-ft per year, 
below the Judgment Safe Yield of 19,300 ac-ft per year, largely due to periods 
when water levels dropped so low that some wells could not produce water 
due to the low levels (or, conversely, some wells would be reduced in 
pumping capacity due to lower levels). 

 There would still be the potential for significant rising water to occur in 
certain critical areas of the basin during a limited number of years following 
exceptionally high runoff and infiltration years. 

 No advantage would be taken of the basin as a means to provide temporary 
storage of imported water during periods when excess imported water might 
be available and at lower rates in return for increasing production in peak 
periods to recover the water and reduce the need for direct delivery and 
treatment. 

In Section 3, four Basin Management Scenarios were described that address one or 
more of these limitations through various operational changes and capital 
improvements.  The four scenarios include one which focuses only on additional 
facilities and operations that could further reduce or eliminate the potential for rising 
water to occur and optimize basin operations without introducing imported water 
spreading; and three scenarios that incorporate both rising water control and various 
levels of imported water spreading and recovery. 

In this Section, the following information is developed for each Scenario: 

 An assessment of how the groundwater basins would respond under the 
proposed Scenario given the same long-term pattern of natural hydrology as 
examined for the baseline condition. 

 Estimates of the capital costs for the facilities needed to implement the 
Scenario and typical annual operation and maintenance costs. 
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 A brief summary of potential environmental impacts of implementing the 
Scenario.  A much more detailed assessment of the potential environmental 
impacts is presented in Appendix B. 

 A discussion of potential institutional considerations related to implementing 
the Scenario 

 A summary of any pertinent legal issues or potential constraints associated 
with implementing the Scenario 

Each of the four basin management scenarios represents a different approach to 
managing water resources in the Six Basins Area.  All four include an improved 
ability to manage and control groundwater during years of high local rainfall and 
available runoff so as to maximize the long term use of local surface and groundwater 
resources.  The latter three scenarios also incorporate the use of the local groundwater 
basins to temporarily store imported State Project Water in the local groundwater 
basins during periods of higher availability and recover the water during periods of 
high local demand, thereby lowering the demand for direct delivery of State Project 
Water during peak periods. 

Therefore, information is presented in this Section that allows the scenarios to be 
compared with each other and relative to the Baseline scenario and/or the No 
Imported Water Scenario on the basis of the following factors: 

 Control of rising groundwater – the predicted annual quantities of rising 
groundwater when the basin is subject to the same 45-year pattern of local 
hydrology 

 Average annual production – the predicted long-term average groundwater 
production 

 Long term change in basin storage 

 Capital cost investments in new infrastructure 

 Operation and maintenance costs 

 Environmental impacts related to facilities construction and operation 

 Relative differences in institutional ability or constraints to implement the 
proposed facilities and operations 

 Relative differences in legal challenges or constraints to implementing each of 
the scenarios 
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4.2 No Imported Water Scenario 
4.2.1 Groundwater Basin Response 
Under this scenario, imported water is not spread at the SASG.  In order to minimize 
the rising water effects simulated in the Baseline scenario, additional localized 
pumping in the vicinity of the historical rising water areas in the Claremont Basins 
and northern portions of the Pomona Basin was simulated.  Mass balance results for 
this scenario area summarized on a yearly basis and are presented in Table 4-1.  
Annual spreading, pumping, rising water, subsurface flows, flows into the Chino 
Basin and changes in storage are summarized in this table over the simulated 45-year 
hydrologic period.  A description of each of the components listed in the table is 
presented below. 

Rising Water 
In the Baseline Scenario, there are five rising water events.  These events have either a 
one or two year duration.  Figure 4-1 indicates that the volume of rising water under 
the No Imported Water Scenario would be substantially less than Baseline.  Lower 
rising water volumes result from additional pumping in the vicinity of the Claremont 
Cienegas and curtailed spreading at the SASG when water levels at MW-2 exceed 
1,375 ft as described under Section 3.1.3.  The average rising water volume decreases 
from 13 ac-ft in Baseline to 7 ac-ft per year above the Indian Hill Fault. 

In the rising water event of years 35 and 36, there is a combined decrease in total 
volume from 193 ac-ft to 140 ac-ft as shown in Table 4-1 and illustrated in Figure 4-1.  
The decrease in rising water in Year 35 is significant and is due to additional pumping 
in the area; however, rising water conditions worsen in Year 36.  Lower water levels 
in Year 35 result in lower pumping volumes in Year 36 as the amount of pumping in 
any given year is controlled by water levels at MW-2 in the model.  As basin 
production decreases, simulated water levels rise, which results in an increase in 
rising water in Year 36.  In actual operations, pumping could be further optimized to 
further minimize rising water. 

Applied Spreading 
Spreading of local surface water is on the average 147 ac-ft per year lower than in the 
Baseline Scenario.  Most of this reduction occurs in years following significantly above 
average spreading.  Spreading in these years result in water levels at MW-2 above 
the 1,375 ft elevation, at which level spreading is assumed to stop.  For example, in 
Year 24 over 31,000 ac-ft of local surface water was spread while in Year 25 spreading 
was reduced from 2,336 ac-ft (Baseline) to Zero (No Imported Water).  Similarly, 
spreading in Year 37 was reduced by over 98 percent from 4,262 ac-ft to 44 ac-ft. 
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Table 4-1 
No Imported Water Spreading Scenario Annual Mass Balance 
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Groundwater Production 
The reduction in local surface water spreading of 147 ac-ft per year under this 
scenario when compared to Baseline conditions does not impact groundwater 
production.  There is virtually no change in production (19,236 ac-ft to 19,233 ac-ft per 
year) under this scenario as illustrated in Figure 4-2.  The annual change in 
production varies between an increase of almost 700 ac-ft per year to a decrease of just 
over 1,000 ac-ft per year.  Figure 4-3 shows the net change in production from Baseline 
to this scenario. 

The increase in pumping is due to water levels at MW-2 rising above 1,300 ft in 
elevation.  When this occurs, additional pumping from the wells in the vicinity of 
rising water areas results in an overall decrease in water levels at the trigger wells.  
When water levels fall, overall production levels decreases accordingly as production 
rates are linked to water levels at the two trigger wells as described in Section 3.  
Hence, each of the periods of increased production is followed by a period of 
decreased pumping.  Over the entire 45 year simulation, production is essentially the 
same between both of these scenarios.

Figure 4-1
Rising Water – Baseline vs. No Imported Water Scenario
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Figure 4-2
Annual Production Comparison – Baseline vs. No Imported Water Scenario

Figure 4-3
Net Production Increase/Decrease – Baseline vs. No Imported Water Scenario
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Other Impacts 
Significant reductions are observed in average outflows over the entire simulated 
period to the Chino Basin (from 1,420 ac-ft to 1,398 ac-ft per year), outflows in the 
southwestern portion of the Pomona Basin (from 214 ac-ft to 185 ac-ft per year), and 
in overall change in storage (from -46 ac-ft to -113 ac-ft per year) as illustrated in 
Table 4-1.  Annual differences between Baseline conditions and this scenario can be 
observed by comparing this table against Table 2-3 in Section 2. 

4.2.2 Capital Cost Requirements 
Under this Scenario, there would be no new facilities constructed as additional 
production at localized areas would take place using existing facilities.  Therefore, 
there is no new capital cost between this scenario compared to Baseline conditions. 

4.2.3 Operational Cost 
The primary economic difference between this Scenario and the Baseline condition is 
the difference in pumping energy cost.  To assess this difference, the monthly 
production and water level for each well over the 45-year study period were used to 
calculate an overall weighted average production price per ac-ft over the entire Six 
Basins Area.  The following generalized assumptions were made in calculating the 
average production cost: 

 Cost of Energy: $0.10 per kwh 

 Average drawdown during pumping: 50 ft 

 Average discharge head above ground surface elevation: 200 ft 

 Average pump efficiency: 70 percent 

Using these parameters, the average production cost for this Scenario was calculated 
at $69.00 per ac-ft.  This figure is virtually identical to the value calculated for the 
Baseline condition as water levels are very similar. 

4.2.4 Summary of Environmental Impacts 
Under this Scenario, there would be no new facilities constructed.  The primary 
difference between this Scenario and the Baseline condition would be additional 
production from existing local wells both in the Claremont Heights Basin and the 
Pomona Basin.  This would require further coordination between the Watermaster 
and local purveyors that own wells that could be used for additional production as 
discussed below.  Because there are no new facilities proposed, and only limited 
modifications to existing pumping patterns, no potentially significant environmental 
impacts are anticipated. 
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4.2.5 Institutional Issues 
The additional production contemplated under this Scenario relies on additional 
production at key wells by several water purveyors under certain specific conditions.  
These conditions would occur during and/or after periods when large quantities of 
local (replenishment) water have been spread and basin water levels reach or exceed 
trigger points as described in Section 3.  The specific purveyors targeted for 
supplemental production include the following GSWC, the City of Pomona, and the 
City of Upland. 

Since the plan envisions that water would be produced and utilized locally by the 
individual water purveyors, no new or significantly different institutional 
arrangements would be needed to allow the additional production.  The primary 
concern for this Scenario is the mechanism under which the local purveyors would be 
encouraged or directed to increase pumping in those selected locations during the 
periods when such production is desired.  To the extent that any additional 
production needed to control high groundwater levels can readily be accommodated 
by the individual purveyor without significantly increased costs, and without 
exceeding any purveyor’s share of the annual Operating Safe Yield, it is expected that 
the needed production would be increased at the targeted wells voluntarily.  
However, it is possible under certain conditions, one or more of the purveyors with 
wells from which additional production is desired might have limitations on excess 
production for reasons such as: 

 The additional production would cause the purveyor to exceed its share of 
annual Operating Safe Yield 

 The additional target production from specific wells would create an 
abnormal cost burden compared to the purveyor’s normal supply pattern to 
meet distribution of monthly demands 

These issues are discussed further under Legal/Judgment Considerations. 

4.2.6 Legal/Judgment Considerations 
The simplest approach to encouraging additional production from targeted areas to 
control rising water without penalizing those purveyors who would be asked to 
produce additional water is for Watermaster to declare a Temporary Surplus of 
groundwater to be available for production under Section VI.B. 12 of the Judgment.  
Under this provision, Watermaster declares a total additional quantity that can be 
produced for a given period of time, to be divided among all of the parties in the same 
percentages as the Base Annual Production Right bears to the Operating Safe Yield.  
However, under this condition, a Party’s rights to temporary surplus shall not be 
eligible for the accrual of Carryover Rights.  Thus the temporary surplus applies only 
for a period established by Watermaster, and is only used to encourage additional 
production during that period.  This condition was declared in 2005 following the 
exceptionally wet winter and high quantities of spreading and the rapid rise is 
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groundwater levels below the SASG and that allowed producers to significantly 
increase production in the desired areas. 

While this condition does not compel the key purveyors to maximize production in 
the selected areas, it was generally effective in assisting with encouraging additional 
production and lowering water levels over the past year.  Further discussion at 
Watermaster may be warranted as to the effectiveness of coupling this essentially 
voluntary approach, with directed pumping to accomplish the necessary production.  
A corollary consideration would occur if the desired production would result in a 
significant disproportionate cost to any water purveyor as a result of directing 
pumping to specific wells during certain periods of the year.  While possible, it is 
unlikely that the additional production desired from the indicated wells would 
significantly increase any individual producer’s costs, provided the limitation and 
potential cost implications of exceeding the Operating Safe Yield is temporarily lifted 
as discussed above. 

4.3 Imported Water Scenarios 
In Section 3, three different levels of imported water use for spreading at the SASG an 
subsequent recovery through increased production were presented.  These scenarios 
are briefly summarized as follows 

 Low Use of Imported Water for Spreading.  This scenario considered 
spreading 5,000 ac-ft of imported water per year every year. 

 Moderate Use of Imported Water for Spreading.  Spreading of imported 
water is varied in this scenario based on water levels at MW-2 up to a 
maximum of approximately 12,000 ac-ft per year. 

 High Use of Imported Water for Spreading.  Spreading of imported water is 
maximized under this scenario to spread a maximum of up to 15,000 ac-ft per 
year based on water levels at MW-2. 

Section 3 also identified the need for additional extraction facilities at three different 
locations in the Six Basins Area as shown in Figure 3-1.  The facilities identified to 
accommodate imported water recharge, while still being able to reduce or eliminate 
the potential for rising water conditions in the Six Basins Area, are basically the same 
for all scenarios.  However, the scenarios differ on 1) how the facilities are used to 
recover stored imported water and mitigate rising water; and 2) in the different basin 
operating parameters for pumping and spreading as described under Section 3.2.3. 
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4.3.1 Groundwater Basin Response 
Under these three scenarios, different levels of imported water were simulated at the 
SASG.  Table 4-2 summarizes the basin response for each of these scenarios and 
compares them against the No Imported Water Scenario.  Tables 4-3, 4-4, and 4-5 
provide the annual details for the Low, Moderate, and High Use of Imported Water 
Spreading scenarios respectively.  Annual spreading, pumping, rising water, 
subsurface flows, flows into the Chino Basin and changes in storage are summarized 
in these tables.  A comparison of each of the components against the No Imported 
Water Spreading Scenario is presented below. 

Table 4-2 
Summary of Basin Response for All Scenarios 
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Table 4-3 
Low Use of Imported Water Spreading Scenario - Annual Mass Balance 
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Table 4-4 
Moderate Use of Imported Water Spreading Scenario - Annual Mass Balance 
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Table 4-5 
High Use of Imported Water Spreading Scenario - Annual Mass Balance 
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Rising Water 
The proposed extraction facilities for the implementation of the imported water 
scenarios were identified in Section 3.2.2 for three distinct areas in the Six Basins Area.  
The use of the recommended extraction facilities, coupled with the water level 
triggers established for spreading and pumping, resulted in rising water volumes 
similar to those observed under the No Imported Water Spreading Scenario and 
lower than in the  Baseline conditions.  In addition, the magnitude of individual rising 
water periods in any given year was virtually the same for all three scenarios. 

Water Levels at Trigger Wells 
Monitoring Well No. 2 (MW-2) and GSWC’s Berkeley Well were used in the model as 
the trigger wells to regulate spreading at the SASG and pumping above and below 
the Indian Hill Fault.  Basin Operating Parameters under the different scenarios were 
derived from observations of water levels at these two wells.  Water level fluctuations 
for these two wells are depicted in Figures 4-4 and 4-5 respectively. 

Groundwater elevations at MW-2 remained primarily within the upper (1,350 ft) and 
lower (1,250 ft) bounds of the trigger levels for the Moderate and High Use of 
Imported Water scenarios.  Spreading of imported water was increased in the model 
as water levels at MW-2 approached the 1,250 ft elevation while production above the 
Indian Hill Fault decreased towards 75 percent of normal; conversely, production 
increased (up to 125 percent of normal) and spreading decreased as water levels near 
the 1,350 ft elevation.  Maintaining water levels within these ranges under these two 
scenarios resulted in a more uniform production pattern over the 45-Year analysis 
when compared to the other two scenarios; this is further discussed under 
Groundwater Production later in this section. 

Water levels under the No Imported Water and Low Use scenarios, remained below 
the 1,250 ft elevation over significant periods.  The prolonged and intuitively 
abnormal decline below the 1,250 ft elevation under the Low Use Scenario resulted 
from very low spreading of local water during those periods.  For example, in Years 1 
through 6, local surface water was spread in only one of those years in which less 
than 2,500 ac-ft were spread at the SASG.  As water levels declined below the 1,250 ft 
elevation, production was maintained at 75 percent of normal in the model which 
resulted in further declines in water levels. 

Additional groundwater production from Area 2 dewatering wells in the vicinity of 
the Martin Cienega, activated when water levels at the Berkeley Well reach 1,100 ft in 
elevation, have a significant impact on water levels at this well as illustrated in 
Figure 4-5 above.  Water levels at this location are also impacted by fluctuations in 
production in the Pomona Basin as water levels fluctuate between the lower (1,050 ft) 
and upper (1,150 ft) trigger values at this well.  While these rapid fluctuations in 
monthly levels may not actually occur, annualized trends represent long term water 
level trends in this portion of the Pomona Basin.
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Figure 4-4
Groundwater Elevations at Monitoring Well No. 2 – All Scenarios

Figure 4-5
Groundwater Elevations at Berkeley Well – All Scenarios
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Applied Spreading 
Spreading of local surface water under the imported water scenarios was 78 ac-ft per 
year to 165 ac-ft per year higher than the No Imported Water Spreading Scenario and 
very close to that observed in the Baseline conditions.  Additional pumping in the 
basin, resulting from added spreading of imported water when compared to the No 
Imported Water Spreading Scenario, allowed for additional spreading of local surface 
water. 

Spreading of imported water varied significantly between the Imported Water 
Scenarios as illustrated in Figure 4-6.  Under the Low Use Scenario, spreading of 
imported water was held constant at 5,000 ac-ft per year over the 45-year analysis as 
water levels were not taken into consideration.  Conversely, spreading under the 
Moderate Use and High Use scenarios was linked to water levels at MW-2.  Spreading 
of imported water was reduced as water levels rose and increased as water levels 
declined at MW-2. 

Under the Moderate Use Scenario, spreading of imported water ranged from less than 
1,000 ac-ft in Year 35 to over 12,000 ac-ft in years 6 and 44.  Spreading of imported 
water exceeded 10,000 ac-ft per year in 17 of the 45 years in the analysis and averaged 
7,875 ac-ft per year.  Average spreading of imported water was 57 percent higher 
under this scenario when compared to the Low Use Scenario. 

Figure 4-6
Annual Spreading of Imported Water - Low, Moderate, and High Use Scenarios
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Spreading of imported water under the High Use Scenario was significantly more 
aggressive than in the two other imported water scenarios.  Average annual 
spreading was 230 percent higher than the Low Use Scenario at 11,565 ac-ft per year.  
Spreading ranged from less than 1,000 ac-ft per year in Year 35, as in the Moderate 
Use Scenario, and reached a maximum of 15,000 ac-ft per year during five periods 
over the 45-year simulation.  Spreading of imported water exceeded 10,000 ac-ft per 
year in 33 of the 45 years or 73 percent of the time and over 14,000 ac-ft per year in 24 
of the 45 years or 53 percent of the time. 

Groundwater Production 
Overall groundwater production from the Six Basins Area is significantly higher than 
under the No Imported Water Scenario as illustrated in Figure 4-7.  Under the Low 
Use Scenario, total production ranges from just over 20,000 ac-ft per year to almost 
33,000 ac-ft per year and averaged 24,213 ac-ft per year.  This average is 4,980 ac-ft per 
year higher than under the No Imported Scenario.  Production exceeds 25,000 ac-ft 
per year in 17 of the 45-Year analysis or 38 percent of the time and 30,000 ac-ft per 
year in five of those years. 

Figure 4-7
Total Production - All Scenarios
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Under the Moderate Use Scenario, average production increases to 26,478 ac-ft per 
year reflecting additional spreading of imported water.  Annual production ranges 
from approximately 22,700 ac-ft to over 32,600 ac-ft exceeding 25,000 ac-ft per year 
in 24 of the 45 years or 53 percent of the time and 30,000 ac-ft per year in seven of 
those years.  In addition, production, as a percentage of average pumping, ranges 
from 86 to 123 percent of average.  This range of production is smaller than under the 
Low Use Scenario indicating a more uniform production level over the 45-year 
analysis. 

Under the High Use Scenario, average production increases to 30,001 ac-ft per year as 
a result of more aggressive spreading.  Annual production ranges from over 26,300 
ac-ft to approximately 35,000 ac-ft exceeding 30,000 ac-ft per year in 20 of the 45 years 
or 44 percent of the time.  Production, as a percentage of average pumping, ranges 
from 88 to 116 percent of average indicating an even more uniform production level 
when compared to the other two imported water spreading scenarios. 

However, to fully assess the impact of imported water spreading on production, they 
must both be compared while taking into consideration the differences in basin 
storage.  Table 4-6 illustrates this comparison.  Under the Low Use Scenario total 
production is higher than imported water spreading by 1.6 percent as losses from the 
modeled area were relatively slightly lower than under the No Spreading Scenario as 
illustrated in Table 4-2.  It should be noted that while absolute losses from the 
modeled area were higher for this scenario; relative losses were lower. 

Pumping amounts under the Moderate and High Use scenarios are lower than the 
amount of imported water spreading by 0.4 and 1.9 percent respectively.  Lower 
production levels result from slightly increased losses from the modeled area in the 
form of sub-surface losses in the Ganesha Basin, the Southern portion of the Pomona 
Basin, and across the San Jose Fault to the Chino Basin (See Table 4-2).  Sub-surface 
flows to the Chino Basin for all three scenarios are illustrated in Figure 4-8. 

Table 4-6 
Comparison of Imported Water Spreading vs. Additional Pumping (ac-ft) – All Scenarios 
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Change in Storage 
Table 4-2 indicates that simulated storage in the basin would increase under the 
Moderate Use and High Use Scenarios to a maximum of approximately 484 ac-ft per 
year under the Moderate Use Scenario.  Long-term storage increase is slightly less 
under the High Use Scenario due to higher water levels and slightly larger losses from 
the modeled area.  Higher losses in the modeled area, as shown in Table 4-2, in the 
form of subsurface flows out of the modeled area in the Ganesha and Southwestern 
portion of the Pomona Basin; and flows across the San Jose Fault to the Chino Basin, 
are larger for these two scenarios when compared to the Low Use Scenario. 

4.3.2 Capital Cost Requirements 
Section 3 indicated that the facility requirements for all three imported water 
scenarios are esentially the same; however, the basin parameters governing their 
operation and the amount of water extracted are different. The facilities requirements 
are summarized as follows: 

Area 1 Facilities 
 Six Production Wells – 1,500 gpm each 

 11,500 ft of Pipelines 

Figure 4-8
Sub-Surface Flows to the Chino Basin - All Scenarios
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Area 2 Facilities 
 Three Production Wells – 700 gpm each 
 15,500 ft of Pipelines 
 2,100 gpm Granular Activated Carbon Plant 

Area 3 Facilities 
 Three Production Wells – 700 gpm each 
 8,000 ft of Pipelines 
 2,100 gpm Granular Activated Carbon Plant 

Unit Construction Cost 
The following unit construction costs were used: 

 Production Wells:   $ 1,000,000  per well 
 Pipelines:   $ 12.00 per diameter-inch 
 GAC Plant:   $ 800 per gpm of treatment capacity 

The above costs were based on current construction prices for similar facilities.  A 
contingency of 25 percent was added to the unit cost to cover miscellaneous cost and 
unknown field design conditions.  In addition, 15 percent was added to the cost for 
engineering services during design and construction.  Table 4-7 summarizes the total 
construction cost and capital requirements for the required facilities.  Total 
construction cost was estimated at 23.2 million dollars and total capital at 32.5 million 
dollars. 

Capital Cost Funding and Amortization 
The amortized annual cost to fund the recommended facilities was estimated based 
on a 30-year municipal bond earning an interest of six percent annually for half of the 
$32,500,000 project.  TVMWD is currently seeking matching federal funds to 
implement the project that would provide up to half of the capital cost of the project, 
therefore, the amortized cost for the $16,250,000 portion of the cost that would be 
funded through the municipal bond was estimated at $1,180,000 per year. 

Table 4-3 indicates that an additional 5,096 ac-ft of water would be able to be stored 
and recovered per year under the Low Use Scenario, 7,843 ac-ft per year for the 
Moderate Use Scenario, and 11,350 ac-ft per year for the High Use Scenario.  Using 
these figures, the unit cost of additional production to recover the amortized capital 
cost for each of the scenarios was calculated as follows: 

 Low Imported Water Use Scenario:  $ 231.66 
 Moderate Imported Water Use Scenario: $ 150.52 
 High Imported Water Use Scenario:  $ 104.01 
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4.3.3 Operational Cost 
The following operational costs were considered as part of this evaluation: 

Cost of Imported Water for Spreading.  This cost was based on purchasing 
replenishment water from MWD at $238 per ac-ft (effective 2006-07).

Table 4-7 
Estimated Construction Cost 
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Pumping Energy Cost. To determine the average energy cost for each scenario, 
monthly simulated pumping heads and production amounts for all wells were used 
over the 45-year analysis.  Initial simulated pumping heads were extracted from the 
model; additional heads were added to account for pumping drawdown (50 feet) and 
discharge head above ground surface (200 ft).  In addition, an average pumping 
efficiency of 70 percent is used for all the wells.  The unit price for energy varies 
significantly depending on the energy schedule chosen by water purveyors for 
individual wells and the time of the year pumping occurred.  The cost of energy also 
includes provisions for base rates, time related charges, and additional penalties 
depending on the time of use.  Energy price per kwh varies from $0.03 to over $0.15 
depending on the above factors.  An average price of $0.10 per kwh was used for this 
analysis.  Based on the above considerations, the pumping energy cost for all 
imported water scenarios was as follows: 

 Low Imported Water Use Scenario:  $ 68.87 per ac-ft 
 Moderate Imported Water Use Scenario: $ 69.14 per ac-ft 
 High Imported Water Use Scenario:  $ 70.09 per ac-ft 

These prices are slightly higher than the cost of $67.29 calculated for the No Imported 
Water Scenario; this is due to lower average pumping levels under the Imported 
Water Scenarios.  While this may seem counter-intuitive as higher water levels would 
be expected under the Imported Water Scenarios, additional pumping to recover the 
stored water was significantly higher and resulted in lower water levels overall. 

Well Operations and Maintenance Cost.  A cost of $20.00 per ac-ft of additional 
production has been assumed to cover operation and maintenance cost.  

Spreading Operations Cost.  The Feasibility Study of Imported Water Spreading at 
SASG, conducted in 2005 by Bookman Edmonston for TVMWD estimated the cost of 
spreading imported water at the southern portion of the spreading grounds at 
approximately $60,000 for a 5,000 ac-ft per year program or $12.00 per ac-ft.  The 
estimated cost accounted for additional operations and maintenance of the spreading 
grounds and additional water level monitoring.  This cost is anticipated to remain 
relatively constant regardless of the amount of imported water spread.  Therefore, for 
the Moderate Use Scenario, this cost is estimated at $8.00 per ac-ft and for the High 
Use Scenario at $6.00 per ac-ft of additional production when compared to the No 
Imported Water Scenario as presented in Table 4-6. 

Watermaster Administrative Cost.  An administrative cost of $10.00 per ac-ft of 
additional production has been assumed. 

Total Cost. Table 4-8 summarizes the total cost for each of the Imported Water 
Scenarios.  Amortized costs are based on additional production from the Six Basins 
Area when compared to the No Imported Water Scenario. 
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The estimated cost for the Moderate and High Use Scenarios compares favorably to 
the use of imported water for direct delivery at $566 per ac-ft for Tier 2 Treated Water 
at the Miramar water treatment plant. 

4.3.4 Summary of Environmental Impacts 
For all of the Imported Water Scenarios, the same new facilities would be required.  
This includes new wells in the Lower Claremont Heights Basin, at the Martin 
Cienagas, and in the Southwest portion of the Pomona basin, pipelines that would 
connect the wells to regional distribution systems, and if necessary wellhead 
treatment (GAC) facilities at the latter two locations. 

A detailed Preliminary Environmental Assessment was conducted for the 
construction and operation of the systems and is contained in Appendix A.  In 
general, the impacts were assumed to be similar for all of the Imported Water 
Scenarios as the facilities would be the same, with the primary difference being the 
extent of use.  A brief summary of the potential environmental impacts follows. 

Aesthetics 
The various elements of the Proposed Project would create short-term visual impacts 
that would be less than significant.  The operation of the pipelines would be 
underground, thus no long-term visual impacts are anticipated.  Careful siting of the 
well and treatment systems would be required to avoid potential significant impacts. 

Table 4-8 
Imported Water Scenarios – Summary Cost per ac-ft 
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While measures to minimize the visibility, such as screening, locating facilities away 
from highly visible areas, or locating facilities in non-aesthetic settings such as 
parking lots or near existing infrastructure, would serve to reduce potential 
significant aesthetic impacts, undergrounding of wells may also be required at some 
locations.  The locations of greatest sensitivity are the Claremont Historical District in 
Area 2 and the area near Ganesha Park in Area 3.  Additionally, possible damage to 
scenic resources such as the street trees is potentially significant and avoidance is 
recommended.  As the Proposed Project is not located in the vicinity of a state scenic 
highway, no impact on officially designated state scenic highways is anticipated. 

Agricultural Resources 
The Proposed Project would not result in any significant impacts on agricultural 
resources and no mitigation measures would be required. 

Air Quality 
The Proposed Project would not affect population, housing units, or employment, and 
would thus be consistent with SCAG’s Growth Management Plan.  In addition, the 
Project would not have an impact on the type, size, or location of transportation 
infrastructure in the long-term, and would thus be consistent with SCAG’s Regional 
Mobility Plan.  No CMP facilities are located within the Project site; hence, no impacts 
to local or regional air quality or congestion management plans would occur.  
However, the Project is located within a portion of the SCAB that is a non-attainment 
area for ozone, PM 2.5 and PM10, CO and a maintenance area for NOx.  Though 
temporary, construction of Project has the potential to impact local air quality if 
emissions exceed SCAQMD significance thresholds.  With implementation of 
standard SCAQMD-approved construction procedures, compliance with the 
applicable provisions of the most recently-adopted SCAQMD Rule 403, and 
recommended mitigation measures, as applicable, construction impacts on air quality 
would be less than significant.  The Project includes operation of above ground 
equipment that would potentially generate minimal air emissions.  With compliance 
of SCAQMD rules and regulations, potential operational impacts are not anticipated 
to be significant.  Additionally, any odors generated during construction would be 
short-term and controlled in accordance with SCAQMD Rule 402.  No odor impacts 
are expected from operation of the Project. 

Biological Resources 
While the preliminary assessment in Appendix A presents potential significant 
impacts based on the assumed biological resources occurring in the Project site, 
biological survey(s) would be needed to determine what sensitive resources occur in 
the Project site and the extent to which they could be impacted by the Proposed 
Project. 
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The Project site consists primarily of developed land with few or no biological 
resources.  However, the San Antonio Spreading Grounds in Area 1 is located in open 
space with the potential occurrence of sensitive plant and wildlife species and 
sensitive habitat.  Disruption to sensitive biological resources is a potential significant 
impact.  Disruption to street trees in Area 2 is a potential significant impact.  
Additionally, portions of Area 2 have been identified as having potential occurrences 
of sensitive plant species.  Disturbance to sensitive plant species is a potential 
significant impact.  A minimum of one waterway under federal and/or state 
jurisdiction traverses each Project site.  Alteration of the waterways is a potential 
significant impact and may result in the need for a 404 permit and/or a Streambed 
Alteration Agreement.  It is anticipated that the recommended mitigation measures, 
as well as avoidance, would reduce the potential significant impacts on biological 
resources to less than significant. 

Cultural Resources 
The Project site includes and is adjacent to historic and cultural resources.  Whenever 
feasible, disturbance to these resources should be avoided.  When avoidance is not 
feasible, the integrity of the resource should be protected to reduce potential 
significant impacts.  This could include the siting of structures far from historic 
buildings or trees, undergrounding well equipment, or designing well equipment 
structures to be compatible with the existing structures.  The area with the greatest 
historical significance is a portion of Area 2 in the City of Claremont Historic District, 
including Memorial and Mallows Park. 

While unlikely that previously unknown cultural and scientific resources would be 
encountered, recommended mitigation would reduce the potential impact of such as 
discovery to less than significant. 

Geology and Soils 
The Proposed Project is not located within the boundaries of the state-designated 
Alquist-Priolo Earthquake Fault Zone.  The Project site would not have a greater 
potential for seismic activity than most of the state.  Furthermore, the Proposed 
Project’s structures and elements would be constructed to meet all applicable Uniform 
Building Code and seismic safety standards, including the earthquake-resistant 
standards.  The fact that most of the Proposed Project would be constructed and 
operated belowground minimizes the potential for aboveground impacts, and 
belowground impacts would be limited.  Area 2 and Area 3 are located within a 
liquefaction hazard area.  However, the Proposed Project’s components would be 
constructed to meet all applicable Uniform Building Code and seismic safety 
standards.  Additionally, all trenches (including well excavation) would be backfilled 
with engineered fill, which meets proper compaction and shear strength 
requirements, and therefore has little liquefiable potential.  If the site-specific 
geotechnical investigation determines that a liquefaction hazard exists, mitigation 
measures may include ground improvement, removal, dewatering, and structural 
modifications, as appropriate.  The specific mitigation measure to implement and the 
suitability of belowground structures would depend on the results of the site specific 
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geotechnical investigation.  Therefore, the Proposed Project is not expected to increase 
the risk of exposure of people or structures to substantial adverse effects from strong 
seismic ground shaking or seismic-related ground failure and no mitigation would be 
required.  In addition, with implementation of an erosion control plan, substantial soil 
erosion impacts or loss of topsoil is not anticipated.  Also, the construction and 
operation of the Proposed Project is not expected to cause the local geologic units or 
soils to become unstable, or result in on- or off-site landslide, lateral spreading, 
subsidence, liquefaction or collapse, and no impact is anticipated to soils capable of 
supporting the use of septic tanks or alternative wastewater disposal systems; hence, 
no mitigation would be required. 

Hazards and Hazardous Materials 
The construction and operation of the Proposed Project is not anticipated to create a 
significant hazard to the public or environment from the routine transport, use, or 
disposal of hazardous materials, or involve the release of hazardous materials.  
Neither is the Project anticipated to involve a hazardous materials site, nor itself emit 
hazardous materials.  Though the Proposed Project would be constructed and 
operated within two miles of an airport, the Project does not involve activities that 
would expose people or workers to a safety hazard.  The Proposed Project would 
temporarily interfere with local emergency response and evacuation plans during 
construction of the Proposed Project; however, on-street construction activities would 
conform to all traffic work plan and access standards, as well as include coordination 
with applicable public services, to allow adequate emergency access.  In addition, the 
Proposed Project would not involve an area designated as a wildland fire zone.  No 
significant hazard impacts are anticipated and no mitigation would be required. 

Hydrology and Water Quality 
The Proposed Project is a groundwater management project.  The objectives of the 
Proposed Project include protecting and promoting the beneficial use of groundwater 
supplies in the Six Basins Area.  The Proposed Project would extract non-
contaminated and contaminated groundwater for the purpose of managing rising 
groundwater levels, possibly store and recover imported water, treat extracted 
contaminated groundwater to applicable water quality standards, and use the treated 
water as a supplement to the existing water purveyors’ sources.  The Proposed Project 
would not substantially deplete or interfere with groundwater supplies or recharge.  
In contrast, the Proposed Project would benefit groundwater supplies and recharge 
efforts by adding flexibility and additional resources (by treating contaminated 
groundwater) and limiting rising groundwater from creating a public safety issue 
(i.e., damage of infrastructure due to high groundwater).  No adverse impacts to 
groundwater supply or recharge are expected and no mitigation would be required.  
Water generated during the construction and operation of the Proposed Project would 
meet all applicable permit requirements (for construction dewatering and runoff) and 
water quality rules, regulations and standards (during operation); therefore, impacts 
on water quality standards or waste discharge requirements would be less than 
significant and no mitigation would be required.  Also, no natural stream or river 
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would be altered within the Project site.  No condition exists within the Project site 
that would involve impacts from inundation from seiche, tsunami and mudflows.  
Area 1 and Area 2 are within the San Antonio Dam Inundation Area; however, the 
Proposed Project would not expose people to significant risks associated with 
potential dam failure.  In addition, structures associated with the Project would be 
minimal in size and quantity, and not placed within a 100-year flood area; hence, the 
Project would not impede or redirect flood flows. 

Land Use and Planning 
The Proposed Project would not physically divide any community.  The Project is not 
anticipated to conflict with any land use plan, policy, or regulation, nor is it located 
within an area subject to a habitat conservation plan or natural community 
conservation plan.  The Proposed Project is not anticipated to have any significant 
impact on land uses along or near the Project site, provided that aboveground 
structures located within parks do not disrupt recreational activities. 

Mineral Resources 
Much of the Project is located in developed areas where there is currently no potential 
for the establishment of surface mining.  The Project portion located in the San 
Antonio Spreading Grounds, which is designated as an area with minerals of 
statewide significance, would not preclude existing and any future mining operations 
in the Spreading Grounds.  Therefore the impact on mineral resources would be less 
than significant. 

Noise 
The various elements of the Proposed Project would create short-term noise impacts 
that would be less than significant with mitigation incorporated.  The operation of the 
pipelines would be underground, thus no long-term noise impacts are anticipated.  
Careful siting of the well and treatment systems would be required to avoid potential 
significant operational noise impacts.  Measures to minimize noise impacts, such as 
noise-dampening devices, locating facilities away from noise-sensitive areas, or 
undergrounding of well equipment would serve to reduce potential significant noise 
impacts.  The locations of greatest sensitivity are within the Claremont Historic 
District, including Memorial, Mallows, and Larkin Parks in Area 2, and the area near 
Ganesha Park and the Los Angeles County Fairplex Fair Grounds in Area 3. 

Population and Housing 
The Proposed Project is not anticipated to have any impacts on population and 
housing in any of the three Project areas. 
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Public Services 
The various elements of the Proposed Project would create short-term impacts to 
public services that are anticipated to be less than significant.  Operation of the Project 
is also not anticipated to cause long-term impacts on public services.  As the Proposed 
Project does not include development that would require substantial use of, or 
physical change to, fire and/or police protection services, nor use of schools or other 
public facilities (i.e., libraries or hospitals), no impact is expected such that 
construction of new, or the physical alteration of an existing, governmental facilities is 
required in order to maintain acceptable service ratios, response times or other 
performance objectives for any of the public services. 

Recreation 
Construction of the various elements of the Proposed Project in and adjacent to 
recreation facilities would create temporary impacts on recreation that would be less 
than significant.  The operation of the pipelines would be underground, and thus no 
long-term recreational impacts are anticipated.  In Area 2 and Area 3 where structures 
could potentially be located in or adjacent to recreational areas, careful siting of the 
well and treatment systems would be required to avoid potential significant impacts.  
Locating the structures away from recreational amenities, in locations such as the 
park periphery or in the parking lots would minimize potential significant impacts.  
Further review would be required to determine if undergrounding of wells would be 
required at some locations.  The parks with the greatest sensitivity due to the 
community significance and limited size are Memorial Park and Mallows Park in 
Area 2. 

Transportation/Traffic 
The Project would result in temporary minor alterations to the current traffic patterns 
and possible delays during the construction phase.  Given that the changes to traffic 
patterns and service would be temporary, limited to the immediate area of the 
construction, and would be coordinated with local police and fire services, the 
impacts are anticipated to be less than significant.  The Project would not generate a 
substantial amount of traffic during either construction or operation.  Nor would it 
conflict with adopted policies supporting alternative transportation.  The only 
potentially significant impact identified in this analysis pertaining to transportation 
and circulation patterns is a possible substantial reduction in parking spaces if 
treatment facilities and extraction wells are sited in parking lots.  This impact can be 
reduced by locating any above ground facilities in such a manner that displaces the 
smallest number of parking spaces as feasible.  This is anticipated to have the greatest 
potential impact in Area 2.  Additionally, any aboveground facilities located with 
parking lots must be located in an area that would not create a traffic hazard. 
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Utilities and Service Systems 
The Proposed Project is a groundwater extraction and treatment project.  The Project 
would not result in changes to facilities or operations, including treatment 
requirements, at existing wastewater treatment facilities.  Though the Area 1 
alignment would terminate at the Miramar Water Treatment Plant, no expansion of 
the facility would be required because of the Project; therefore, no significant impacts 
are anticipated, and no mitigation would be required.  Also during construction of the 
Project, measures would be implemented to control runoff to the stormwater drainage 
facilities such that no significant impact would occur.  Operation of the Proposed 
Project is not expected to increase stormwater runoff in the Project site, since the 
Proposed Project would be placed beneath previously developed surfaces (e.g., street 
rights-of-way) or within designated off-street locations that would include a drainage 
plan.  Excavation and construction debris associated with the Proposed Project would 
be minor and recycled or transported to the nearest landfill site and disposed of 
appropriately; therefore, no significant impacts to landfill capacity are anticipated and 
no mitigation would be required. 

4.3.5 Institutional Issues 
While the No Imported Water Scenario relies on additional directed use of existing 
wells and purveyor distribution systems and therefore no significant change in the 
normal institutional patterns, the Imported Water Scenarios introduce new types of 
facilities and operations that will require new arrangements.  While the extent of the 
use of any of the new facilities differs between the Imported Water Scenarios, they all 
share similar considerations.  The issues can generally be categorized as follows: 

 Spreading of imported water 

 Construction and operation of new wells and of new transmission systems 
for distribution of water 

 Construction and operation of potential wellhead treatment facilities 

Spreading of Imported Water 
TVMWD is the local agency with access to imported State Project Water and has the 
ability to purchase imported water from Metropolitan for groundwater replenishment 
at Groundwater Replenishment rates whenever such water is available.  TVMWD as 
one of the Parties to the Judgment has also entered a Storage and Recovery 
Agreement with Watermaster for spreading State Project Water in the San Antonio 
Spreading Grounds as described further under Section 4.3.5 and therefore has 
established the ability to store and recover water. 
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A separate Memorandum of Understanding (MOU) between the Watermaster and 
PVPA entered into at the time of the Judgment, provides for the spreading of “surplus 
water” under a Storage Agreement on behalf of qualified parties to the Judgment such 
as TVMWD.  This agreement provides sufficient institutional authority both to allow 
spreading under a Storage and Recovery Agreement such as that executed between 
Watermaster and TVMWD, and limit spreading if necessary to prevent the 
supplemental spreading from contributing to rising water concerns. 

A third key Memorandum of Agreement recently executed is between the TVMWD 
and PVPA.  This agreement both allows and governs the use of the PVPA San 
Antonio Spreading Grounds for a conjunctive use project.  This agreement spells out 
the technical and legal responsibilities for both TVMWD and PVPA when using the 
spreading facilities for imported water. 

In summary, the basic institutional arrangements exist to allow TVMWD to store 
water although not to the extent contemplated under some of the scenarios as 
described further under Section 4.3.5. 

Construction and Operation of New Wells and Pipelines 
Construction and operation of the new wells in the Lower Claremont Heights and 
Pomona Basins proposed as part of the three Imported Water Scenarios could 
potentially be undertaken by individual purveyors to supplement their own system 
facilities with no unique institutional issues.  In this case, TVMWD would transfer 
water from its storage account to other local parties under the Judgment to produce 
additional water. 

However, recovered water could at times be delivered to other TVMWD member 
agencies outside of the local basin producers, particularly for the higher storage and 
recovery options.  Therefore, it may be desirable for TVMWD to construct and operate 
some or all of the new wells.  As a Municipal Water District, TVMWD has the 
authority to construct and operate water supply facilities including production wells 
so no new institutional arrangement would be needed for TVMWD to own and 
operate all or some of the recovery wells as well as the pipelines and appurtenances.  
Any water produced by TVMWD would be delivered into the proposed new 
transmission facilities and used for blending with water produced from the Miramar 
Plant to meet demands for agencies within TVMWD’s service area. 

Particularly in Area 1, where a large majority of the production recovery would take 
place, it is likely that the production required to recover the stored water and control 
rising groundwater would become significantly greater than local purveyors could 
use directly, especially under the Moderate and High Use Scenarios.  Therefore, it is 
more probable in these areas that some or all of the wells would be owned by 
TVMWD. 
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Construction and Operation of Wellhead Treatment Facilities 
Institutionally, any necessary wellhead treatment facilities could be constructed, 
owned and operated either by local purveyors or TVMWD. 

4.3.6 Legal/Judgment Considerations 
As briefly noted in Section 4.3.4, there are provisions within the Adjudication as well 
as the Rules and Regulations and Operating Plan that basically establish a basis to 
allow TVMWD to store and recover State Project Water in the Six Basins Area.  The 
primary mechanism that currently exists is the TVMWD Storage Agreement, 
originally executed in May of 2001 and recently amended in December 2005 to clarify 
and expand the original Agreement to allow water to be spread in the SASG in the 
Upper Claremont Heights Basin and not just at TVMWD’s property.  The initial 
Agreement limits the spreading to a maximum of 1,000 ac-ft per year and a maximum 
in storage of 3,500 ac-ft without prior approval of Watermaster.  Thus to execute any 
of the imported water scenarios described under this section, TVMWD would require 
an increase in the maximum amount allowed in storage at any one time, since even 
the Low Use of Imported Water Scenario contemplates up to 5,000 ac-ft per year of 
storage and recovery.  The agreement does not have specific limitations with respect 
to maximum groundwater levels or rising water, but does have a provision that 
restrains TVMWD from undertaking any storage or recovery operation that may 
substantially injure the rights of any other Party.  Furthermore, the Agreement 
specifies that TVMWD is responsible for satisfying all applicable requirements of 
CEQA in implementing any projects associated with the Agreement. 

The initial Operating Plan for the Judgment speaks briefly about Storage Agreements, 
and has a much more extensive discussion about acquisition of Replacement Water.  
In general, the scenarios contemplated under this study are based on the concept of 
TVMWD putting water into a Storage Account to be either transferred to other parties 
for withdrawal or withdrawn for use outside the Six Basins Area.  However, the 
principles under the Replacement Water Section of the Operating Plan should 
generally be followed in the development these scenarios. 

The MOUs noted above between Watermaster and PVPA and between TVMWD and 
PVPA establish the Judgment and legal framework for allowing spreading of 
imported water in the PVPA spreading basins.  The MOU between Watermaster and 
PVPA governs the relationship between PVPA and Watermaster, establishes PVPA’s 
responsibilities for spreading water and its limitations.  This includes the fact that 
PVPA bears no responsibility for water quality, high groundwater or rejected water as 
a result of spreading replenishment or replacement water.  This MOU does not speak 
to any specific quantities of water to be spread.  The MOU between TVMWD and 
PVPA specifically addresses the currently contemplated San Antonio Spreading 
Grounds Conjunctive Use Project which would allow spreading of up to 8,000 ac-ft 
per year.  The MOU grants an easement for spreading, references groundwater 
models that would be used to coordinating PVPA's and TVMWD's spreading 
activities, spells out coordination activities and TVMWD’s responsibilities for 
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Environmental Review, and spells out a procedure to determine responsibility in the 
event that high groundwater caused by spreading either local or imported water 
results in damages. 

One area in the Judgment that needs further definition and clarification relates to the 
losses of stored water from the basin.  Item B7 of Section III of the Judgment, 
Declaration of Rights and Responsibilities, indicates that if the Watermaster 
reasonably determines that Replenishment had to be terminated or curtailed in any 
year because of insufficient storage capacity, some or all of a Party’s unproduced 
Carryover rights or Storage and Recovery rights may be deemed lost based on 
different priorities.  Storage of imported water has the fourth priority and could be 
lost or reduced under these circumstances.  This could result in substantial financial 
losses for TVMWD under the current Judgment, if PVPA had placed imported water 
in the basin under a storage agreement. 

In summary, there is language in the Judgment and precedential agreements that 
establish the basis for implementing the Imported Water Scenarios.  However, 
agreements would have to be modified to allow the levels of potential imported water 
storage contemplated under the Scenarios, subject to approval by all parties and 
following additional CEQA review to the extent that a program greater than that 
already covered under the current TVMWD plan is proposed. 

4.4 Recommended Plan 
Controlling rising water at various locations in the Six Basins Area, in the absence of 
introducing imported water, can be attained by managing more tightly spreading 
operations at the SASG and increasing pumping at certain locations to control water 
levels without incurring significant additional cost relative to Baseline.  However, 
control of rising water can also be attained under the three imported water scenarios 
by operating the basin within the given parameters and by constructing a series of 
spreading, transmission, and pumping facilities.  In addition, spreading of imported 
water offers the following benefits to the operations of Six Basins: 

 Reduced imported water deliveries during peak demand conditions 

 Increased reliability of local supply sources 

 Increased groundwater availability and safe yield of the basin 

 Maintained higher water levels during extended droughts 

 Decreased fluctuations in water levels 

 Lower overall cost per ac-ft when compared to direct delivery of imported 
water 

As previously discussed in this section, the Low Use Scenario maintains spreading of 
imported water at 5,000 ac-ft per year regardless of water levels, while the other two 
scenarios consider variations in water levels as surrogates to increase or decrease 
spreading of imported water.  Spreading of imported water under these scenarios 
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varies from less than 1,000 ac-ft per year during high water level conditions to 15,000 
ac-ft per year when levels are low.  Long-term spreading under the Moderate Use 
Scenario averages approximately 7,900 ac-ft per year and 11,350 ac-ft per year under 
the High Use Scenario.  These two scenarios represent a more realistic condition 
under which the basin could be operated. 

Modeling results indicate that is feasible to spread up to 15,000 ac-ft per year under 
certain conditions while reducing or eliminating rising water.  While, this level of 
spreading may be an ultimate goal, a phased approach is recommended.  A phased 
approach will enable TVMWD and the Six Basins Watermaster to learn more about 
how the basin would respond to the additional spreading of imported water by 
evaluating data from a series of dedicated monitoring wells that are in place at 
various locations in the Six Basins Area. 

Therefore, it is recommended that spreading of up to 8,000 ac-ft per year be 
considered in the initial phase with an overall average of approximately 5,000 ac-ft 
per year.  Annual spreading should be limited when water levels are relatively high 
and further increased as water levels at MW-2 decreased.  As additional knowledge is 
gained on how the basin responds to the imported water spreading, further increases 
in spreading should be considered to reflect those illustrated under the Moderate Use 
Scenario. 
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Section 5 
Implementation Plan 
 

5.1 Introduction 
This section describes the recommended implementation plan that includes 
recharging imported water at the SASG to augment water supply availability in the 
Six Basins Area while reducing or eliminating the potential for rising water at 
historical cienegas. 

Section 4 indicated that spreading of imported water similar to the levels presented 
under the Moderate Use Scenario is recommended.  Under this scenario, spreading of 
imported water ranged from less than 1,000 ac-ft when water levels were high to 
over 12,000 ac-ft when water levels were low.  Spreading of imported water exceeded 
10,000 ac-ft per year in 17 of the 45 years in the analysis and averaged 7,875 ac-ft per 
year. 

Similarly, groundwater production was increased significantly under the Moderate 
Use Scenario as it average production increased to 26,478 ac-ft per year reflecting 
additional spreading of imported water.  Annual production ranged from 
approximately 22,700 ac-ft to over 32,600 ac-ft exceeding 25,000 ac-ft per year in 24 of 
the 45 years or 53 percent of the time and 30,000 ac-ft per year in seven of those years. 

While modeling results indicate that is feasible to spread and pump these relatively 
large volumes under certain conditions while still reducing or eliminating rising water, 
a phased approach is recommended.  A phased approach will enable TVMWD and the 
Six Basins Watermaster to learn more about how the basin would respond to the 
additional spreading of imported water given that a series of dedicated monitoring 
wells is in place at various locations in the Six Basins Area. 

It should be noted that one of the underlying assumptions in the modeling of the Six 
Basins Area consist of spreading local surface water primarily in the northern portion of 
San Antonio Spreading Grounds.  It was also assumed that spreading of imported 
water would normally occur evenly in the southern portion of the spreading grounds 
south of the Drabble Pit.  CDM has identified numerous improvements in the SASG for 
PVPA. Improvements included the construction of well defined spreading basins and 
conveyance structures to control where spreading takes place.  Improvements to the 
spreading grounds infrastructure, while not directly covered under this report, and 
closer control of native water and imported water spreading operations as 
recommended are an essential part of this plan. 
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5.2 Initial Phase 
The initial phase considers the spreading of up to 8,000 ac-ft of imported water per 
year south of the Drabble Pit in the southern portion of the SASG with an average 
of 5,000 ac-ft per year.  This level of spreading is commensurate with TVMWD’s plans 
identified in the Feasibility Study of Imported Water Spreading at the San Antonio 
Spreading Grounds (B-E, April 2005).  The implementation of this initial phase is 
based on the following assumptions: 

 Imported water for spreading at replenishment water rates is available in the 
Foothill Feeder 

 Improvements to the SASG have been implemented to concentrate spreading 
of native water in the northern portion of the grounds. 

5.2.1 Facility Requirements 
The improvements required to recover the imported water spread consist of a six 
wells located directly south of the SASG and parallel to Baseline Road, as identified in 
Figure 3-1 for Area 1.  Improvements also include the construction of a 30 inch 
diameter regional pipeline from Benson and Baseline to the Miramar WTP to tie the 
Benson Feeder and the Miramar Pipeline and/or the WFA’s Benson Feeder during 
times when local producers may not need the extra supply capacity. 

It should be noted that the City of Upland, WECWC, GSWC, and Pomona College 
have indicated their plans to construct new wells in the area of interest over the next 
five years.  The sitting of these wells should be coordinated with Watermaster and 
TVMWD so that they are strategically located to intercept a significant portion of the 
water spread at the SASG. Production capacity of individual wells has been estimated 
at 1,500 gpm in this area of the Upper Claremont Heights Basin. 

It has been assumed for purpose of this study that all six wells would pump into the 
proposed regional pipeline.  Additional facilities may be required to convey water 
from this pipeline to the individual agencies’ systems depending on hydraulic grades.  
Connections to this pipeline should be metered to maintain proper accounting of 
production and deliveries. 

Extraction facilities identified in the Pomona Basin in the Martin Cienega and the 
southern portion of the Pomona Basin are not recommended for the initial phase. 
They should be deferred until experience is gained on the basin response. 

5.2.2 Construction Cost 
The construction cost of the facilities identified for Area 1, presented in Table 4-7, are 
estimated $10,032,000.  This cost includes six new wells, 11,000 ft of 30-inch diameter 
pipeline with connections to the Miramar and WFA’s Benson Feeder, and 500 ft of 12-
inch diameter pipeline.  Construction contingency has been assumed at 25 percent 
while engineering services would add another 15 percent for an overall estimated 
total of $14,050,000. 
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The amortized annual cost to fund the recommended facilities was estimated based 
on a 30-year municipal bond earning an interest of six percent annually for half of the 
amount as TVMWD is currently seeking matching federal funds to implement the 
project.  The amortized cost has been estimated at $510,000.  The amortized cost per 
ac-ft, based on an additional pumping of approximately 5,000 ac-ft per year is 
estimated at $102.00. 

5.2.3 Operational Cost 
Section 4.3.3 identified the operational cost for the three imported water scenarios.  
Using the figures presented in that section, the operational cost for the initial phase of 
the recommended plan are as follows: 

 Capital Amortization  $ 102.00 per ac-ft 
 Cost of Imported Water $ 238.00 per ac-ft 
 Pumping Cost $   69.00 per ac-ft 
 Well Operations and Maintenance $   20.00 per ac-ft 
 Administrative Cost $   10.00 per ac-ft 

 Total:                  $ 439.00 per ac-ft 
   

The estimated cost of $439 per ac-ft for the initial implementation phase compares 
very favorably to the use of imported water for direct delivery at $566 for Tier 2 
Treated Water at the Miramar water treatment plant. 

5.2.4 Basin Operating Parameters 
The operation of the proposed facilities would be controlled by water levels at 
Monitoring Well No. 2, located in the southwest corner of the SASG. The 
recommended operations for the six proposed wells are as follows: 

 Maintain average production (1,000 ac-ft per year) per well when water levels 
at MW-2 well are between 1,300 ft and 1,350 ft in elevation. 

 Operate wells continuously when water levels at MW-2 are above the 1,350 
elevation. 

 Gradually reduce production to about half (500 ac-ft per year) per well when 
water levels at MW-2 decline from 1,300 ft to 1,250 ft in elevation. 

 Further reduce production if water levels drop and stay below the 1,250 ft 
elevation at MW-2 

With regards to spreading, the decision to spread or not should be based on the 
overall stage of the basin and it should be assessed at a minimum on a monthly basis 
depending on a number of factors.  Factors that should be considered in assessing the 
stage of the basin include the time of the year, the presence or absence of water 
behind San Antonio Dam, the expected amount of surface water runoff from the San 
Antonio Creek watershed, water levels at MW-2 and other wells in the Six Basins 
Area, and the prior occurrence of rising water.  Listed below are the general 
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parameters to spread native and imported water at the SASG based on water levels at 
MW-2 Well in the UCHB.  

 Depending on water levels at MW-2, spreading could begin as early as 
February of each year; however, in most years spreading should begin by late 
March or early April. Spreading should extend through the summer if 
imported water is available. 

 Spread up to 8,000 ac-ft per year as long as water levels at MW-2 are below 
the 1,300 ft elevation. 

 Gradually decrease spreading to approximately 4,000 ac-ft per year as water 
levels at MW-2 rise from 1,300 ft to 1,350 ft elevation 

 Further decrease spreading if water levels continue to rise above the 1,350 ft 
elevation and stop spreading if they reach the 1,375 ft elevation at MW-2.  

5.2.5 Environmental Impacts 
TVMWD prepared an Initial Study and Mitigated Negative Declaration for the 
Spreading of Imported Water at the San Antonio Spreading Grounds.  That study 
addressed the environmental impacts resulting from the construction of transmission 
facilities from the Foothill Feeder to the SASG, spreading at the SASG and the 
construction on one extraction well at TVMWD’s Miramar facilities.  A similar study 
would be required for the construction of additional wells (up to six) and associated 
transmission facilities to convey the extracted water to the different water purveyors 
in the area or into regional facilities.  Section 4 presented a summary of potential 
environmental impacts that could result from the implementation of this project and 
Appendix A described the potential impacts and where applicable possible mitigation 
measured and refined project features.  Please refer to Section 4 and Appendix A for 
further details. 

5.2.6 Institutional Issues 
Based on the discussion of institutional issues presented in Section 4, issues affecting 
the initial phase of implementation are limited to the spreading of imported water 
and the construction and operation of new wells and new transmission facilities. 

Spreading of Imported Water 
The basic institutional arrangements exist to allow TVMWD to store water in the Six 
Basins Area.  However, the current Storage and Recovery Agreement with 
Watermaster limits the total amount of water in storage to 3,500 ac-ft. This agreement 
would have to be revised to increase the maximum amount that TVMWD could store 
to the amounts contemplated under this initial phase of implementation up to 8,000 
ac-ft per year. 

The agreement between Watermaster and PVPA, entered at the time of the Judgment, 
provides sufficient institutional authority to allow spreading under a Storage and 
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Recovery Account and limit spreading if necessary to prevent supplemental 
spreading from contributing to rising water concerns. 

The agreement TVMWD and PVPA allows and governs the use of the PVPA San 
Antonio Spreading Grounds for a conjunctive use project.  This agreement spells out 
the technical and legal responsibilities for both TVMWD and PVPA when using the 
spreading facilities for imported water. 

Construction and Operation of New Wells and Pipelines 
Construction and operation of the new wells in the Lower Claremont Heights 
proposed as part of the Initial Phase of Implementation could potentially be 
undertaken by individual purveyors to supplement their own system facilities with 
no unique institutional issues.  In this case, TVMWD would transfer water from its 
storage account to other local parties under the Judgment to produce additional 
water. 

However, since recovered water could at times be delivered to other TVMWD 
member agencies outside of the local basin producers, it may be desirable for 
TVMWD to construct and operate some or all of the new wells.   As a Municipal 
Water District, TVMWD has the authority to construct and operate water supply 
facilities including production wells so no new institutional arrangement would be 
needed for TVMWD own and operate all or some of the recovery wells as well as the 
pipelines and appurtenances.  Any water produced by TVMWD would be delivered 
into the proposed new transmission facilities and for blending with water produced 
from the Miramar Plant to meet demands for agencies within TVMWD’s service area. 

5.2.7 Legal/Judgment Considerations 
There is language in the Judgment and preceding agreements that establish the basis 
for implementing the Initial Phase of Importing water for spreading at the SASG. 
However, agreements would have to be modified to allow the levels of potential 
imported water storage contemplated under the Scenarios, subject to approval by all 
parties and following additional CEQA review to the extent that a program greater 
than that already covered under the current TVMWD plan is proposed. 

One area in the Judgment that needs further definition and clarification relates to the 
losses of stored water from the basin.  Item B7 of Section III of the Judgment, 
Declaration of Rights and Responsibilities, indicates that if the Watermaster 
reasonably determines that Replenishment had to be terminated or curtailed in any 
year because of insufficient storage capacity, some or all of a Party’s unproduced 
Carryover rights or Storage and Recovery rights may be deemed lost based on 
different priorities.  Storage of imported water has the fourth priority and could be 
lost or reduced under these circumstances.  This could result in substantial financial 
losses for TVMWD under the current Judgment, if PVPA had placed imported water 
in the basin under a storage agreement. 
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5.3 Subsequent Phases 
The nature of subsequent phases of implementation would be highly depend on what 
is learned in the initial phase and could conceivably include the construction of 
additional extraction and transmission facilities in the Martin Cienega area (Area 2) 
and in the southern portion of the Pomona Basin as identified in Section 3.  Details of 
how production should be increased or curtailed in this basin have been provided in 
that section.  Section 3 also provides information on how the Martin Cienega wells 
should be operated to reduce and/or eliminate rising water in that area. 
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Executive Summary 
 
The proposed Imported Water Spreading at San Antonio Spreading Grounds Project 
(Proposed Project) would construct facilities to allow spreading of State Water Project 
(SWP) water delivered via Metropolitan Water District of Southern California’s 
(Metropolitan) Foothill Feeder/Rialto Pipeline (Foothill Feeder) in the San Antonio 
Spreading Grounds (Spreading Grounds).  The spread water would recharge the Upper 
Claremont Heights Basin, one of the six groundwater basins collectively adjudicated as the 
Six Basins.  This report evaluates the technical, legal, institutional, political, environmental 
and economic issues associated with the Proposed Project.  Figure ES-1 shows the Project 
Vicinity.  The Proposed Project will operate within the rules of the Six Basins Adjudication. 
 
Objectives of the Proposed Project include: 

 Improve the reliability of water supply in the Six Basins. 
 Store imported water when available in order to provide supply in dry years. 
 Reduce annual and seasonal peak demand on surface water treatment plants 
 Increase operational flexibility in the SWP and Metropolitan’s transmission facilities 

by allowing delivery for recharge rather than for direct use. 
 Reduce the cost of purchased water. 
 Store water for extraction during dry years. 

 
By accomplishing these goals, the project would increase overall water supply reliability for 
purveyors within the service area of Three Valleys Municipal Water District, INLAND 
EMPIRE, Metropolitan and all State Water Contractors. 
 
Grant Agreement No. 4600003165 between Three Valleys and the California Department of 
Water Resources (DWR) Groundwater Management Assistance Fund has funded this 
feasibility study.  While Six Basins Watermaster (Watermaster) prepared and submitted the 
grant application that resulted in funding of this study, contractual issues prevented the 
Watermaster from receiving the funding.  The grant and responsibility for the study was 
assigned to Three Valleys by DWR.  While Three Valleys is managing this Feasibility Study, 
the Proposed Project will provide direct benefits to all Six Basins pumpers.  At the time of 
the application for funding, the project title was the Six Basins Groundwater Recharge 
Feasibility Study. 
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Water Service in Six Basins Area 
Water purveyors in the Six Basins area serve a combination of groundwater, local surface 
water and imported water.  Purveyors purchase imported water from either Three Valleys 
Municipal Water District (the majority) or Inland Empire Utilities Agency (Inland Empire).  
Those two agencies receive imported water from Metropolitan Water District of Southern 
California (Metropolitan).  Due to the arrangement of Metropolitan’s facilities, the imported 
water is from the State Water Project. 
 
Three Valleys Municipal Water District (Three Valleys) incorporates portions of East San 
Gabriel Valley, Pomona Valley and Walnut Valley for a total area of approximately 133.3 
square miles.  Population as of 2000 was approximately 526,000.  Three Valleys has 17 
member agencies which generally receive water from a variety of sources including imported 
water (via Metropolitan), groundwater and surface.  Four member agencies also receive 
recycled water.  The Three Valleys service area is mostly urbanized and demand has been 
increasing at a rate of approximately one percent annually.  Projected demand for 2005 is 
143,000 acre-feet including 12,500 acre-feet of recycled water.    Projecting to 2020, demand 
is anticipated to continue increasing at approximately one percent per year.   
 
The Inland Empire’s 242 square mile service area is located in the southwestern section of 
San Bernardino County.  Population in 2000 was 620,000.   The Agency serves the cities of 
Chino, Chino Hills, Fontana, Montclair, Ontario and Upland, as well as the Monte Vista 
Water District and the Cucamonga County Water District.   Within the boundaries, there are 
eight retail water agencies that provide water to residents in the Agency’s service area.  Some 
of these water agencies provide water to areas outside of the Agency’s service area.   In 
addition, there is significant agricultural water use in the service area.  The Inland Empire 
service area has recently experienced a higher rate of growth than Three Valleys and has 
more vacant land available for urbanized.  Projected demand for 2005 is 264,500 acre-feet.  
Projecting to 2020, demand is anticipated to increase at approximately two percent per year.   
 
Major treatment facilities include four surface water treatment plants: Metropolitan’s 
Weymouth Filtration Plant (Weymouth), Three Valley’s Miramar Water Treatment Facility 
(Miramar), the City of Pomona’s Pedley Water Treatment Plant (Pedley) and the Water 
Facilities Authority’s Agua de Lejos Water Treatment Plant (jointly owned by five Inland 
Empire members through the Water Facilities Authority).  Weymouth, Miramar all treat 
imported water.  Pedley treats water from San Antonio Canyon.  
 
The proposed project would most directly affect the Four Basins (Canyon, Upper Claremont 
Heights, Lower Claremont Heights and Pomona).  Since 1999 Operating Safe Yield for Four 
Basins has ranged from 22,000 acre-feet in 1999 down to 16,500 acre-feet in 2004.  The 
trend has been constantly down for this five year period.  Actual production has been less 
than the Operating Safe Yield due to a variety of operational and water quality challenges. 
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San Antonio Spreading Grounds 
Spreading of imported water will occur in the San Antonio Spreading Grounds, owned and 
operated by the Pomona Valley Protective Association (PVPA).  The San Antonio Spreading 
Grounds is located within the Los Angeles County and San Bernardino County.     The Los 
Angeles County portion is within the City of Claremont, and the San Bernardino county 
portion is within the City of Upland.  San Antonio Dam is located on the north end of the 
Spreading Grounds and San Antonio Channel flows from the dam through the Spreading 
Grounds.  While the channel is located to the west of the County border, it is commonly used 
as the line to split the Spreading Grounds into a Los Angeles and a San Bernardino side.   
 
 San Antonio Dam was constructed in 1956 and is owned and operated by the Corps of 
Engineers.  Although water conservation was not formally authorized as a project purpose at 
San Antonio Dam, it is the policy of the U.S. Army Corps of Engineers to assist local 
agencies in the conservation of water to the maximum extent possible without interfering 
with flood-control functions. (Corps of Engineers, 1991) 
 
The main diversion gates located below the dam allow a maximum diversion of 800 cubic 
feet per second.  The maximum diversion is split roughly one-third, two-thirds between the 
Los Angeles and San Bernardino sides respectively.  While diversion of 800 cubic-feet per 
second (cfs) is possible, it is not possible to spread this flow for any period of time.  As a 
practical matter, approximately 250 cfs can be diverted.  While the majority of this flow will 
recharge the groundwater basins, some flows leaving the Spreading Grounds.  
Approximately 150 cfs can be diverted and spread without any losses. 
 
Both the Los Angeles and the San Bernardino sides consist of a series of levees, check dams, 
spreading ponds and control structures which allow the water to be captured and controlled in 
such a manner as to allow the maximum underground recharge with the least interference 
with other operations and facilities.  The control structures are operated manually. 
 
The facilities on the two sides are very different; with the Los Angeles side being more fully 
developed and having more control facilities than does the San Bernardino side.  The San 
Bernardino side, however, due to mining operations over a period of years that have 
produced several large pits, has a greater capacity and during wet periods more water is 
generally spread on the San Bernardino side.  A series of maintenance roads on both sides 
allow the Spreading Grounds to be periodically checked and maintained.  Only a portion of 
that land is actually used for spreading.   
 
CDM is under contract to PVPA to prepare conceptual layouts of the Spreading Grounds to 
improve management of spreading.   At present CDM envisions extending the existing 
Diversion Channel on the Los Angeles side of San Antonio Channel.  This extended channel 
would allow directing all spreading on the Los Angeles side to selected basins.   
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Vulcan Materials Company-Western Division (Vulcan) and Holliday Rock Company, Inc. 
(Holliday Rock) lease portions of the Spreading Grounds.  Each of these companies has 
proposed mining operations on the Los Angeles side of the Spreading Grounds.  The project 
applications prepared by both companies propose reclamation plans that are consistent with 
spreading operations.     
 
Imported Water Source 
The Proposed Project would store imported water delivered via the Foothill Feeder and 
Miramar’s Plant Intake Pipeline (Intake Pipeline).    The Foothill Feeder has a rated capacity 
of 611 cfs in the vicinity of Miramar.  It crosses through the Spreading Grounds in line with 
Miramar Avenue and within a 200-foot wide easement.  Deliveries to the Miramar Treatment 
Plant are made at Service Connection PM-21 (PM-21) located along Miramar Avenue just 
west of the Spreading Grounds.   PM-21 has a capacity of 80 cfs. 
 
Geology and Hydrogeology 
The Six Basins consist of six interconnected groundwater basins underlying portions of the 
cities of Claremont, La Verne, Pomona, Upland, and surrounding unincorporated areas of 
Los Angeles and San Bernardino counties.  The Six Basins are shown on Figure ES-1 and 
include Canyon Basin, Upper Claremont Heights Basin (UCHB), Lower Claremont Heights 
Basin (LCHB), Pomona Basin, Live Oak Basin and Ganesha Basin.   
 
Four of the six basins are affected by spreading in the Spreading Grounds: the Canyon Basin, 
UCHB, LCHB, and the Pomona Basin.  Of particular concern in the planned recharging of 
natural runoff, or of the spreading of State Water Project water, are the potential effects to 
historical areas of rising water and to new constructions like State Route 210 and gravel 
operations.   
 
A number of cienegas have historically produced rising water in the cities of Claremont and 
Pomona.  Reports as early as 1888 record areas where flowing water occurred.  Increased 
water use has generally lowered the groundwater levels in these areas, but following very wet 
years groundwater levels have risen high enough to be a serious problem.   
 
To estimate how much spreading could occur in the Spreading Grounds without producing 
adverse high groundwater effects, recharge capacities were estimated for the UCHB and 
Pomona basins.  By using hydrographs from thirteen wells and the historical spreading 
records for the Spreading Grounds the effect of recharge on groundwater levels were 
estimated and the available recharge capacities calculated.   
 
The estimates of available recharge capacities for each well were then compared to determine 
which wells showed adverse high groundwater levels in response to recharge.  The recharge 
capacities were then used to estimate the recharge volumes that produced adverse effects in 
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each area.   Finally, the probabilities of different recharge amounts were estimated from 
historical groundwater levels based on Mountain View 4 well, the well that responds most 
quickly to recharge. Using this methodology for Mountain View 4, the well most directly 
affected by the Spreading Grounds, it was found that the average rise in water level was 
1 foot per 100 acre-feet of recharge over a period of a few months.   
 
The recharge capacity is also dependent on the maximum allowable water level.  The 
maximum elevation was assumed to be the surface minus 50 feet.  This maximum was 
determined by using 40 feet to water for the liquefaction susceptibility zone (a) as determined 
in the Mount Baldy and Ontario seismic hazard evaluations  (California Division of Mines 
and Geology (CDMG), 2000), and a margin of safety of 10 feet.     
 
Calculation of the recharge capacities by this method yielded several conclusions regarding 
recharge and well groundwater elevations: 

• Wells closest to the Spreading Grounds show a larger rise in groundwater level over a 
shorter period of time than do more distant wells.   

• Well groundwater levels in the UCHB drop back to pre-recharge levels, where as 
groundwater levels in Pomona Basin wells tend to remain elevated.   

 
For these reasons, estimates of recharge capacities in UCHB wells are more useful for 
determining spreading volumes at the Spreading Grounds.  The amount of spreading that can 
be done each year can be determined from the plots of the well recharge capacities as 
described above.  However, a comparison of the recharge capacities of wells indicates that 
the well Mountain View 4 and College 1 have the greatest changes in groundwater elevation 
per unit of spreading with 1 foot rise per 100 acre-feet of spreading.  Both wells are close to 
the Spreading Grounds, and Mountain View 4 is the closest down gradient well.   
 
The spreading of imported water in the Spreading Grounds will not produce any significant 
adverse groundwater quality affects, and any potential affects related to rising groundwater 
can be mitigated by groundwater level monitoring and limiting the amount of imported water 
spread.  The maximum amount of imported water spread should be determined by the 
recharge capacity calculated at Mountain View 4, and for best management practices the 
imported water will need to be extracted from the UCHB before it is arrives at the Pomona 
Basin.   
 
Environmental Documentation 
Three Valleys is the lead agency for the Proposed Project with the principal responsibility for 
carrying out and approving the project and therefore the principal responsibility preparing 
CEQA documents.       
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A Notice of Preparation/Initial Study has been prepared.  The Initial Study found that the  
project could potentially affect biological resources, mineral resources, hydrology/water 
quality, geology/soils and mandatory findings of significance. 
 
The proposed project may have a significant effect on the environment, and an 
Environmental Impact Report is required.  Three Valleys will accept written responses and 
comments on the Notice of Preparation/Initial Study between February 25, 2005 and March 
28, 2005.  The anticipated completion of environmental documentation is June 30, 2005.   
 
Institutional Issues 
Operation of the proposed project will be subject to a coordinated operating agreement 
between Three Valleys and the Pomona Valley Protective Association (PVPA) and will be 
overseen by the Six Basins Watermaster. 
 
The Six Basins Operating Plan addresses use of the Spreading Grounds for Replenishment 
Water, and of Replacement Water.   
 
A Memorandum of Agreement between the Pomona Valley Protective Association and 
Watermaster of the Six Basins relating to Water Spreading and Related Activities addresses 
use of the Spreading Grounds by PVPA and responsibilities of Watermaster.   
 
PVPA and Watermaster will reach agreements covering construction and operations.   
 
Vulcan leases property from PVPA for the purpose of mining aggregate.  They have an 
ongoing operation on the San Bernardino side of the Spreading Grounds.  Vulcan leases 214 
acres on the north end of the Los Angeles side.  The Los Angeles side is currently under 
review for a conditional use permit to allow mining.  The Proposed Project does not include 
the land leased by Vulcan.   
 
Holliday Rock leases property from PVPA for the purpose of mining aggregate.  They have 
recently prepared a mining and reclamation plan to mine the southern portion of the Los 
Angeles side.  Most of the Proposed Project is within the area that Holliday Rock proposes 
mining.  Discussions between the District and Holliday Rock indicate that the two projects 
are compatible.   
 
Metropolitan has a 200-foot wide easement near the southern end of the Spreading Grounds.  
The northern edge of this easement is approximately in line with the southern edge of the 
Miramar Treatment Plant.  Metropolitan’s Foothill Feeder and Service Connection OC-59 are 
within this easement.   
 
A permit from the Los Angeles County Department of Public Works will be required for 
crossing San Antonio Channel.  Public Works will coordinate the permit with the Los 
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Angeles District Army Corps of Engineers.  Presuming that the initial Flood Permit 
Application meets all requirements, it will take two to four months for the permit process.   
 
The Cities of Claremont and Upland will be provided an opportunity to review design 
drawings for portions of the construction located within their cities. 
 
Proposed Facilities 
The proposed facilities include a connection to the Foothill Feeder, two pipelines into the 
spreading grounds and turnouts into existing spreading basins or possible future basins to be 
developed by others.  Allowance will be made for the possible future installation of a pump 
station.  The facilities have been sized for maximum flexibility to allow opportunistic 
operation of the project.   Figure ES-2 shows schematically the proposed facilities.   
 
The connection to the Foothill Feeder will take advantage of Three Valley’s existing 80 cfs 
connection that serves Miramar.  Miramar has a design capacity of 40 cfs and generally 
operates at capacity.  Sizing the connection for 40 cfs will allow use of the full capacity of 
the service connection while Miramar is operating at full capacity.   In order to avoid – or at 
least defer – construction of a pump station while still allowing flexibility of operations, two 
pipelines are proposed. 
 
Pipeline 1 is intended to maximize the area available for spreading imported water.  It will 
extend north from Miramar along the west edge of the Spreading Grounds and then east 
along the extension of Pomello Drive to the Diversion Channel.  This pipeline, sized to 
deliver 40 cfs, will allow spreading in the three of the basins proposed by PVPA.  Three 
outlet structures, one for each basin, will be provided.   
 
Pipeline 2 is intended to allow spreading operations during conditions of minimum pressure.  
This pipeline, sized for 20 cfs, will extend east across San Antonio Channel to the existing 
Lower Mountain View Pits.  Spreading will be possible when the hydraulic grade line (HGL) 
in the Foothill Feeder is relatively low.   
 
Outlet structures will be sized for the full capacity of their respective pipeline.  The proposed 
outlet structures will be located consistent with the proposed improvements by PVPA.  
Watermaster will work with PVPA to complete this project. 
 
This project does not include modifications to the basins within the Spreading Grounds.  The 
proposed facilities can be modified to accommodate both PVPA’s proposed improvements 
and Holliday Rock Company’s proposed mining operations.   
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Table ES-1 shows the preliminary cost estimate of $2.1 million based on current costs and 
$2.2 million based on 2007 price level.  This cost includes capital costs for constructing the 
connection to the District’s Intake Pipeline, a 24-inch pipeline to the Lower Mountain View 
Pits and a 36-inch pipeline north to Pomello Drive and then east along the extension of 
Pomello Drive to the Diversion Channel.  Costs for a pump station and a production well are 
not included.  District administrative costs are not included.  A 20-percent contingency is 
included in the construction cost.   
 

Table ES-1 
Capital Cost Estimate 

Item Total 
Design 150000 
Biological focused surveys & mitigation plans (allowance)          50,000  
Construction Contract Total 1,728,794 
Construction Management        160,000  
Project Capital Cost, May 2005 price level $  2,088,794  

Adjust to midpoint of construction (2007)  106% 
Project Capital Cost, 2007 price level $  2,214,122  
Note:  Does not include District administration costs. 

 
Metropolitan has committed $1.23 million to the Proposed Project.   If funding is not 
available for the remaining $1.0 million, the length of the 36-inch pipeline can be reduced 
with little impact on project operations.  Eliminating the portion that follows the extension of 
Pomello Drive to the Diversion Channel would reduce project costs to approximately $1.8 
million. 
 
Proposed Operations 
This section covers the impact of operations on groundwater production by evaluating a 
possible operational scenario.  It then reviews the monitoring that will both determine how 
much water can be spread and verify the impact of the spreading.  Finally the physical 
operation of the Proposed Project is reviewed.  As previously discussed, the Proposed Project 
will be operated in accordance with the Six Basins Adjudication.  It will allow 
implementation of storage and recovery programs and provision of replacement water in 
accordance with the Adjudication.  
 
A spreadsheet was developed to model the response of water levels in the Upper Claremont 
Heights Basin (UCHB) to spreading and recovery of imported water.   Water levels in 
Mountain View 4 well are used as the surrogate for the water levels in the entire basin.  A 
repeat of historic conditions from 1973 through 2003 is presumed – with native recharge 
limited to maintain water levels at no higher than 50 feet below ground surface (bgs).   The 
spreadsheet was used to examine a hypothetical scenario for spreading imported water.   
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The scenario presumes that up to 8,000 acre-feet of imported water is available to spread 
each year.  A maximum of 12,000 acre-feet is recovered in any year and up to 15,000 acre-
feet of imported water is kept in storage to maintain water levels and dry-year supplies. 
 
Additionally, the scenario allows up to 3,000 acre-feet of additional native water to be 
pumped if the water level is above 70 feet bgs.   
 
Implicit in these scenarios is the assumption that pumpers could change their operations if the 
Proposed Project were in place.  With the knowledge that imported water is available to 
supply replacement water, pumpers could increase their pumping.  Naturally occurring high 
water levels could be pumped down faster making additional space for both native and 
imported water spreading.  
 
This scenario demonstrates some of the options that are available and the some of the 
operational decisions that will be required.   Actual operations will be developed by an 
operating committee.  Operations will start at a low level and will increase over time as 
understanding of the response of the groundwater basin improves and the institutional 
relationships required to operate the proposed project develop. 
 
Table ES-2 summarizes the results of this scenario over a thirty-one year history. 
 

Table ES-2 
Results of Hypothetical Operational Scenario 

Presumes up to 8,000 acre-feet/year spread each year depending of basin capacity 
(based on 1973 through 2003 historic hydrology) 

 Results 
Spreading and recovery over time period (acre-feet)  

Imported water stored 165,679 acre-feet 
Imported water recovered 155,624 acre-feet 
Imported water in storage at end of period 10,055 acre-feet 
Increase in native water pumping 3,250 acre-feet 
Total increase in recovery 158,874 acre-feet 

Average annual increase in groundwater recovery 5,125 acre-feet/year 
Water levels at Mountain View 4  

Average Water Surface Elevation (135 ft bgs without project) 129 feet bgs 
Months water surface elevation 150 ft bgs or more  (131 months without project) 114 months 
Months water surface elevation 200 ft bgs or more   (66 months without project) 0 months 
Water level at end of period   (225 feet bgs without project) 160 feet bgs 

 
Table ES-2 shows that the Proposed Project can substantially increase the average 
groundwater yield in Six Basins.  At the same time, it can reduce average pump lifts and 
increase the local water supply during drought. 
 
Operations will not start at the levels used in making the above projections.   Initially, only a 
portion of the available storage will be used.  As the reaction of the basin to that storage is 
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understood and as the institutional relationships develop, operations will be cautiously 
increased. 
 
Scheduling of operations will have to be coordinated closely with Metropolitan and other 
agencies that depend on the Foothill Feeder.  Some of the scheduling challenges in the San 
Gabriel River area are worked out in a long standing committee of the replenishing agencies, 
Metropolitan, County Sanitation District as a supplier of recycled water, the County as 
operator of the facilities and sometimes the Corps as owner and operator of some facilities.  
This group meets every six weeks to two months depending upon the issues.  Three Valleys 
has attended these meetings. 
 
Annual Operating Cost 
Table ES-3 shows projections of the annual operating cost basis of an average of 5,000 acre-
feet stored and recovered per year.   
 

Table ES-3 
Annual Operating Cost 

(5,000 acre-foot/year storage and recovery.) 
Item                       Cost 

Purchase of untreated replenishment water from Metropolitan at $238 per acre-foot 
(January 1, 2005 rates) 

 $  1,175,000/year   

Energy to deliver (Assume Feeder pressure is adequate for deliveries)                        -    
Gate operations, etc during deliveries (say 4hr/d & 80 day/year, $70/hr) 22,400/year     
Increased maintenance of Spreading Grounds (say 160 hr/year at $120/hr)                   19,200/year    
Additional groundwater monitoring (say 120 hr/year at $90/hr)                   10,800/year   
Pumping energy - recovery of 5,000 af from 150 ft bgs (e= 70%; $0.12/kWh)                131,700/year  

Annual operating cost       $     1,359,100/year 
Acre-feet/year                   5,000 acre-foot 

Operating cost per acre-foot including purchase of water       $      272/acre-foot 
 
A simplified approach to quantifying the benefits is to quantify the savings to the Six Basins 
pumpers from operating the project compare the purchase, storage and recovery of untreated 
replenishment water from Metropolitan to the purchase of full service treated water.  
Table ES-4 shows this calculation based on an average storage and recovery of 5,000. 
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Table ES-4 
Annual Operating Benefit 

(5,000 acre-foot/year storage and recovery.  Does not include capital costs) 
Item  

Cost of full service treated water from Metropolitan  (90 % at Tier 1 rate of $443/acre-foot 
and 10% at Tier 2 rate of $524/acre-foot, January 1, 2005 rates) 

$451/acre-foot 

Cost of water spread and recovered by Imported Water Storage Project  $272/acre-foot 

Reduced cost of purchased water per acre-foot  $ 179/acre-foot  
Annual storage and recovery     5,000 acre-foot 

Reduced annual water supply cost presuming 5,000 acre-feet/year storage and 
recovery 

 $  895,000/year 

 
The calculation does not include the capital cost of the project.  Metropolitan has agreed to 
pay for a portion of the project’s construction due to benefits to Metropolitan’s operations 
and improved water supply reliability within Metropolitan’s service area.  Were the portion 
not funded by Metropolitan included in this calculation at a 5 percent interest rate over a 
50 year life, the increase in project costs would be only $22 per acre-foot and the Proposed 
Project would reduce annual water supply cost by $ 785,000 per year rather than $ 895,000. 
 
Project benefits to Six Basins pumpers are understated in the calculation as it does not 
address improved reliability, reducing the Six Basins pumpers dependency on imported 
supplies when there are shortages of imported supplies (either State Water Project or 
Colorado River),  deferring the need to expand treatment capacity,  and increasing 
operational flexibility of Metropolitan’s system and the State Water Project. 
 
Proposed Schedule 
Three Valley’s proposed Groundwater Storage Funding Agreement with Metropolitan 
provides supplemental funding for this project.  That agreement requires the project to be 
operational by May 2008 including a production well.  Completion of CEQA documentation 
in June 2005 is required for that agreement to be approved by the Metropolitan Board in 
August 2005.  The most difficult scheduling challenge for construction of the project and 
operations will be the anticipated biological mitigation.  A short version of the preliminary 
schedule is shown in Figure ES-3.   
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Figure ES-3 
Proposed Project Schedule 

 
 
The environmental mitigation requirements, while not costly compared to the basic 
construction costs, present a management challenge.  There are choices available for the 
timing of various steps of the environmental mitigation.  Those choices will have to be 
weighed and informed decisions made as the project moves forward.   
 
Recommendation 
The Proposed Project is physically feasible and will result in substantial direct benefits to Six 
Basins pumpers.  Those benefits are both reduced cost of water supply and improved 
reliability of water supply.  In addition the project benefits the other members of Three 
Valleys and Inland Empire, all Metropolitan member agencies and all State Water 
Contractors by improving water supply reliability during dry years. 
 
Three Valleys should proceed forward with implementation.  Completion of the 
environmental documentation is the next step.  
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Section 1 – Introduction 
 
The Imported Water Spreading at San Antonio Spreading Grounds Project (Proposed 
Project) would construct facilities to allow spreading of State Water Project water delivered 
via Metropolitan Water District of Southern California’s (Metropolitan) Foothill 
Feeder/Rialto Pipeline (Foothill Feeder) in the San Antonio Spreading Grounds (Spreading 
Grounds).  The spread water would recharge the Upper Claremont Heights Basin, one of the 
Six Basins.  This report evaluates the technical, legal, institutional, political, environmental 
and economic issues associated with the Proposed Project.  Figure 1-1 shows the Project 
Vicinity. 
 
Groundwater management in the Six Basins is governed by the stipulated judgment entered 
in Los Angeles County Superior Court, Case No. KC029152, captioned Southern California 
Water Company vs. City of La Verne, et al (Six Basins Adjudication); entered December 18, 
1998.  The Six Basins Operating Plan dated July 1999 and the Rules and Regulations of the 
Six Basins Watermaster further define the management of the Six Basins.   The Six Basins 
are further divided into the Four Basins and the Two Basins.  The Four Basins includes the 
Upper Claremont Heights Basin.  The Proposed Project will operate within the rules of the 
Six Basins Adjudication.  
 
The Six Basins Adjudication allows for the storage and recovery of imported water and for 
the spreading of imported water as replacement water.  Storage and recover is a program 
administered by an agreement between the Six Basins Watermaster (Watermaster) and a 
party to the Six Basins Adjudication to store water in the Four Basins, and subsequently 
recovering such water.  Replacement water includes imported water acquired by the 
Watermaster or provided by a party to the Six Basins Adjudication to replace production by 
the party in excess of its share of operating safe yield, carry-over rights, and storage and 
recovery rights.  The Proposed Project will allow implementation of storage and recovery 
programs and provision of replacement water. 

 
Objectives of the Proposed Project include: 

 Improve the reliability of water supply in the Six Basins. 
 Store imported water when available in order to provide supply in dry years. 
 Reduce annual and seasonal peak demand on surface water treatment plants 
 Increase operational flexibility in the SWP and Metropolitan’s transmission facilities 

by allowing delivery for recharge rather than for direct use. 
 Reduce the cost of purchased water. 
 Store water for extraction during dry years. 
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By accomplishing these goals, the project would increase overall water supply reliability for 
purveyors within the service area of Three Valleys, Inland Empire, Metropolitan and all State 
Water Contractors. 
 
Grant Agreement No. 4600003165 between Three Valleys and the California Department of 
Water Resources (DWR) Groundwater Management Assistance Fund has funded this 
feasibility study.  While Six Basins Watermaster (Watermaster) prepared and submitted the 
grant application that resulted in funding of this study, contractual issues prevented the 
Watermaster from receiving the funding.  The grant and responsibility for the study was 
assigned to Three Valleys by DWR.  While Three Valleys is managing this Feasibility Study, 
the Proposed Project will provide direct benefits to all Six Basins pumpers.  Some Six Basins 
pumpers rely on Inland Empire to provide supplemental water.  At the time of the application 
for funding, the project title was the Six Basins Groundwater Recharge Feasibility Study. 
 
This feasibility report first reviews water service in the Three Valleys Municipal Water 
District service area, the San Antonio Spreading Grounds, and the availability of imported 
water.  The Geology and Hydrology of the Six Basins area – the capacity to store water in the 
aquifer without creating high groundwater conditions – is then evaluated in detail.  Based on 
this understanding of existing conditions institutional issues including CEQA compliance and 
permitting are discussed.  Finally the proposed facilities, their operation, and an 
implementation schedule are developed.
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Section 2 – Water Service in Six Basins 
Area 
Introduction 
Water purveyors in the Six Basins area serve a combination of groundwater, local surface 
water and imported water.  Purveyors purchase imported water from either Three Valleys or 
Inland Empire.  Those two agencies receive imported water from Metropolitan Water District 
of Southern California (Metropolitan).  Due to the arrangement of Metropolitan’s facilities, 
the imported water is from ultimately from the State Water Project. 
 
Three Valleys incorporates portions of East San Gabriel Valley, Pomona Valley and Walnut 
Valley for a total area of approximately 133.3 square miles.  Population as of 2000 was 
approximately 526,000.  Table 2-1 shows Three Valley’s member agencies and their water 
sources. 
 
The Inland Empire distributes water, provides industrial/municipal wastewater collection and 
treatment services and other related utility services for the western portion of San Bernardino 
County. The Agency’s 242 square mile service area is located in the southwestern section of 
San Bernardino County.  The Agency serves the cities of Chino, Chino Hills, Fontana, 
Montclair, Ontario and Upland, as well as the Monte Vista Water District and the 
Cucamonga County Water District.   Within the boundaries, the eight retail water agencies 
that provide water to residents in the Agency’s service area are shown in Table 2-2.  Some of 
these water agencies provide water to areas outside of the Agency’s service area.  Population 
as of 2000 was approximately 620,000.   Tree Six Basins pumpers either serve Inland Empire 
members or are Inland Empire members.   The City of Upland is both a Six Basins pumper 
and an Inland Empire member agency.  West End Consolidated Water Company is a Six 
Basins pumper whose majority owner (92 percent) is the City of Upland.  Minor owners who 
receive water include Holliday Rock Company and Southern California Water Company.   
San Antonio Water Company is a Six Basin pumper and an Inland Empire member who 
delivers water to their own customers and to the cities of Upland and Ontario for use by their 
customers.   
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Table 2-1 
Three Valleys Member Agencies 

Water Supply Source Category/Agency 
Imported Groundwater Surface Reclaimed 

Municipalities     
Azusa X (1) X X  
Covina X X X  
Glendora X X X  
Industry X (1) X  X 
La Verne X X   
Pomona X X X X 
West Covina X (2) X X  

Water Companies     
Covina Irrigating Company  X X  
Southern California Water Company – Claremont District X X X  
Southern California Water Company – San Dimas District X X X  
Suburban Water Systems X (1) X X  
Valencia Heights Water Company X (1) X X  

Water Districts     
Rowland Water District X X(3)  X 
Walnut Valley Water District X X(3)  X 

Institutions     
California State Polytechnic University, Pomona  X X  
Mt. San Antonio College  X X  

Private     
Boy Scouts of America X    

Data Source: Urban Water Management Plan 2000 
(1) Imported water not supplied directly by Three Valleys Municipal Water District 
(2) City of West Covina is no longer a retail water purveyor.  Their retail system was sold to Suburban Water 

Systems.  West Covina is still a Three Valleys member agency. 
(3) Groundwater available to these agencies is of very poor quality due to high salt concentrations and is used 

for non-potable purposes.  A small amount of groundwater is purchased from La Verne, with the cooperation 
of Three Valleys.  

 
 

Table 2-2 
Inland Empire Local Retail Agencies 

Water Supply Source Category/Agency 
Imported Groundwater Surface Reclaimed 

Municipalities     
Chino X  X  X 
Chino Hills X X  X 
Ontario X X X X 
Upland X  X(1)  X 

Water Companies     
Fontana Water Company X X X X 
San Antonio Water Company X X(1) X  

Water Districts     
Cucamonga County Water District X X X X 
Monte Vista Water District X X   

Data source: Inland Empire Utilities Agency, Urban Water Management Plan Year 2000 Update 
(1) In addition to directly owning Six Basins rights, Upland owns portions of San Antonio Water Company and 

West End Consolidated Water Company, both Six Basins pumpers.    
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Surface Water Treatment Facilities 
Major treatment facilities include four surface water treatment plants: Metropolitan’s 
Weymouth Filtration Plant, Three Valley’s Miramar Water Treatment Facility and Pomona’s 
Pedley Water Treatment Plant, and the Water Facilities Authority’s Agua De Lejos Water 
Treatment Plant 
 
Weymouth Filtration Plant (Weymouth), owned and operated by Metropolitan, receives 
imported water from both the Colorado River and the State Water Project.   Metropolitan’s 
Upper Feeder, Yorba Linda Feeder and Foothill Feeder all can deliver imported water to 
Weymouth.  Weymouth treats up to 520 million gallons per day.  Treated water is delivered 
to the Central Pool portion of Metropolitan’s distribution system. 
 
Miramar Water Treatment Plant (Miramar) receives water from Metropolitan’s Foothill 
Feeder at Service Connection PM-21.  Miramar’s maximum capacity is 25 million gallons 
per day.  Treated water is delivered to the communities of Claremont and La Verne.  Water 
in excess of the demands of these two agencies is available to Southern California Water 
Company’s San Dimas Service Area and the agencies comprising the Pomona-Walnut-
Rowland Joint Water Line.   
 
Pedley Water Treatment Plant (Pedley) treats surface water from San Antonio Canyon and 
Evey Canyon.  The plant has a rated capacity of 4.0 million gallons per day.  San Antonio 
Water Company also receives surface water from San Antonio Canyon. 
 
Agua de Lejos Treatment Plant receives water from Metropolitan’s Foothill Feeder.  The 
plant has a capacity of 81 million gallons per day.  Treated water is delivered to the Water 
Facilities Authority owners:  the cities of Chino, Chino Hills, Upland, Ontario and the Monte 
Vista Water District. 
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Water Supply 
Historic water supply within Three Valley’s and Inland Empire’s service areas are shown in 
Tables 2-3 and 2-4 respectively and Figures 2-1 and 2-2 respectively.  
 

Table 2-3 
Historic Water Demand in Three Valleys Service Area 

 
Fiscal Year 

Imported 
Water 

Groundwater/ 
Surface 

Diversions 

Recycled 
Water 

 
Total Use 

1990/91 67,744 42,046 10,644 120,434 
1991/92 56,274 36,175 10,846 103,295 
1992/93 58,803 44,573 8,388 111,764 
1993/94 61,494 49,265 10,601 121,360 
1994/95 61,146 48,984 11,222 121,352 
1995/96 58,996 61,150 13,019 133,165 
1996/97 62,998 57,205 9,048 129,251 
1997/98 56,279 56,871 7,946 121,096 
1998/99 58,589 58,782 9,018 126,389 
1999/00 72,195 58,024 10,377 140,596 
2000/01 68,564 57,311 8,540 134,415 
2001/02 80,415 58,474 10,987 149,876 
2002/03 83,187 47,836 8,463 139,486 
2003/04 89,562 49,144 8,110 146,816 

 Data source:  Water Management Plan 2000 for data through 1999/00. Three 
Valleys staff for more recent data. 

 
Table 2-4 

Historic Water Demand by Inland Empire Local Retail 
Agencies 

 
Fiscal Year 

Imported 
Water 

Groundwater/
Surface 

Diversions 

 
Total Use 

1990/91      62,251       109,575  171,826 
1991/92      45,951       119,611  165,562 
1992/93      49,828       109,777  159,605 
1993/94      55,661       105,460  161,121 
1994/95      43,866       124,643  168,509 
1995/96      45,635       144,781  190,416 
1996/97      48,311       146,479  194,790 
1997/98      45,459       124,824  170,283 
1998/99      42,719       127,702  170,421 
Data source:  Urban Water Management Plan, Year 
2000 update 
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Figure 2-1
Historic Water Supply in Three Valleys Service Area
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Figure 2-2
Historic Water Supply in Inland Empire Service Area
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Projected Demand 
Projected water demand in the Three Valleys and Inland Empire service areas are shown in 
Tables 2-5 and 2-6.    These projections show an annual increase in water demand of 
approximately 1 percent.   

Table 2-5 
Projected Demand in Three Valleys Service Area 

Fiscal Year Agriculture Residential Commercial & Industrial Recycled (1) Total Use 
2005           1,500        101,820          27,800          12,500        143,620  
2010           1,300        105,064          30,300           15,600        152,264  
2015           1,200        108,234          32,200          15,800        157,434  
2020           1,000        114,538          33,700          16,000        165,238  

 Data source:  Water Management Plan 2000.  
(1)  Recycled does not include recycling for groundwater replenishment. 

 
Table 2-6 

Projected Demand in Inland Empire Service Area 
Fiscal Year Municipal and Industrial Agriculture Total Use 

2005 234,500 30,000 264,500 
2010 257,600 28,900 286,500 
2015 280,900 19,700 300,600 
2020 305,700 10,000 315,700 

 Data source:  Urban Water Management Plan, Year 2000 Update. 

 
Groundwater Supplies 
The Proposed Project would most directly affect the Four Basins Area (Canyon, Upper 
Claremont Heights, Lower Claremont Heights and Pomona basins).  Table 2-7 shows 
pumping in the Four Basins Area. 
 

Table 2-7 
Production by Pumpers in Four Basins 

(acre-feet) 
24000 1999 2000 2001 2002 2003 2004 

Operating Safe Yield  22,000  22,000  19,500  18,000   17,000   16,500 

Production 

La Verne, City of           845  1,086  787  1,306   1,400  1,412 
Pomona, City of        3,104  2,305  2,201  1,271   1,200  1,476 
Pomona College        2,168  2,670  2,445  1,166   1,905  2,149 
San Antonio Water Co.           964  885  1,303  1,339   1,285  1,355 
Southern California Water Co.        7,538  5,120  4,678  5,102   4,430  4,358 
Upland, City of        2,682  1,795  2,397  1,300   2,159  1,625 
West End Consolidated Water 
Co.        4,515  2,630  1,983  2,145   1,903  1,756 

Total  21,816  16,492  15,794  13,628   14,280  14,131 
Note:  The City of La Verne is the only pumper from the Two Basins area and production is small compared to Six 
Basins production.  In 2003, production from Two Basins was 265 acre-feet. 
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A variety of operational and water quality challenges have limited groundwater production in 
the Four Basins.   In particular, production by the City of Pomona has been limited due to 
water quality challenges in the Pomona Basin.   Pomona has recently completed permitting a 
plant to treat VOC contaminated water from two wells (P-7 and P-8) and, in a future phase 
will treat water from a third well (P-32).  With these wells in operation, Pomona’s production 
will increase substantially.  Water quality in the Four Basins area will be discussed further in 
Section 5.   
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Section 3 – San Antonio Spreading 
Grounds 
 
Spreading of imported water will occur in the San Antonio Spreading Grounds, owned and 
operated by the Pomona Valley Protective Association (PVPA).  This section reviews the 
existing facilities and the anticipated improvements to the Spreading Grounds. 
 
Existing Facilities 
The San Antonio Spreading Grounds is located within the Los Angeles County and San 
Bernardino County.     The Los Angeles County portion is within the City of Claremont, and 
the San Bernardino County portion is within the City of Upland.  San Antonio Dam is 
located on the north end of the Spreading Grounds and San Antonio Channel flows from the 
dam through the Spreading Grounds.  While this channel is located to the west of the County 
border, it is commonly used as the line to split the Spreading Grounds into a Los Angeles and 
a San Bernardino side.   State Route 210 marks the south end of the spreading grounds. 
Portions of the Spreading Grounds extend south of State Route 210.  The portions south of 
State Route 210 are not used for spreading. 
 
San Antonio Dam was constructed in 1956 and is owned and operated by the Corps of 
Engineers.  It not only provides flood control on San Antonio Channel, but also is part of the 
flood control facilities of the Santa Ana River Main Stem.  Thus its operations are 
coordinated with the Main Stem dams: Prado Dam and Seven Oaks Dam.  The rate of 
discharge from the Dam is calculated based on water levels and gate settings.  Although 
water conservation was not formally authorized as a project purpose at San Antonio Dam, it 
is the policy of the U.S. Army Corps of Engineers to assist local agencies in the conservation 
of water to the maximum extent possible without interfering with flood-control functions. 
(Corps of Engineers, 1991) 
 
The Main Diversion Gates located below the dam allows water diversions from the channel 
to the Spreading Grounds.  Two 4-foot by 4-foot gates allow diversion to the west side of the 
Spreading Grounds and four similar gates allow diversion to the east side.  These gates allow 
a maximum diversion of 800 cubic feet per second (cfs).  The maximum diversion is split 
roughly one-third, two-thirds between the Los Angeles and San Bernardino sides 
respectively.  These gates are controlled by PVPA and are locally operated locally.  While 
there are flow meters at this structure, they are not currently calibrated.   
 
Both the Los Angeles and the San Bernardino sides consist of a series of levees, check dams, 
spreading ponds and control structures which allow the water to be captured and controlled in 
such a manner as to allow the maximum underground recharge with the least interference 
with other operations and facilities.  The control structures are operated manually. 
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The facilities on the two sides are very different; with the Los Angeles side being more fully 
developed and having more control facilities than does the San Bernardino side.  The San 
Bernardino side, however, due to mining operations over a period of years that have 
produced several large pits, has a greater capacity and during wet periods more water is 
generally spread on the San Bernardino side.  A series of maintenance roads on both sides 
allow the Spreading Grounds to be periodically checked and maintained.  Only a portion of 
the land is actually used for spreading.   
 
The Los Angeles side facilities include a Diversion Channel that parallels San Antonio 
Channel.  Diversion Structures #2 through # 6 divert water to channels and basins for 
spreading.  The only named basin is Drabble Pit which receives water diverted at Diversion 
#4.  The majority of the spreading occurs along grassy and rocky channels that in some cases 
are not well defined, and in the form of sheet flow as these channels overflow.   
 
On the San Bernardino side water can be diverted into Calmat Pit No 5, the Upper Mountain 
View Pits and the Lower Mountain View Pits. 
 
While diversion of 800 cfs is possible, it is not possible to spread this flow for any period of 
time.  As a practical matter, approximately 250 cfs can be diverted.  While the majority of 
this flow will recharge the groundwater basins, some flows leave the Spreading Grounds.  
Approximately 150 cfs can be diverted and spread without any losses. 
 
Maximum spreading is also limited by the capacity of the groundwater basin.  PVPA in the 
past has limited spreading to 6,000 acre-feet in any 30-day period for two consecutive 
periods.  Watermaster and PVPA also evaluate operations with a spreadsheet model that 
calculates the impact of spreading on key wells to produce an index water level.  During the 
current year it is anticipated that spreading will exceed that amount.  Section 5 addresses the 
capacity of the groundwater basin. 
 
Anticipated Improvements 
Camp Dresser McKee (CDM) is currently under contract to PVPA to prepare conceptual 
layouts of the Spreading Grounds to improve management of spreading.  At present CDM 
envisions extending the existing Diversion Channel on the Los Angeles side of San Antonio 
Channel.  This extended channel would allow directing all spreading on the Los Angeles side 
to selected basins.  These proposed improvements are shown in Figure 3-1. 
 
Vulcan Materials Company-Western Division (Vulcan) and Holliday Rock Company, Inc. 
(Holliday Rock) lease portions of the Spreading Grounds.  Each of these companies has 
proposed mining operations on the Los Angeles side of the Spreading Grounds.  The project 
applications prepared by both companies propose mining plans and reclamation plans that are 
consistent with spreading operations.    Vulcan’s proposed operations are located generally in 
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the area shown as a proposed golf course in Figure 3-1 and are north of the area under 
consideration for spreading of imported water.  Holliday Rock’s proposed mining operations 
are within the area under consideration for spreading of imported water and are shown on 
Figure 3-2.  Holliday Rock and Three Valleys staff have met and discussed the proposed 
gravel operations and proposed spreading.  The projects are not incompatible. 



040740                        April  2005                 Figure 3-1

San Antonio Spreading Grounds
Improvements Proposed by

Pomona Valley Improvements 
Association

Imported Water Spreading at 
San Antonio Spreading Grounds

Three Valleys Municipal Water District
Claremont, California

Source:  CDM, October 2001
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Section 4 – Imported Water Source 
 
The proposed project would store imported water delivered via the Foothill Feeder and 
Miramar’s Plant Intake Pipeline (Intake Pipeline).   This section addresses those facilities. 
 
Foothill Feeder  
The Foothill Feeder begins at the Devils Canyon Power Plant of the State Water Project and 
runs westerly to Metropolitan’s Live Oak Reservoir.  From Live Oak Reservoir it continues 
to Weymouth.  The Foothill Feeder is a 121.5-inch diameter, concrete-lined and coated steel 
pipe with a rated capacity of 611 cfs in the vicinity of Miramar.  It crosses through the 
Spreading Grounds in line with Miramar Avenue and within a 200-foot wide easement.  
Figure 4-1 shows the Foothill Feeder in the vicinity of Miramar. 
 
Deliveries to the Miramar Treatment Plant are made at Service Connection PM-21 (PM-21) 
located along Miramar Avenue just west of the Spreading Grounds.   PM-21 has a capacity 
of 80 cfs. 
 
The maximum water surface elevation at the Devil Canyon Power Plant Afterbay of 1930 
feet establishes the maximum possible pressure in the Foothill Feeder.  Actual flow and 
pressure available for the project depends on flow in the pipeline for other purposes including 
supply to Metropolitan’s Weymouth Water Treatment Plant and other spreading operations.     
 
Predicting the availability of water is a challenge for a spreading project.  By its nature, 
spreading operates opportunistically – water is available for spreading after direct deliveries 
are met.  This section will review the hydraulics to develop an understanding of the range of 
possible deliveries.  It will then review the operational history of the Foothill Feeder and 
recent trends to evaluate probabilities of delivery rates and pressures. 
 
Located very near to the Spreading Grounds is a topographic high in the Foothill Feeder, 
which controls the maximum flow in the Reach.  This topographic high is at an elevation of 
1640 feet above sea level.   Thus, the hydraulic grade line at PM-21 can vary from a high of 
1930 feet to a low elevation of 1640 feet above sea level. 
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Figure 4-2 is a probability of exceedence curve showing the hydraulic grade line at PM-21 
for a three-year period ending with June 1999 and for a one-year period ending with October 
2004 and for the four years combined.  The figure shows the result of recent increased use of 
the Foothill Feeder.  Reduced availability of Colorado River Water to supply the Weymouth 
Treatment Plant and increased demand for imported water have resulted in increased flows 
and reduced pressures in the Foothill Feeder.  While this trend will vary from year to year, 
Metropolitan will be relying more on the State Water Project and less on the Colorado River 
than in the past.  This shift in supply also shifts flows to the Foothill Feeder.   The historical 
data provided by this figure does not predict future pressure availability.    Metropolitan 
recognizes these challenges and is committed to work with member agencies to accomplish 
recharge. 

Figure 4-2
Hydraulic Grade Line at PM-21 Probability of Exceedence (all seasons)
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Miramar Water Treatment Plant Intake Pipeline 
The 60-inch diameter Intake Pipeline is at an elevation of 1620-feet above sea level.  The 
Intake Pipeline has a hydroelectric plant to take advantage of the high pressure (up to 1930 
feet above sea level) and a bypass to use in low-pressure situations.   
 
PM-21 is located on the Miramar site just west of the Spreading Grounds as shown on 
Figure 4-3.  The connection was installed in 1986 and has a capacity of 80 cfs.  In addition 
to the existing MWD meter there is a “Y” connection that is equipped with a 24-inch 
diameter flange, which could be activated with the installation of a meter and valves.  The 
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existing meter is more than adequate as Miramar has a maximum capacity of 25 million-
gallon per day or 40 cfs.   
 
From the PM-21 water is conveyed in the Intake Pipeline that extends east to the east 
property line of Miramar and then north along the property line.  The water can be delivered 
by gravity into the plant or when there is adequate pressure can be delivered to the plant 
through a hydroelectric plant.  At the southeast corner of the treatment plant site where the 
60-inch pipe makes a 90-degree turn there is a “Y” outlet.  Unfortunately the “Y” is pointing 
in the wrong direction and its use during high flow conditions will undoubtedly result in 
cavitation.  This connection can possibly be reversed or a simple "T" connection installed. 
 
The capacity of PM-21 is adequate to provide 40 cfs to the plant (maximum plant capacity) 
and concurrently provide up to 40 cfs (3,380 acre-feet in one month) for spreading.  As 
Metropolitan charges its customers at 10% of the meter capacity when flow is less than 10%, 
every effort is made to maintain a flow greater than 8 cfs.  The use of PM-21 would not 
require a change in the MWD metering or the addition of another MWD connection.  As the 
expense of an additional MWD meter and connection is high this addition will not be 
considered for economic reasons. 
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Section 5 – Geology and Hydrogeology 
 
Introduction 
This section provides information on the capacity of the Six Basins to store imported water 
spread at the San Antonio Spreading Grounds.  It also discusses the potential risks associated 
with the spreading of State Water Project water, or of natural runoff water, in the San 
Antonio Spreading Grounds, and offers possible solutions to these risks.  It starts by 
discussing the general geologic and hydrologic characteristics of the Six Basins to establish 
background information and then addresses critical issues of utilizing the Spreading Grounds 
for groundwater recharge.   The issue of potential rising groundwater, a historical problem in 
the Six Basins, is described and the relationship of Spreading Grounds recharge to rising 
groundwater emphasized.  Short discussions of current groundwater level monitoring 
programs are presented, followed by a detailed discussion on how monitoring can be used to 
determine recharge capacities in various parts of the basin and to estimate acceptable 
spreading amounts.  State Water Project water and local groundwater chemical constituents 
are compared to determine if potential water quality problems associated with spreading 
State Water Project water exist.  Finally, conclusions on the overall affects to the critical 
issues in the report are summarized.   
 
General Geology 
The Six Basins consist of six interconnected groundwater basins underlying portions of the 
cities of Claremont, La Verne, Pomona, Upland, and surrounding unincorporated areas of 
Los Angeles and San Bernardino counties.  The Six Basins are shown on Figure 5-1 and 
include Canyon Basin, Upper Claremont Heights Basin (UCHB), Lower Claremont Heights 
Basin (LCHB), Pomona Basin, Live Oak Basin and Ganesha Basin.  The San Gabriel 
Mountains on the north, the San Jose Hills on the southwest, the Main San Gabriel Basin on 
the west, and the Chino Basin on the east bound the Six Basins.   
 
The area is a gentle southwesterly-sloping alluvial fan along the southern base of the San 
Gabriel Mountains.  Extensive folding and faulting, which began in Pleistocene time and has 
continued with decreasing intensity to the present, produced the San Gabriel Mountains part 
of the Transverse Ranges Geomorphic Provinces of Southern California.  The Transverse 
Ranges Geomorphic Provinces extend from the Eagle Mountains westerly to the Channel 
Islands.   
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Individual basins are defined by faults and physical boundaries many of which do not have 
surface expression.  The precise locations of these boundaries are difficult to determine.  
Because the number and locations of these faults and boundaries were estimated from 
groundwater level changes in hydrographs, their number and location are inconsistent in the 
literature.  For the purposes of this report, the basins are in general accordance with the  
stipulated judgment entered in Los Angles County Superior Court, Case No. KC029152, 
captioned Southern California Water Company vs. City of La Verne, et al. (Six Basins 
Adjudication).   The basins are as follows:  The Indian Hill Fault separates the Live Oak, 
Upper and Lower Claremont Heights, and Canyon basins to the north from the Pomona and 
Ganesha basins to the south (Figure 5-1).  The Sierra Madre – Cucamonga Fault separates the 
Canyon Basin to the north from the Live Oak Basin, UCHB, and LCHB to the south.  The 
San Antonio Fault separates the Ganesha Basin from the Pomona Basin to the east.  The 
LCHB is separated from the Live Oak Basin to the west and the UCHB to the east by the 
Thompson Wash and Claremont Heights barriers, respectively.   The San Jose Fault separates 
the Six Basins from the Chino Basin.  
 
Mapping by the California Geological Survey shows seven alluvial units in the Six Basins 
area: very old alluvial fan deposits, older alluvial fan deposits, and five generations of 
younger alluvial fan deposits.  These alluvial units were developed by the Southern 
California Areal Mapping Project and can be distinguished by their environment of 
deposition.  Each unit has assigned liquefaction susceptibility (California Division of Mines 
and Geology (CDMG), 2000).  However, most of these units are indistinguishable in well 
logs and in driller’s reports, and the historical literature generally recognizes only two 
alluvial units: older alluvium and younger alluvium.  The latter two-unit subdivision will be 
used in this report.   
 
Basement rocks to the alluvium consist of a heterogeneous mass of igneous and metamorphic 
rocks identical to the San Gabriel Mountains.  The basement rocks are principally granite, 
gneiss, and schist, but include sandstone and shale units found in the San Jose Hills to the 
south.  Basement rocks are generally considered to be non-water bearing, except where water 
occurs in fractures within the rock mass.   
 
Alluvial units consist of unconsolidated, well-graded boulders, cobbles, gravels, sands, silts, 
and clays eroded from the San Gabriel Mountains and carried into the valley by major 
mountain drainages.  The younger alluvium unit ranges from a thin veneer on older 
formations to a thickness of approximately 200 feet.  The thickness of the older alluvium is 
also variable and ranges from a few feet near the margins of the basin to as much as 1,000 
feet in some areas.  A period of erosion and weathering occurred before deposition of the 
younger alluvium.   This erosion event produced an uneven surface, a darker color (yellow or 
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red), a higher clay percentage, more consolidation, and locally an upper portion with a 
residual clay cap.   
 
Hydrology 
Groundwater recharge to the Six Basins occurs by infiltration from man-made water 
spreading and control structures, subsurface inflow, and by direct recharge from precipitation 
and applied water.  San Antonio Channel is the principal tributary stream with a drainage 
area of approximately 28 square miles (Bookman-Edmonston (B-E), 1987).  Headwaters to 
San Antonio Channel originate in the eastern end of the San Gabriel Mountains, which are 
characterized by steep rugged terrain and elevations of 8,000 feet above sea level and greater.   
San Antonio Dam is operated as a flood control structure by the US Army Corp of Engineers 
and, in agreement with the Pomona Valley Protection Agency (PVPA), is used to enhance 
the conservation of water on San Antonio Channel by controlled groundwater spreading in 
the Spreading Grounds creating direct recharge to the UCHB.  Live Oak Canyon is the 
second largest tributary with a watershed of approximately 1,850 acres (Civiltec, 2003).  
Water from Live Oak Canyon enters the Six Basins at the Live Oak Spreading Grounds, 
which is operated by the Los Angeles County Flood Control District, and supplies water to 
the Live Oak Basin.  Captured stream flow at the Thompson Spreading Grounds is retained 
for percolation into the Canyon Basin by the PVPA.  The City of Pomona operates the 
Pomona Spreading Grounds and recharges groundwater to the UCHB from the City’s 
surface-water allocation on San Antonio Channel during periods of peak runoff.  Table 5-1 
gives the total and average groundwater spread in the San Antonio, Thompson, and Pomona 
spreading grounds.  The average recharge by spreading to the Six Basins as estimated at 
6,894 acre-feet/year.  Montgomery (1993) estimated the spreading recharge amount to be 
7,850 acre-feet/year.  Subsurface outflow from Canyon Basin, UCHB and, to a lesser extent, 
Live Oak Basin replenishes the remaining basins.   

 
Table 5-1 

Groundwater Recharge By Spreading Grounds 
` Years Water Spread 

 (acre-feet) 
Average 

(acre-feet/year) 
San Antonio(1) 1930 to 2000 428,991 6,042 
Thompson(1) 1939 to 2000 5,333 87 
Pomona(1) 1949 to 2000 26,311 516 
Live Oak(2)  1964 to 1986 5,729 249 
  Total 6,894 
(1) Data from PVPA                     
(2) Bookman-Edmonston (1987, Appendix A)   

         
Subsurface inflow into the Six Basins occurs as a result of the release of stored water from 
fractured rock of the mountainous watersheds to the north.  B-E (1987) estimated the 
subsurface inflow to average 6,800 acre-feet/year. Calibration of the Upper Santa Ana Basin 
groundwater model suggests a subsurface inflow of 3,400 acre-feet/year (Montgomery, 
1993).    
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Direct recharge to the Six Basins occurs by precipitation and percolation of applied water. 
Annual rainfall in the Live Oak watershed was estimated by Civiltec (2003) to be 
approximately 18-inches, however, the average annual precipitation as measured at the San 
Antonio Dam (Station 1115) from 1956 to 2002 is 23.22 inches.  Montgomery (1993) 
estimated the average direct recharge to the Six Basins to be 6,910 acre-feet/year.  B-E 
(1987) estimates the total recharge from direct precipitation, domestic, agricultural, and 
wastewater return flows to be about 11,200 acre-feet/year. 
Groundwater is lost from the Six Basins by subsurface outflow, extraction, and by surface 
flow and evapotranspiration related to rising water in areas of historical cienegas or marshes.  
Subsurface outflow from the Six Basins recharges the Main San Gabriel Basin to the west 
and, to a minor extent, the Chino Basin to the south.  Subsurface outflow to the Chino Basin 
has not been estimated, and is considered to be very low (B-E, 1987).   Montgomery (1993) 
estimated a net subsurface flow from model calibration of about 4,260 acre-feet/year, and 
Camp Dresser & McKee (CDM, 1997) uses an estimate of 4,000 acre-feet/year in their 
model.   
 
Cienegas (Spanish for marshes) have historically existed in the Six Basins area and flowing 
water has occurred during several periods.  The cienegas are shown on Figure 5-1.  Each of 
these areas are discussed in greater detail below under Rising Water Impacts.  No annual 
groundwater loss from cienegas has been estimated.   
 
Groundwater loss is principally by extraction.  Extraction rates from 1999 to 2003 have 
ranged from 13,628 acre-feet in 2002 to 21,816 acre-feet in 1999 with an average of 16,411 
acre-feet/year.  Producers in the Six Basins include the City of La Verne, City of Pomona, 
Pomona College, San Antonio Water Company, Southern California Water Company, City 
of Upland, and the West End Consolidated Water Company. 
 
Hydrogeology 
Groundwater occurs both as unconfined and confined.  In the upper basins where material is 
generally coarser and mostly younger alluvium the groundwater is unconfined, but where 
fine grained silts and clays overlie more permeable materials the groundwater can be 
confined beneath the finer layers.  The general direction of groundwater flow is south to 
southwest, but is affected locally by pumping wells, faults, and recharge, which occurs 
mainly in the spreading basins of San Antonio, Thompson Creek, Pomona, and Live Oak.  
The groundwater flow direction and gradient are about south 23° west and 0.04 ft/ft in the 
UCHB.   
 
Four of the six basins are potentially affected by spreading in the Spreading Grounds.  These 
are: the Canyon Basin, UCHB, LCHB, and the Pomona Basin.  A brief discussion on the 
hydrogeology of each basin and their relationship to spreading in the Spreading Grounds 
follows. 
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The Canyon Basin underlies an area of approximately 1,500 acres located at the mouth of 
San Antonio Canyon, and is estimated to be about 200 feet thick with a storage capacity of 
about 15,000 acre-feet and an average specific yield of 0.10 (Montgomery, 1993).  The basin 
fills rapidly and groundwater discharges across the Sierra Madre – Cucamonga Fault zone, 
which separates the Canyon Basin from the UCHB and LCHB.  About one-third of the 
Spreading Grounds is located on the Canyon Basin, and due to the historical procedure of 
spreading natural runoff water from north to south in the Spreading Grounds, the Canyon 
Basin is first to fill during spreading operations.  There is no information on the hydrologic 
conductivity of the Sierra Madre – Cucamonga Fault zone, neither Montgomery (1993) nor 
CDM (2002) model the fault zone as a barrier to groundwater flow with a lower hydrologic 
conductivity.   
 
The UCHB underlies an area of about 3,000 acres and consists of Recent and Pleistocene age 
sediments up to about 1,000 feet thick, with a storage capacity estimated to be about 100,000 
acre-feet and an average specific yield of 0.10 (Montgomery, 1993).   The UCHB represents 
the major source of recharge to the Six Basins due to spreading in the Spreading Grounds.  
The UCHB is separated from the Pomona Basin by the Indian Hill Fault, which from 
hydrographic data is a significant barrier to groundwater flow and was modeled accordingly 
by both Montgomery (1993) and CDM (2002).    
 
The LCHB consists of approximately 1,400 acres with a sedimentary thickness of about 700 
feet, and contains some 20,000 acre-feet of storage with a specific yield of 0.09 
(Montgomery, 1993).   The principal source of recharge to the basin is by subsurface 
groundwater flow from the Canyon and UCHB.  No areas of historical high groundwater 
occur in the LCHB.    
 
The Pomona Basin consist of alluvial sediments up to 1,200 feet thick and Montgomery 
(1993) has estimated the area to be about 5,800 acres and contain approximately 200,000 
acre-feet of storage with an average saturated thickness of 400 feet and a specific yield of 
about 0.081.  The Pomona Basin consists of at least two aquifers: an unconfined and a 
confined aquifer.  The confined aquifer represents most of the basin’s storage and occurs 
beneath clay layers generally with overlying perched or unconfined aquifers.  Most of the 
historical rising groundwater problems discussed below occur in the Pomona Basin and are 
associated with the unconfined aquifers and adjacent faults.   
 
Figure 5-2 is a geologic cross-section through the UCHB and the Pomona Basin.  The 
location of cross-section AA’ is shown on Figure 5-1.  The relationships between faults and 
groundwater flow are discussed further below.  
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Effects of Faults on Groundwater 
The size and number of the basins composing the Six Basins are not consistent in the 
literature.  The effects of the faults and barriers on groundwater flow and elevations are also 
not well established.  However, it is generally accepted that the Sierra Madre – Cucamonga, 
Indian Hill, and San Jose faults are major basin bounding faults and play a significant role in 
groundwater flow and elevation.  Well hydrographs on opposite sides of these faults indicate 
that these faults are significant barriers to groundwater flow.  The importance of the San 
Antonio Fault and the Thompson Wash and Claremont Heights barriers as groundwater 
barriers are less clear.  The Intermediate Fault of Bean (1980) and Montgomery (1993) acts 
as a barrier to groundwater flow from west to east in the Pomona Basin.  Bean (1980, 1982), 
B-E (1987), Montgomery (1993), and CDM (1996, 2002) indicate the importance of faults to 
the location of historical high groundwater. The areas of Downtown Claremont and the 
Martin Cienaga (Figure 5-1) appear to be related to the Intermediate Fault.  The Greensboro 
Court and Padua Avenue high groundwater areas are probably related to the Indian Hill 
Fault, and the Palomares and Del Monte cienegas are located along the San Jose Fault.  The 
Mount Baldy Road high groundwater area occurs near the Sierra Madre – Cucamonga Fault 
and a projection of the San Gabriel Mountains.  The relationship of the Pomona College high 
groundwater area to basin faults is less clear. 
 
Rising Water Impacts 
Of particular concern in the planned recharging of natural runoff, or of the spreading of State 
Water Project water, are the potential effects to historical areas of rising water and to new 
constructions like State Route 210 and gravel operations.  Presented below are discussions of 
the history of rising water in the Six Basins, and the potential new impacts that could be 
related to spreading in the Spreading Grounds.  Further in this report, rising water controls, 
such as the recently completed groundwater monitoring well system and methods for 
determining the recharge capacities of the aquifer are discussed.   
 
History of High Groundwater 
A number of cienegas have historically produced rising water in the cities of Claremont and 
Pomona.  Reports as early as 1888 record areas where flowing water occurred (B-E, 1987).  
Increased water use has generally lowered the groundwater levels in these areas, but 
following very wet years groundwater levels rose high enough to be a serious problem. In 
addition to historical cienegas, prior investigations have identified several other areas where 
historical high groundwater has occurred.  A total of eight areas have been identified.  From 
north to south on Figure 5-1 these are: Mount Baldy Road, Padua Avenue, Greensboro Court, 
Downtown Claremont, Pomona College, and the Martin, Del Monte, and Palomares 
cienegas.  The discussion below is not intended to be an in-depth history of rising water in 
the area or of its impacts, but is intended to discuss areas of concern with the potential 
spreading of State Water Project water or with the recharging of natural runoff in the 
Spreading Grounds.  For a more detailed history of rising water the reader is referred to Bean 
(1980 & 1982), B-E (1987), and CDM (2002).  
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The Mount Baldy Road area is located in the Canyon Basin near the intersections of Mt. 
Baldy Road and Mills Road where the Canyon Basin narrows between the San Gabriel 
Mountains and the Sierra Madre – Cucamonga Fault.  There is little reported information on 
this area.  Montgomery (1985) suggests that the rising water probably returns to the lower 
basins as recharge.  The Mount Baldy Road area is located between the Thompson Creek and 
Spreading Grounds.  High periods of spreading in the two spreading grounds combined with 
natural recharge from smaller streams draining the San Gabriel Mountains probably result in 
rising groundwater on the north side of the Sierra Madre – Cucamonga Fault.   
 
The Padua Avenue area is located at the southern end of the Spreading Grounds in the UCHB 
in the vicinity of Padua Avenue and Shenandoah Drive.  The occurrence of rising water in 
this area is probably related to spreading activity at the Spreading Grounds.  Hydrographs for 
the Mountain View 4 and Mills 1 wells show a correlation between high groundwater levels 
and spreading amounts greater than 20,000 acre-feet.  This correlation is discussed in more 
detail below.  Historical high groundwater impacts have been limited to local flooding of 
gravel operations.  The Mountain View 4 well can be used to determine at what recharge 
amounts rising water impacts would occur.  
 
The Greensboro Court area is located in the UCHB a few hundred feet south of Pomona 
Tunnel Well 3 well and the Pomona Spreading Grounds.  The hydrograph for Pomona 
Tunnel Well 3 does not show groundwater above than 70 feet (1969) below ground surface 
(bgs) from 1958 to 2004 despite spreading amounts in San Antonio Spreading Grounds as 
high as 30,152 acre-feet (1977-1978).  This is significant in that both the Mountain View 4 
and Mills 1 wells show groundwater levels above 50 feet bgs up to six times during this 
period, and the Martin Cienega had flowing artesian or near flowing conditions during nine 
years of this time period (see Martin Cienega).  This could be a result of groundwater 
production by the City of Pomona in the Pomona Tunnel Wells area during periods of rising 
groundwater or, as is more likely the case, the result of local perched water conditions in the 
upper part of the aquifer as suggested by CDM (2002).  CDM (2002) recommended keeping 
groundwater elevations in the Pomona Tunnel Well area below 1,300 feet.   
 
The Downtown Claremont area represents a small area in the upper part of the Pomona 
Basin.  There is little information on the area, but two hydrographs used by B-E (1987, 
Figure IV-4) illustrate that a shallow perched aquifer occurs over a deeper aquifer in this 
area.  Well 4489B (B-E, 1987 Figure IV-4) shows groundwater elevations consistently at 
about 1,150 feet, where as well 4489 shows groundwater elevations below 1,150 feet.  This 
demonstrates that the local high groundwater conditions are probably the result of local 
perched groundwater.  Spreading in the Spreading Grounds will not cause high groundwater 
conditions in the Downtown Claremont area unless the aquifer becomes saturated above the 
perched layer.  Groundwater conditions in the Downtown Claremont area appear to be 
similar to that of the Greensboro Court area.  The Intermediate Fault probably acts as a 
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barrier to groundwater flow in the Downtown Claremont area and to the Martin Cienega.  
This would cause higher groundwater levels on the north side of the fault.    
 
The Pomona College high water area is located north of the Del Monte Cienega and some 
historical reports have combined the two (B-E, 1987).  Others combined the area with the 
Downtown Claremont area and the Del Monte Cienega (Bean, 1980).  The cause of the 
historical high groundwater in this area is unknown.  Bean (1980) suggests that groundwater 
flowed laterally from blocked artesian wells until it was able to escape to the surface. Until 
recently the only well in the area was College Well 2 and no hydrographs exist for this well.  
Monitoring Well 3 (MW 3) was drilled by the Three Valleys in December of 2003.  The 
depth to bedrock in MW 3 is about 1,270 feet, and no clay layer was encountered to produce 
a confining layer which would cause artesian or perched groundwater conditions.  MW 3 was 
installed with a submersible pressure transducer to provide continuous groundwater elevation 
monitoring.  This will assist in understanding the cause of high groundwater in the area.   
 
The Martin Cienega, also called Pilgrim Place in the literature, is located in the center of the 
Pomona Basin on the north side of the Intermediate Fault.  Groundwater discharge to the 
surface has occurred numerous times in this area.  The hydrograph for the Berkley well 
shows that groundwater was discharged the surface in 1959, from 1969 to 1971, from 1979 
to 1981, and again in 1983.  The Harrison 1 well also shows significant periods of high 
groundwater.  These wells are shallow at approximately 160 feet in depth and groundwater 
levels are probably indicative of perched conditions in the upper Pomona Basin similar to 
that found in the Downtown Claremont area.  CDM (2002) reports groundwater depths from 
200 and 250 feet in deeper wells north and west of the Martin Cienega during the same time 
as high groundwater in the Berkley and Harrison 1 wells.   
 
Berkley and Harrison 1 hydrographs clearly show a correlation with spreading in the 
Spreading Grounds, but with a lag time of about 12 to15 months.   The most likely cause of 
the high groundwater in the Martin Cienega is that high recharge in the UCHB becomes 
trapped against the Intermediate Fault and produces a rise in the perched groundwater due to 
the Pomona Basin becoming saturated next to the fault.  A second explanation could be that 
the perched groundwater in the Martin Cienega extends to the Indian Hill Fault and high 
recharge in the Spreading Grounds produces a rise in the groundwater level of the perched 
groundwater that is then prevented from flowing south by the Intermediate Fault or by a 
reduction in the thickness of the perched aquifer.   
 
High groundwater in the Del Monte and Palomares Cienegas is caused by groundwater being 
trapped against the San Jose Fault.  Groundwater level differences between the Six Basins 
and the Chino Basin clearly show that the San Jose Fault is a barrier to groundwater flow, 
and that without groundwater extraction at the southern end of the Six Basins groundwater 
elevations will rise if high recharge is applied.  The hydrograph for Pomona well P-7 shows 
groundwater elevations less than 50 feet from the surface since about 1995.  Groundwater 
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depths in the P-1 Old well have ranged from 30 to 35 feet during the first half of 2004.  
Increased pumping in these areas will mitigate high groundwater impacts.    
 
Physical Changes Since Last High Groundwater 
High groundwater last occurred in the UCHB in 1993.  Physical changes that have occurred 
to the Basin since then that could potentially be impacted by spreading in the Spreading 
Grounds include the State Route 210 highway and current gravel operations in the Spreading 
Grounds.  Each of these is discussed below. 
 
The construction of State Route 210 through the Six Basins and near the southern end of the 
Spreading Grounds presents new potential impact to high groundwater effects.  To determine 
the effect of spreading State Water Project water, or natural recharge water, in the Spreading 
Grounds on State Route 210, as-built drawings were obtained from the San Bernardino 
Associated Governments for portion of the San Bernardino County side, and from the 
California Department of Transportation Division 7 for portions of the Los Angeles County 
side.  These As Built diagrams show the excavated depths of State Route 210 from about 
Indian Hill Boulevard on the west to Mountain Avenue on the east.  In general, the base of 
State Route 210 starts at an elevation of about 1,366.22 feet above sea level near Indian Hill 
Boulevard and increases to 1,426.54 feet at the Mills Avenue overpass, to 1,492.47 feet at the 
Monte Vista Avenue overpass, to 1,689.63 feet at the Benson Avenue overpass, and finally to 
1,710.96 feet at the Mountain View overpass.   
 
The Spreading Grounds extends from Monte Vista Avenue to Benson Avenue.  The lowest 
portion of State Route 210 in the Spreading Grounds is at the Monte Vista overpass 
(1492.47) very close to Six Basins Well 2 (MW 2) at the northeast corner of Baseline and 
Monte Vista (Figure 5-1).  MW 2 was completed in April of 2004.   
 
The Padua Avenue historical high groundwater area is located just to the south of State Route 
210 and MW 2 (Figure 5-1).  As part of the construction of State Route 210, the gravel pit, 
(actual site where the historical high groundwater occurred) was partially regraded and the 
lowest point (elevation 1,399.97 feet) near State Route 210 was filled in.  The lowest point in 
the gravel pit is now at 1,409.58 feet or 82.89 feet below the base of the lowest point on State 
Route 210 in the Spreading Grounds (1,492.47 feet at the Monte Vista overpass).   The 
surface elevation of Mountain View 4 is about 1,470 feet and the estimated elevation of MW 
2 is about 1,522 feet.  This would suggest that for rising water to impact State Route 210 the 
groundwater elevation in Mountain View 4 would have to rise to near surface, flooding the 
gravel pit by about 83 feet of water and the depth to groundwater in MW 2 would need to be 
less than 30 feet below surface.  Figure 5-3 is a cross-section BB’ showing the relationships 
between MW 2, Mountain View 4, State Route 210, and the Padua Avenue historical high 
groundwater area.  Because of the conservative methodology used to prepare the recharge 
capacity calculations discussed below, no impacts to State Route 210 should occur due to 
spreading in Spreading Grounds provided the recharge capacities are not exceeded.  
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High groundwater levels could affect current and proposed gravel mining operations in the 
Spreading Grounds.   The Padua Avenue historical high groundwater area, which consists of 
the gravel pit south of State Route 210, was originally excavated to a depth of about 1,399.97 
feet according to maps provided by the California Department of Transportation Division 7.  
The pre-mining surface elevation in this area was about 1,500 feet suggesting that about 100 
feet of material was removed by the gravel mining operation.  In a Project Application 
submitted to the City of Claremont Community Development Department on behalf of 
Vulcan Materials Company, a proposed gravel mining operation would remove up to 100 
feet of material on the Los Angeles side of the Spreading Grounds (Vulcan, 2004).  Because 
gravel operations are likely to occur at depths to 100 feet below current surface elevations, 
spreading of State Water Project water or natural runoff water could raise groundwater levels 
to a point that would adversely affect gravel mining operations. 
 
A map provided by Vulcan in the Project Application (Miscellaneous Map No. 010) suggests 
that aggregate sources could be depleted on current gravel mining operations in 2006.  The 
time period of the proposed operations is not specified.  In addition to Vulcan, Holliday Rock 
also holds leases with the PVPA that could create future mining operation in the Spreading 
Grounds.  
 
The PVPA currently spreads natural runoff water in gravel pits on the east side of San 
Antonio Diversion Channel on the San Bernardino side of the Spreading Grounds.  Details of 
the agreement(s) between the PVPA and the gravel operations for using the gravel operation 
to spreading natural runoff are unknown.   
 
Rising Water Well Monitoring Program 
This report utilized twenty-three well hydrographs to estimate groundwater levels created by 
spreading in the Spreading Grounds.  The wells are shown on Figure 5-1 and are listed in 
Table 5-2.  Of the twenty-three wells, thirteen wells have hydrographs that can be used to 
estimate recharge capacities in the UCHB and Pomona Basin; five are currently used to 
estimate recharge availability by the PVPA; six are used by CDM (2002) for their 
groundwater model calibration; and all but four of the wells have hydrographs maintained by 
Bookman-Edmonston for the Six Basins Watermaster or for Three Valleys.  Well hydrograph 
users are listed in Table 5.1. Using all of these wells to continuously monitor groundwater 
levels would provide significant information on the details of rising groundwater due to 
spreading in the Spreading Grounds.  The information will yield a better understanding of 
groundwater flow patterns and rates and be used to fine-tune spreading procedures and 
amounts to more effectively utilize groundwater storage resources without producing 
significant effects related to rising groundwater.    
 
For purposes of implementing a water spreading operation in the Spreading Grounds a 
groundwater monitoring program will be implemented to insure that rising groundwater does 
not cause adverse effects to the Six Basins, and to estimate the amounts of imported water 
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that can be spread each year.  If the operational goals were a simple yearly put and take 
spreading operation with only imported water and no natural runoff recharge, and the 
groundwater was limited to the UCHB, then a monitoring program could be as simple as 
maintaining hydrographs from a few key wells in the UCHB.  However, if the goal is to fully 
utilize runoff from San Antonio Canyon, spread the maximum amount of imported water, 
and operating a complex multiyear put and take operation that could affect both the UCHB, 
Pomona Basin, and possibly the LCHB, a larger number of hydrographs will need to be 
maintained.  Because the latter goal is the most effective way to utilize the Six Basins’ 
resources, maintaining most or all of the twenty-three hydrographs listed in Table 5.1 is 
recommended.   
 
Using the five PVPA well hydrographs (see Table 5.2) to estimate the available recharge 
capacity of the UCHB should be continued and both the Montgomery (1993) spreadsheet 
model and the B-E method (described below) should be used to estimate the recharge 
capacity.    If the spreading of imported water is done on a multi-year put and take operation, 
then increased groundwater production will probably be required in the UCHB and possibly 
the Pomona Basin to prevent possible high groundwater effects due to spreading.  Monitoring 
all twenty-three well hydrographs will help determine the amount and location of 
groundwater pumping.    

Table 5-2 
Rising Water Monitoring Program Wells 

Name State Well Number Sub Basin Well Owner Hydrographs 
Users 

Years 

Berkley 01S/08W-09G03 S Pomona SCWC CDM 1958-2004 
College 1 01N/08W-35Q01 S UCH Pomona College PVPA, B-E 1921-2004 
Del Monte 1 01S/08W-10N01 S  Pomona SCWC CDM 1958-2004 
Del Monte 2 01S/08W-10N02 S Pomona SCWC CDM 1958-2004 
Fair Oaks 01S/08W-10B01 S Pomona SCWC B-E 1931-2003 
Foothill 3 01S/08W-25L01,02 S UCH West End CWC PVPA, B-E 1990-2004 
Ford 1 01S/08W-09E02 S Pomona SCWC B-E 2002-2004 
Harrison 1 
(Home) 

01S/08W-09L03 S  Pomona SCWC CDM 1958-1996 

Mills 1 01S/08W-03G02 S UCH SCWC CDM, B-E 1921-2004 
Miramar 3 01N/08W-35E01 S UCH SCWC PVPA, B-E 1929-2004 
Mountain View 4 01S/08W-02F01 S UCH West End CWC PVPA, B-E 1948-2004 
MW 1 N/A UCH Six Basins B-E, Three Valleys 

& Six Basins 
2004 

MW 2 N/A UCH Six Basins B-E, Three Valleys 
& Six Basins 

2004 

MW 3 N/A Pomona Six Basins B-E, Three Valleys 
and Six Basins 

2004 

Old P-1 01S/08W-17P01 S Pomona City of Pomona B-E 2002-2004 
P-20 01S/08W-04L01 S LCH City of Pomona B-E 2002-2004 
P-7 01S/08W-17K02 S Pomona City of Pomona B-E 1957-2004 
P-9 01S/08W-08H02 S Pomona City of Pomona B-E 1931-2002 
SAWC 28 01N/08W-36D01 S UCH SAWC B-E 2003-2204 
SAWC 33 N/A Canyon SAWC B-E 2003-2004 
Tunnel Well 3 01S/08W-03F03 S UCH City of Pomona PVPA, B-E 1957-2004 
Tunnel Well 4 01S/08W-03F05 S UCH City of Pomona B-E 2002-2004 
Upland 2 01N/08W-24E01 Canyon City of Upland B-E 1931-2004 
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Recharge Capacity  
To estimate how much spreading could occur in the Spreading Grounds without producing 
adverse high groundwater effects, recharge capacities were estimated for the UCHB and 
Pomona basins.  By using hydrographs from thirteen wells and the historical spreading 
records for the Spreading Grounds the effect of recharge on groundwater levels were 
estimated and the available recharge capacities calculated.  The wells are shown on 
Figure 5-2.   
 
The estimates of available recharge capacities for each well were then compared to determine 
which wells showed adverse high groundwater levels in response to recharge.  The recharge 
capacities were then used to estimate the recharge volumes that produced adverse effects in 
each area.   Recharge capacity results were also compared to available storage estimated 
calculated by using the Montgomery (1993) spreadsheet model.  Finally, the probabilities of 
different recharge amounts were estimated from historical groundwater levels based on the 
most responsive well to recharge.  
 
Recharge Capacity Calculations 
Figure 5-4 shows the first step of calculating recharge capacities from key well hydrographs.   
The hydrograph for the Mountain View 4 is shown along with the historical spreading data 
for Spreading Grounds.  The groundwater elevation is shown on the left scale and the amount 
of spreading in thousands of acre-feet is shown on the right scale.  The time interval is shown 
on the bottom scale.   Two charts were made for each well hydrograph when data was 
available: one from 1936 to 1955 and one from 1956 to 2004.  From these charts, estimates 
of the increase in groundwater level as a function of spreading was estimated.  Two 
assumptions were required to make this estimate: 1) the increase in groundwater level was a 
result of only the spreading (direct precipitation was not included), and 2) the increase in 
groundwater elevation could be estimated from the hydrograph by a change from a low 
elevation point before spreading to a high elevation point after spreading.  For the second 
assumption, only data showing a relatively flat groundwater elevation before significant 
spreading was considered.  In some cases two periods of spreading were combined to yield 
the estimated change in groundwater elevation (i.e. A1A2 on Figure 5-2).   
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The following three calculations show how the change in elevation was determined from the 
spreading volumes in Figure 5-4: 

A = (1,420 ft – 1,160 ft) / (13,056 + 10,727) acre-feet = 0.011 ft / acre-ft 

B = (1,430 ft – 1,260 ft) / 30,152 acre-feet = 0.006 ft / acre-feet 

C = (1,390 ft – 1,210 ft) / 12,881 acre-feet = 0.014 ft / acre-feet 

Average 0.010 ft /acre-feet 
 

Figure 5-5 shows the second step in the calculation of the recharge capacities.  For this step, 
the amount of spreading as a function of groundwater elevation is plotted using the average 
change in elevation per acre-feet of spreading calculated above.  The maximum elevation 
was assumed to be the surface minus 50 feet.  This maximum was determined by using 40 
feet to water for the liquefaction susceptibility zone (a) as determined in the Mount Baldy 
and Ontario seismic hazard evaluations  (CDMG, 2000), and a margin of safety of 10 feet.    
The CDMG (2000) states that for areas of limited or no geotechnical data, susceptibility 
zones may be identified by geologic criteria.  The geologic criteria for (a) is areas containing 
soil deposits of late Holocene age (current river channels and their historic floodplains, 
marshes and estuaries), where the M7.5-weighted peak acceleration that has a 10% 
probability of being exceeded in 50 years is greater than or equal to 0.10 g and the water 
table is less than 40 feet below the ground surface.  To avoid the need for detailed geologic 
analysis this case is assumed for the entire Six Basins area.   

Figure 5-5
Recharge Capacity based on groundwater elevation 

at Mountain View 4 (01S/08W-02F01) 
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Based on the estimate of the change in elevation per acre-feet of spreading (green line on 
Figure 5-5) and the groundwater elevation (right scale), the amount of spreading can be 
estimated (bottom scale).  This amount of spreading for different groundwater elevations is 
the recharge capacity.  For example, if the groundwater elevation in Mountain View 4 is 
1,300 feet mean sea level (MSL), then spreading should be about 12,000 acre-feet, and obtain 
a new groundwater elevation of about 1,420 feet MSL.  From this the recharge capacity 
would be 12,000 acre-feet at 1,300 ft.  Appendix B contains recharge capacity charts for the 
Mountain View 4, Miramar 3, College 1, Mills 1, and Tunnel 3 wells.  
 
Also shown on Figure 5-5, are high groundwater events (depth to water less than 50 feet 
below surface), and the amount of spreading associated with those events.  The highest 
groundwater elevation for each well is indicated by a square and the year and the spreading 
amount are given.   
 
Calculation of Recharge Capacity Compared To Spreadsheet Model of 

Recharge Capacity 
 
To help determine the validity of the recharge capacities calculated in this section, recharge 
capacities were compared to available storage values calculated from the spreadsheet model 
developed by Montgomery (1993) for the PVPA Groundwater Management Study.  The 
spreadsheet model is used to determine groundwater recharge and storage values, and is 
based on the groundwater elevations of five key wells.  The keys wells are: Foothill 3, 
Miramar 3, College 1, Mountain View 4, and Tunnel Well 3.  From plots of spreading as a 
function of groundwater elevation (Figure 5-5) the elevations were determined for each of 
the five key wells for annual spreading rates of 5,000, 10,000, 15,000, 20,000, 25,000, and 
30,000 acre-feet.  These groundwater elevations were then entered into the spreadsheet 
model and an available storage number calculated.   Figure 5-6 shows the results of the 
comparison.  Based on these five key wells, the storage availability calculated from the 
spreadsheet model and the recharge capacity calculated from the spreading verses 
groundwater elevation plots are equivalent at about 15,000 acre-feet of recharge capacity.  
Calculations of storage availability from the spreadsheet model are lower than recharge 
capacities for values under 15,000 acre-feet, and higher for values over 15,000 acre-feet.  For 
the purposes of this investigation, calculations of available storage by the two methods 
generally agree at storage availabilities between 13,000 and 18,000 acre-feet.   
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Figure 5-6   
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Results  
Calculation of the recharge capacities by this method yielded several conclusions regarding 
recharge and well groundwater elevations. These conclusions are:    
 

• Wells closest to the Spreading Grounds show a larger rise in groundwater level over a 
shorter period of time than do more distant wells.  For example, the rise in 
groundwater elevation at Mountain View 4 occurs over a period of months where as 
changes in the groundwater elevations of Del Monte wells takes about a year.  This is 
because recharged groundwater moves as a groundwater mound, and the amplitude of 
the mound decreases with increasing distance, but the period increases with distance.   

 
• Well groundwater levels in the UCHB drop back to pre-recharge levels, where as 

groundwater levels in Pomona Basin wells tend to remain elevated.  This is probably 
due to relatively good groundwater flow from the UCHB to the Pomona Basin, but 
poor or limited groundwater flow out of the Pomona Basin into the Chino Basin.   

 
For these reasons, estimates of recharge capacities in UCHB wells are more useful for 
determining spreading volumes at the Spreading Grounds.  The amount of spreading that can 
be done each year can be determined from the plots of the well recharge capacities as 
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described above.  However, a comparison of the recharge capacities of wells indicates that 
the well Mountain View 4 and College 1 have the greatest changes in groundwater elevation 
per unit of spreading with 0.010 ft/acre-feet.  Both wells are close to the Spreading Grounds, 
and Mountain View 4 is the closest down gradient well.   
 
For the UCHB, the Mountain View 4 well shows the greatest number of high groundwater 
elevations (six) related to periods of spreading.  The Mills 1 well is second with four.   In 
each case, the high water levels occurred after spreading of 20,000 acre-feet of natural runoff 
or greater.  Flowing water in Del Monte and Martin cienegas appear to be related to 
spreading that occurred up to 1.5 years earlier then when the effect became apparent. 
 
Recharge Probabilities  
From the calculations of recharge capacities it is possible to estimate the probability of 
recharging different amounts of imported water or natural runoff.  Based on historical 
groundwater elevation data of Mountain View 4 and the well’s recharge capacity, a chart was 
constructed showing the percentage of times different spreading amounts were available.  
Figure 5-7 shows the probability of spreading from 5,000 to 20,000 acre-feet/year of 
imported water using Mountain View 4 as the key well.  Groundwater elevations from 
January 1948 to March 2004 were used to calculate the recharge capacities.  
 

Figure 5-7
Historic Storage Capacity
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Water Quality  
To determine potential water quality effects to local groundwater caused by recharging with 
State Water Project water the chemical constituents of the two waters were compared.  
Chemical constituent data for State Water Project water at Silverwood Lake for the period 
January 1998 through May 2004 was obtained from the California Department of Water 
Resources and compared to local groundwater data collected from the California Department 
of Health Services for 17 groundwater wells in the UCHB for the period January 1994 
through October 2003.  Table 5-3 lists the wells used to determine local groundwater quality.  
Table 5-3 summarizes chemical constituent comparisons between State Water Project water 
and local groundwater.  Results for most Volatile Organic Chemicals (VOCs) and Non-
Volatile Synthetic Organic Chemicals (SOCs) were less than detectable.  Constituents with 
detectable results are summarized in Table 5-4.  Well locations are shown on Figure 5-8.   
 

Table 5-3 
Groundwater Wells Used For Local Water Quality Determination 

Well Name State Well Number Well Owner 
Number of 
Constituent 

Results 
Boulder 1 01N/08W-34Q01 S  Southern California Water Company 877 
College Well 1 01N/08W-35Q01 S Pomona College 1889 
Marlboro   01N/08W-34R01 S Southern California Water Company 939 
Mills 1 01S/08W-03G02 S Southern California Water Company 1756 
Miramar 3 01N/08W-35E01 S Southern California Water Company 1105 
Miramar 5 01N/08W-34H01 S Southern California Water Company 1049 
Padua 1 01N/08W-26E01 S Southern California Water Company  75 
Pomello 1 01N/08W-34A01 S Southern California Water Company 964 
Pomello 4 01N/08W-34A02 S Southern California Water Company 567 
San Antonio 26 01N/08W-35J03 S San Antonio Water Company 1090 
San Antonio 27 01N/08W-35K02 S San Antonio Water Company 427 
Tunnel Well 1 01S/08W-03F02 S City of Pomona 823 
Tunnel Well 2 01S/08W-03F04 S City of Pomona 821 
Tunnel Well 3 01S/08W-03F03 S City of Pomona 854 
Tunnel Well 4 01S/08W-03F05 S City of Pomona 888 
Well 17 01N/08W-36N01 S City of Upland 1534 
Well 5 01N/08W-25K03 S City of Upland 907 
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No significant water quality changes will occur to the local groundwater as a result of 
recharging with State Water Project water.  The most significant water quality effect could be 
an increase in total dissolved solid (TDS) from about 220 mg/L to a maximum of about 264 
mg/L, and a basic water chemistry change from calcium bicarbonate dominant water to 
sodium chloride dominant water.  The basic water chemistry is shown on the Stiff Diagram 
in Figure 5-9.  State Water Project water generally has an average concentration of 50 mg/L 
sodium and 71 mg/L chloride where the groundwater has an average concentration of about 
14 and 7 mg/L, respectively.  The groundwater could decrease in calcium bicarbonate with a 
corresponding decrease in hardness and alkalinity.  However, it is most likely that State 
Water Project water will mix with local groundwater and natural recharged water to form 
constituent concentration between the water’s sources.  One beneficial result to groundwater 
quality should be the decrease in nitrate levels.  Nitrate could decrease from about 15.9 mg/L 
(as NO3) to as low as 2.6 mg/L.  Other benefits could include decreases in levels of cadmium, 
total chromium, chromium six, and Dibromochloropropane (DBCP), although these 
constituents are currently low.  Possible adverse effect to groundwater could include a slight 
increase in Methyl-tert-butyl ether (MTBE), bromide, total phosphorus, and Fluorobenzene.  
However, the concentrations of these constituents are very low in State Water Project water, 
and except for MTBE, which has a detection limit of 5 µg/L in groundwater analysis relative 
to 1 µg/L in State Water Project water, no analysis exists for these constituents in Six Basins 
groundwater.  The higher detection limits in groundwater analysis relative to State Water 
Project water generally yield larger numbers of results with less than detection values and 
this tends to reduce the constituents average value.  A Fluorobenzene analysis of State Water 
Project water from August 17, 2000 to October 16, 2000 appears to represent a singular event 
in State Water Project water chemistry.  
 

Figure 5-9  Water Quality Summary Stiff Diagram 
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Conclusions 
Based on the findings summarized in this report, the spreading of imported water in the 
Spreading Grounds will not produce any significant adverse groundwater quality effects, and 
any potential affects related to rising groundwater can be mitigated by groundwater level 
monitoring and limiting the amount of imported water spread.  The maximum amount of 
imported water spread can be determined by the recharge capacity calculated at Mountain 
View 4, and for best management practices the imported water should be extracted from the 
UCHB before it arrives in to the Pomona Basin.   
 
This analysis was completed prior to the winter of 2004-2005 which has been one of the 
wettest winters on record.  Approximately 16,000 acre-feet of native water has been 
recharged as of the end of March.  There are now more monitoring wells available than in the 
past.  Analysis of this years spreading will provide additional understanding of the basin. 
  
CDM’s concerns focused on the Pomona Tunnel Wells area.  They recommended keeping 
groundwater elevations in the Pomona Tunnel Wells area below 1,300 feet.  When the 
groundwater elevations at Tunnel Well 3 and Mountain View 4 from July 1993 to April 2004 
(available data from PVPA Spreadsheet Model) were compared, groundwater elevations at 
Tunnel Well 3 were 1,300 feet or greater only twice: in September 1993 (1,301 ft) and 
December 1993 (1,302 ft).  During these times, the groundwater elevations at Mountain 
View 4 were 1,421 feet and 1,401 feet, respectively.  These groundwater elevations at 
Mountain View and the requirement to keep the water surface to 50 feet bgs at Mountain 
View 4 limit the spreading of imported water to zero and 1,200 acre-feet, respectively.   
Additionally, from April 1995 to September 1995, and from July 1998 to April 1999, the 
calculated recharge capacities at Mountain View 4 were between zero and 1,200 acre-feet, 
and the groundwater elevations at Tunnel Well 3 averaged 1,227 feet and 1,271 feet, 
respectively.  From this historical data, if the recharge capacity at Mountain View 4 is note 
exceeded only minor amounts (less than 1,200 acre-feet) of imported water would be spread 
when the groundwater elevation at Tunnel Well 3 is higher than about 1,227 to 1,271 feet. 
 
Because of the safeties built into the recharge capacity calculations, no impacts to State 
Route 210 will occur due to spreading in Spreading Grounds provided the recharge capacity 
of Mountain View 4 is not exceeded.  
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Section 6 – Environmental 
Documentation, Institutional Issues & 
Permitting 
 
This section covers the environmental documentation, institutional issues and permitting 
requirements required to implement the project.   
 
Environmental Documentation 
Three Valleys is the lead agency for the Proposed Project with the principal responsibility for 
carrying out and approving the project and therefore the principal responsibility preparing 
CEQA documents.       
 
A Notice of Preparation/Initial Study has been prepared.  The Initial Study found that the 
project could potentially affect biological resources, mineral resources, hydrology/water 
quality, geology/soils and mandatory findings of significance. 
 
The proposed project may have a significant effect on the environment, and an 
Environmental Impact Report is required.  Three Valleys accepted written responses and 
comments on the Notice of Preparation/Initial Study between February 25, 2005 and March 
28, 2005.  The anticipated completion of environmental documentation is June 30, 2005.   
 
It is anticipated that the final Environmental Impact Report will require mitigation measures 
that will affect the design, construction and operation of the proposed project.  Mitigation 
will be required to reduce potential impacts to Biological Resources and to Geology and 
Soils to less than significant.   The Biological Resources mitigation measures will require 
careful coordination during design and construction.  The Geology and Soils mitigation 
measures will address operation of the project. 
 
Jurisdictional Areas (USACE/CDFG) 
United States Army Corps of Engineers 
Under Section 404 of the Clean Water Act (CWA) the U.S. Army Corps of Engineers 
(Corps) is charged with regulating the discharge of dredge and fill materials into 
jurisdictional waters of the United States. The term “waters of the United States,” or 
“jurisdictional waters,” has a broad meaning that includes special aquatic sites, such as 
wetlands. Waters of the United States, as defined by regulation and refined by case law, 
include (1) the territorial seas; (2) coastal and inland waters, lakes, rivers, and streams that 
are navigable waters of the United States, including their adjacent wetlands; (3) tributaries to 
navigable waters of the United States, including adjacent wetlands; (4) interstate waters and 
their tributaries, including adjacent wetlands; and (5) all other waters of the United States not 
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identified above, such as some isolated wetlands and lakes, intermittent and ephemeral 
streams, prairie potholes, and other waters that are not a part of a tributary system to 
interstate waters or navigable waters of the United States, the degradation or destruction of 
which could affect interstate commerce. 
 
San Antonio Creek runs though the southern portion of the project site and outflows from 
San Antonio Dam normally flow down the San Antonio Creek Channel into the Chino Creek 
Channel and into Prado Reservoir. As the San Antonio Dam is operated as a component of 
the Santa Ana River reservoir system, San Antonio Creek would be considered waters of the 
United States by the Corps under the jurisdictional authority given to them by the Clean 
Water Act. Alterations to the channel would need to be in compliance with the CWA and 
may require a Section 404 permit. The spreading basins located outside of the channel, 
within the alluvial fan are artificial structures that are designed to hold and dissipate water 
into the alluvium for groundwater recharge. As the inflow and outflow are not connected to 
the channel, and are artificially maintained on a regular basis (i.e., flows can be turned on and 
turned off), it is unlikely that these spreading basins would be considered other waters of the 
U.S. as the normal circumstances of the area would be outside of the jurisdictional 
boundaries of the CWA. Lastly, the small drainage ditch located along the eastern boarder of 
the proposed project area connects to the Caltrans stormwater collection system. This 
channel could be considered other waters of the US under recent court rulings (e.g., 
Headwaters, Inc. v. Talent Irrigation District, 243 F.3d 526 [9th Cir. 2001]). 
Although the spreading basins within the proposed project area do not appear to be subject to 
Corps jurisdiction, the Corps reserves the right, on a case-by-case basis and as supported by 
applicable laws and regulations, to determine whether or not potential jurisdictional areas lie 
within their regulatory boundaries. 
 
California Department of Fish and Game 
When any alteration of a lake, stream, or river could adversely affect fish and wildlife 
resources within the State, the CDFG is empowered under Section 1600 of the Fish and 
Game Code to issue a Streambed Alteration Agreement, which is designed to ensure 
protections of said resources. Typical activities that require a Streambed Alteration 
Agreement include excavation or fill placed within a channel, vegetation clearing, structures 
for diversion of water, installation of culverts and bridge supports, cofferdams for 
construction dewatering, and bank reinforcement. 
The CDFG reserve the right, on a case by case basis to determine whether or not potential 
jurisdictional waters lie within their regulatory boundaries. 
 
Pomona Valley Protective Association 
Pomona Valley Protective Association (PVPA) is a non-profit corporation created in 1910 to 
protect the water producers in the Claremont, Pomona, Upland and La Verne areas from 
outside interests developing and exporting local water from the area.   
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Watermaster has the authority under the Six Basins Adjudication to direct spreading by 
PVPA.  This process is evolving toward greater management by Watermaster.  The 
Memorandum of Agreement between the Pomona Valley Protective Association and 
Watermaster of the Six Basins relating to Water Spreading and Related Activities addresses 
use of the Spreading Grounds by PVPA and responsibilities of Watermaster. 
 
PVPA and Watermaster will reach agreements covering construction.   
 
Leaseholds within San Antonio Spreading Grounds 
Vulcan Materials Company- Western Division 
Vulcan leases property from PVPA for the purpose of mining aggregate.  They have an 
ongoing operation on the San Bernardino side of the Spreading Grounds.  Vulcan leases 214 
acres on the north end of the Los Angeles side.  The Los Angeles side is currently under 
review for a conditional use permit to allow mining.  The Proposed Project does not include 
the land leased by Vulcan.  (Vulcan, 2004) 
 
Holliday Rock Company Inc. 
Holliday Rock Company (Holliday Rock) leases property from PVPA for the purpose of 
mining aggregate.  While they currently are not actively mining, they have recently prepared 
a mining and reclamation plan to mine the southern portion of the Los Angeles side.  Most of 
the Proposed Project is within the area that Holliday Rock proposes mining.  Discussions 
between the District and Holliday Rock indicate that the two projects are compatible.  This 
report has been prepared based on the assumption that the Proposed Project will precede 
mining operations. 
 
Metropolitan Water District of Southern California 
Metropolitan has a 200-foot wide easement near the southern end of the Spreading Grounds.  
The northern edge of this easement is approximately in line with the southern edge of the 
Miramar Treatment Plant.  Metropolitan’s Foothill Feeder and Service Connection OC-59 are 
within this easement.  Figure 4-1 shows Foothill Feeder in this vicinity. 
 
Permitting requirements 
A permit from the Los Angeles County Department of Public Works (Public Works) will be 
required for crossing San Antonio Channel.  Public Works will coordinate the permit with 
the Los Angeles District Army Corps of Engineers.  Presuming that the initial Flood Permit 
Application meets all requirements, it will take two to four months for the permit process.  
There will be a plan check fee on the order of $500 and an inspection fee on the order of 
$400 (fees are currently under review).  Telephone contact with Public Works Permitting 
Office is 626/458-3129.  Telephone contact can be made at the Corps of Engineers at 
213/452 3393 (Ted Masigat).  A copy of Public Works Flood Permit Application, permit 
instruction and Guidelines for Overbuilding and Air Rights is in Appendix C.    
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A Stormwater Pollution Prevention Plan (SWPPP) prepared in compliance with an NPDES 
Phase I Permit will be required.  The SWPPP describes the project site, erosion and sediment 
controls, runoff water quality monitoring, means of waste disposal, implementation of 
approved local plans, control of post-construction sediment and erosion control measures and 
maintenance responsibilities, and nonstormwater management controls.  Dischargers are also 
required to inspect construction sites before and after storms to identify stormwater discharge 
from construction activity, and to identify and implement controls where necessary. 
 
The Cities of Claremont and Upland will be provided an opportunity to review design 
drawings for portions of the construction located within their cities. 
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Section 7 – Proposed Facilities 
 
The operation of a water spreading project is inherently opportunistic, available supply is 
used first to meet immediate demand, remaining supply may be available for spreading.   
Furthermore, this project will compete with the spreading operations of other agencies for 
available water.   Both Inland Empire and Orange County Water District take water 
deliveries for spreading from the Foothill Feeder at the OC-59 service connection within the 
Spreading Grounds.  
 
While Figure 4-1 provides some guidance on the availability of spreading water, several 
factors suggest that future demands on the Foothill Feeder will be higher than past demands.   
The most recent year’s data shows lower pressures (and thus higher flows and demands) than 
the fiscal year 1997-1999 data.  This trend can be expected to continue.  Reduced availability 
of Colorado River Water increases demand for the State Water Project water carried by the 
Foothill Feeder.  Inland Empire’s ability to spread water has recently been increased 
substantially by improvements to spreading grounds within their service area.  Additional 
spreading projects are contemplated. 
 
Figure 7-1 shows schematically the proposed imported water spreading facilities.  
Appendix D includes design drawings showing the proposed alignment of the pipelines. 
 
Imported Water Connection 
Metropolitan’s PM-21 has a design capacity of 80 cfs.  Miramar has a design capacity of 
40 cfs and generally operates at capacity.  Sizing the connection for 40 cfs will allow use of 
the full capacity of PM-21 while Miramar is operating at full capacity.  A 36-inch connection 
will be made to the Influent Pipeline after it turns west to the hydroelectric station.  Space 
will be available for a pump station.  The pump station will not be built unless operation of 
the project shows that it is needed. 
 
Pipelines 
PVPA’s intent for improvements to the Spreading Grounds includes extending the existing 
Diversion Channel along the Los Angeles side of San Antonio Channel.  This channel would 
be used to route native water to various basins.  Delivering imported water to the north end of 
the Diversion Channel would provide for the simplest operations.   But, this option would be 
costly.  During 2004 available pressure in the Foothill Feeder would allow deliveries to 
elevation 1720 (the approximate elevation of the extension of Pomello Drive approximately 
50 percent of the time (see Figure 4-2), although close coordination with Metropolitan will 
facilitate deliveries.    
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In order to avoid – or at least defer – construction of a pump station while still allowing 
flexibility of operations, two pipelines are proposed.  Pipelines will be PVC pressure pipe for 
water distribution (AWWA C-905).   
 
Pipeline 1 is intended to provide flexibility in operations.  It will extend north from Miramar 
along the west edge of the Spreading Grounds to the extension of Pomello Drive and from 
there east along the extension to the Diversion Channel.  This 36-inch pipeline, sized to 
deliver a maximum of 40 cfs at a velocity of 5.7 feet per second, will allow spreading in the 
three of the basins proposed by PVPA (Figure 2-1).  In the future, it could be extended to 
connect to the Diversion Channel and north along the channel.  Three outlet structures, one 
for each basin, will be provided.  These outlet structures will consist of a concrete structure 
with a manually operated butterfly valve. 
 
Pipeline 2 is intended to allow spreading operations during conditions of minimum pressure.  
This 24-inch pipeline, sized for a maximum of 20 cfs at a velocity of 6.4 feet per second, will 
extend east across San Antonio Channel to the existing Lower Mountain View Pits.  
Spreading will be possible when the hydraulic grade line (HGL) in the Foothill Feeder is 
approximately 1680 feet or less.  Historically an HGL of 1680 feet has been available more 
than 90 percent of the time.   
 
Outlet structures will be sized for the full capacity of their respective pipeline.  Each structure 
will include a manually operated butterfly valve.  The proposed outlet structures will be 
located consistent with the proposed improvements by PVPA (Figure 2-1).  Watermaster will 
work with PVPA to complete this project. 
 
Production Well 
Three Valleys will be installing a groundwater production well at Miramar that will pump 
from the Upper Claremont Heights Basin.  While construction of that well is not part of the 
Imported Water Project and is not included in the cost estimate, it will enhance operation of 
the project.  The well will be used to produce both imported water stored as part of this 
project.  The produced water will be delivered to the Miramar discharge line.  In addition, the 
well could be used to produce native water for Six Basins purveyors and deliver that water to 
the purveyors.   The well will provide an additional method of managing the groundwater 
basin. 
 
Pumping Plant 
If a pumping station is determined necessary in the future, it would be located within 
Miramar, south of the Plant Pressure Control Structure.  The layout of the Imported Water 
Connection will be to facilitate future construction of a pumping plant. 
 
An engineering review report was prepared to evaluate the electrical supply requirements for 
the project and the adequacy of existing electrical supply at Miramar. The electrical 
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requirements for a production well at Miramar were included in the report.  The well is 
mentioned here only from the standpoint that the eventual conjunctive use project would 
include a well to extract a portion of the spread water.   The report is included in 
Appendix D.   

Basin Modifications 
This project does not include modifications to the basins within the Spreading Grounds.  The 
proposed facilities can be modified to accommodate either PVPA’s proposed improvements 
(Figure 3-1) or Holliday Rock Company’s proposed mining operations (Figure 3-2) or both.   
 
Biological Mitigation 
Environmental documentation is scheduled for completion in June 2005.  Based on the 
Biological Technical Report, mitigation will be required.  For the most part, the mitigation 
starts with focused surveys for specific species.  If those species are found, then additional 
mitigation measures will be developed and implemented.  Given the range of possible species 
it is reasonable to assume that some species will be found during the surveys and mitigation 
will be required to mitigate construction impacts. 
 
Capital Cost 
Table 7-1 shows the preliminary cost estimate of $2.1 million based on current costs and 
$2.2 million based on 2007 price level.  This cost includes capital costs for constructing the 
connection to the District’s Intake Pipeline, a 24-inch pipeline to the Lower Mountain View 
Pits and a 36-inch pipeline north to Pomello Drive and then east along the extension of 
Pomello Drive to the Diversion Channel.  Costs for a pump station and a production well are 
not included.  District administrative costs are not included.  A 20-percent contingency is 
included in the construction cost.   
 

Table 7-1   
Capital Cost Estimate 

Item Total 
Design 150000 
Biological focused surveys & mitigation plans (allowance)          50,000  
Construction Contract Total 1,728,794 
Construction Management        160,000  
Project Capital Cost, May 2005 price level $  2,088,794  

Adjust to midpoint of construction (2007)  106% 
Project Capital Cost, 2007 price level $  2,214,122  
Note:  Does not include District administration costs. 

 
Metropolitan has committed $1.23 million to the Proposed Project.   If funding is not 
available for the remaining $1.0 million, the length of the 36-inch pipeline can be reduced 
with little impact on project operations.  Eliminating the portion that follows the extension of 
Pomello Drive to the Diversion Channel would reduce project costs to approximately $1.8 
million. 
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Section 8 – Proposed Operations 
 
This section covers the impact of operations on groundwater production by evaluating a 
possible operational scenario.  It then reviews the monitoring that will both determine how 
much water can be spread and verify the impact of the spreading.  Finally the physical 
operation of the Proposed Project is reviewed.  As previously discussed, the Proposed Project 
will be operated in accordance with the Six Basins Adjudication.  It will allow 
implementation of storage and recovery programs and provision of replacement water in 
accordance with the Adjudication.  
 
Impact of Operations on Groundwater Production 
Using the analysis of geology and hydrogeology presented in Section 5, a spreadsheet was 
developed to model the response of water levels in the Upper Claremont Heights Basin 
(UCHB) to spreading and recovery of imported water.   Water levels in Mountain View 4 
well are used as the surrogate for the water levels in the entire basin.  A repeat of historic 
conditions from 1973 through 2003 is presumed – with native recharge limited to maintain 
water levels at no higher than 50 feet below ground surface (bgs).   The spreadsheet was used 
to examine a hypothetical scenario for spreading imported water.  That scenario is discussed 
below and the key operational parameters are presented in Table 8-1.  Detailed calculations 
and graphical presentations of the results are in Appendix E.   
 
The scenario presumes that up to 8,000 acre-feet of imported water is available to spread 
each year.  Spreading of imported water would only occur as long as the spread water would 
not raise the groundwater level above 100 feet below ground surface (bgs) from November 
through February or above 50 feet bgs from March through October.  Limited by the ability 
to look ahead, additional storage space is reserved during a wet year for native recharge.   
 
Recovery of imported water occurs if the water level is above 110 feet bgs from January 
through July.  Starting in August the recovery elevation drops monthly to 150 feet bgs in 
November and December.  A maximum of 12,000 acre-feet is recovered in any year and up 
to 15,000 acre-feet of imported water is kept in storage to maintain water levels and dry-year 
supplies. 
 
Additionally, the scenario allows up to 3,000 acre-feet of additional native water to be 
pumped if the water level is above 70 feet bgs.   
 
Implicit in these scenarios is the assumption that pumpers could change their operations if the 
Proposed Project were in place.  With the knowledge that imported water is available to 
supply replacement water, pumpers could increase their pumping.  Naturally occurring high 
water levels could be pumped down faster making additional space for both native and 
imported water spreading.  
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This scenario demonstrates some of the options that are available and the some of the 
operational decisions that will be required.   Actual operations will be developed by an 
operating committee.  Operations will start at a low level and will increase over time as 
understanding of the response of the groundwater basin improves and the institutional 
relationships required to operate the proposed project develop. 
 

Table 8-1  
Key Operational Scenario  —   Imported Water Storage and Recovery Parameters 

Spreading of Imported water Recovery 
 

Month Spread if water 
level above  
(feet bgs) 

Maximum 
available for 
spreading 

Recover if water 
level above  
(feet bgs) 

Maximum 
monthly 
recovery 

(acre-feet) 

Maximum 
recovery as 
percent of 

storage 
January 100  1,733  110 500 0% 
February 100  1,733  110 500 0% 
March 50  1,733  110 500 0% 
April 50  1,733  110 500 0% 
May 50  333  110 1,500 0% 
June 50  -    110 1,500 10% 
July 50  400  110 1,500 33% 
August 50  -    120 1,500 50% 
September 50 0 140 1,500 100% 
October 50 0 140 1,500 100% 
November 100 0 150 500 100% 
December 100 0 150 500 100% 

 Annual maximum 8,000 Annual maximum 12,000  
 
Table 8-2 summarizes the results of this scenario over a thirty-one year history. 

Table 8-2 
Results of Hypothetical Operational Scenario 

Presumes up to 8,000 acre-feet spread each year depending of basin capacity 
(based on 1973 through 2003 historic hydrology)  

 Results 
Spreading and recovery over time period (acre-feet)  

Imported water stored 165,679 acre-feet 
Imported water recovered 155,624 acre-feet 
Imported water in storage at end of period 10,055 acre-feet 
Increase in native water pumping 3,250 acre-feet 
Total increase in recovery 158,874 acre-feet 

Average annual increase in groundwater recovery 5,125 acre-feet/year 
Water levels at Mountain View 4  

Average Water Surface Elevation (135 ft bgs without project) 129 feet bgs 
Months water surface elevation 150 ft bgs or more  (131 months without project) 114 months 
Months water surface elevation 200 ft bgs or more   (66 months without project) 0 months 
Water level at end of period   (225 feet bgs without project) 160 feet bgs 
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Geological Limits on Spreading 
The recharge capacity of the Upper Claremont Heights Basin can be estimated by the method 
described in Section 5 using Mountain View 4 (01S/08W-02F01 S).  The calculation of the 
recharge capacity should use a maximum groundwater elevation of surface elevation minus 
50 feet.  This maximum groundwater elevation was determined by using the 40 feet to water 
for the liquefaction susceptibility zone (a) and a margin of safety of 10 feet.  Stored water 
could be extracted from the Upper Claremont Heights Basin before additional storage is 
allowed.  Alternatively stored water not removed from the Upper Claremont Heights Basin 
can be allowed to migrate to the Pomona Basin to allow for storage in the Upper Claremont 
Heights Basin provided the migration of the stored water does not increase the Pomona Basin 
groundwater levels that would create a problem in the Pomona Basin (i.e. to elevations 
within 50-feet of the surface).   
 
During the first three years of the proposed project no more than 50 percent of the calculated 
recharge capacity of Upper Claremont Heights Basin should be used to insure that the 
proposed calculation methods are correct.  During the following two years, no more than 80 
percent of the calculated recharge capacity should be used.  During the life of the project, the 
observed groundwater level changes from spreading should be compared to the calculated 
groundwater level changes by the recharge capacity charts for Mountain View 4, Miramar 3, 
College 1, Mills 1, and Tunnel #3.  Recharge capacity charts for these wells are located in 
Appendix B. Any correction to the estimated recharge capacity of the Upper Claremont 
Heights Basin based on the observed verses calculated groundwater level changes should be 
made.    
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A groundwater monitoring program should be implemented to insure that rising groundwater 
does not cause adverse effects to the Six Basins. The groundwater monitoring program 
should consist of the monthly monitoring and hydrograph updating of groundwater 
elevations for the nineteen wells listed in Table 8-3. 

Table 8-3 
Groundwater Monitoring Wells 

Name State Well Number Sub Basin Well Owner 
College 1 01N/08W-35Q01 S UCH Pomona College 
Fair Oaks 01S/08W-10B01 S Pomona SCWC 
Foothill 3 01S/08W-25L01,02 S UCH West End CWC 
Ford 1 01S/08W-09E02 S Pomona So California WC 
Mills 1 01S/08W-03G02 S UCH So California WC 
Miramar 3 01N/08W-35E01 S UCH So California WC 
Mountain View 4 01S/08W-02F01 S UCH West End CWC 
MW 1 N/A UCH Six Basins 
MW 2 N/A UCH Six Basins 
MW 3 N/A Pomona Six Basins 
Old P-1 01S/08W-17P01 S Pomona City of Pomona 
P-20 01S/08W-04L01 S LCH City of Pomona 
P-7 01S/08W-17K02 S Pomona City of Pomona 
P-9 01S/08W-08H02 S Pomona City of Pomona 
SAWC 28 01N/08W-36D01 S UCH San Antonio WC 
SAWC 33 N/A Canyon San Antonio WC 
Tunnel Well 3 01S/08W-03F03 S UCH City of Pomona 
Tunnel Well 4 01S/08W-03F05 S UCH City of Pomona 
Upland 2 01N/08W-24E01 Canyon City of Upland 

As operation of the project proceeds and a better understanding of the response of the 
groundwater basin developed, these rules may be modified. 
 
Physical operation of facilities 
 
Coordinating deliveries with Metropolitan 
Metropolitan makes deliveries for spreading only after meeting all direct municipal delivery 
demand.  Thus, spreading water (Metropolitan uses the term “replenishment water”) is 
generally available during the winter months of October through April with some exceptions.  
During dry periods, spreading water may not be available and during wet periods spreading 
water may be available during the summer.   
 
State Water Project deliveries are curtailed when the supply is insufficient to meet all 
demands.  While allocations of entitlement are projected to average about 70 percent of the 
annual entitlement, they vary in any given year.  In recent years the State has set an initial 
allocation of 20 to 40 percent of entitlement for the fall for following year.  This amount is 
usually increased as the year develops and water supply becomes known.  Increases have 
occurred as late as August.  Allocations for recent years are shown in Table 8-4. 
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Table 8-4 
Historic State Water Project Allocations 

Water Year Date Allocation as a Percent of Entitlement 
December 1, 2000 40 
January 31, 2001 20 

March 6, 2001 25 
March 15, 2001 30 

May 4, 2001 33 
May 17, 2001 35 

2001 

August 16, 2001 39 
November 30, 2001 20 

January 11, 2002 45 
March 22, 2002 55 
March 28, 2002 60 

May 14, 2002 65 

2002 

August 23, 2002 70 
December 3, 2002 20 
January 16, 2003 45 

March 26, 2003 50 
April 24, 2003 70 

2003 

May 16, 2003 90 
December 1, 2003 35 
January 15, 2004 50 2004 

March 1, 2004 65 
November 30, 2005 40 

January 14, 2005 60 2005 

  
 
Recent drought conditions on the Colorado River further challenge Metropolitan’s flexibility.  
Metropolitan’s deliveries from the Colorado have reduced by approximately half.  As 
Metropolitan has a limited right to Colorado River water it has been operating largely on 
surplus water.  Demand for Colorado River water from other agencies can also affect 
Metropolitan’s deliveries.  In 2004 Metropolitan’s allocation was increased in November as 
the higher priority agricultural users in California had not used their full allocation.  This 
increase was about 150,000 acre-feet.  
 
Capacity of the Foothill Feeder can also affect the availability of replenishment water.  There 
are four other major areas which use the Foothill Feeder for spreading water.  These are, the 
Inland Empire, Orange County Water District, Upper San Gabriel Valley MWD and Central 
Basin.   While some of these agencies have other connections for replenishment deliveries, 
the Foothill Feeder is the only one serving just State Project water.  State Project water is 
preferred over Colorado River water for replenishment because of its lower salinity.   Also, 
Metropolitan generally prefers to deliver State Project water for spreading in order to 
maintain the proper water quality mix at surface water treatment plants.  These challenges 
puts pressure on the Foothill Feeder and Metropolitan may be in the position of having to 
allocate between agencies.   
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While Metropolitan faces challenges in determining the presence of surplus water and thus 
the availability of water for spreading, Metropolitan staff is very interested in supplying 
spreading water while working within a limited supply situation.  The proposed project 
benefits Metropolitan as well as the Six Basins area. 
 
Replenishing agencies also have scheduling challenges with spreading operations.  Examples 
include spreading ground availability, channels not available because of construction 
activities, flood operations, insect control, channel cleaning operations (the timing of which 
is controlled by nesting habits of endangered birds).    
 
While spreading water will be available, Three Valleys will need to be flexible and willing to 
take the water when it is available.  Some of the agencies are inflexible and order water for 
delivery in certain time periods.  Three Valleys does have an advantage over other agencies 
in that flood operations will not affect the ability to take deliveries.   
 
Some of the scheduling problems in the San Gabriel River area are worked out in a long 
standing committee of the replenishing agencies, Metropolitan, County Sanitation District as 
supplier of recycled water, the County as operator of the facilities and sometimes the Corps 
as owner and operator of some facilities.  This group meets every six weeks to two months 
depending upon the issues.  Three Valleys has attended these meetings. 
 
Coordinating deliveries with PVPA 
Watermaster has the authority under the Six Basins Adjudication to direct spreading by 
PVPA.  This process is evolving toward greater management by Watermaster. 
 
Annual Operating Cost 
Table 8-5 shows projections of the annual operating cost basis of an average of 5,000 acre-
feet stored and recovered per year.   
 

Table 8-5 
Annual Operating Cost 

(5,000 acre-foot/year storage and recovery.) 
Item                       Cost 

Purchase of untreated replenishment water from Metropolitan at $238 per acre-foot 
(January 1, 2005 rates) 

 $  1,175,000/year   

Energy to deliver (Depend on Feeder pressure.  Assume Feeder pressure is 
adequate for deliveries) 

                       -    

Gate operations, etc during deliveries (say 4hr/d & 80 day/year, $70/hr) 22,400/year     
Increased maintenance of Spreading Grounds (say 160 hr/year at $120/hr)                   19,200/year    
Additional groundwater monitoring (say 120 hr/year at $90/hr)                   10,800/year   
Pumping energy - recovery of 5,000 af from 150 ft bgs (e= 70%; $0.12/kWh)                131,700/year  

Annual operating cost       $     1,359,100/year 
Acre-feet/year                   5,000 acre-foot 

Operating cost per acre-foot including purchase of water       $      272/acre-foot 
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Project Benefits to Three Valleys and member agencies 
As previously discussed, the objectives of the Proposed Project include: 

 Improve the reliability of water supply in the Six Basins. 
 Store imported water when available in order to provide supply in dry years. 
 Reduce annual and seasonal peak demand on surface water treatment plants 
 Increase operational flexibility in the SWP and Metropolitan’s transmission facilities 

by allowing delivery for recharge rather than for direct use. 
 Reduce the cost of purchased water. 
 Store water for extraction during dry years. 

 
A simplified approach to quantifying the benefits is to quantify the savings to the Six Basins 
pumpers from operating the project compare the purchase, storage and recovery of untreated 
replenishment water from Metropolitan to the purchase of full service treated water.  
Table 8-6 shows this calculation based on an average storage and recovery of 5,000. 
 

Table 8-6 
Annual Operating Benefit 

(5,000 acre-foot/year storage and recovery.  Does not include capital costs) 
Item  

Cost of full service treated water from Metropolitan  (90 % at Tier 1 rate of $443/acre-foot 
and 10% at Tier 2 rate of $524/acre-foot, January 1, 2005 rates) 

$451/acre-foot 

Cost of water spread and recovered by Imported Water Storage Project  $272/acre-foot 

Reduced cost of purchased water per acre-foot  $ 179/acre-foot  
Annual storage and recovery     5,000 acre-foot 

Reduced annual water supply cost presuming 5,000 acre-feet/year storage and 
recovery 

 $  895,000/year 

 
The calculation does not include the capital cost of the project.  Metropolitan has agreed to 
pay for a portion of the project’s construction due to benefits to Metropolitan’s operations 
and improved water supply reliability within Metropolitan’s service area.  Were the portion 
not funded by Metropolitan included in this calculation at a 5 percent interest rate over a 
50 year life, the increase in project costs would be only $22 per acre-foot and the Proposed 
Project would reduce annual water supply cost by $ 785,000 per year. 
 
This calculation understates project benefits to Six Basins pumpers as it does not address 
improved reliability, reducing the Six Basins pumpers dependency on imported supplies 
when there are shortages of imported supplies (either State Water Project or Colorado River),  
deferring the need to expand treatment capacity,  and increasing operational flexibility of 
Metropolitan’s system and the State Water Project. 
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Section 9 – Proposed Schedule 
 
Three Valley’s proposed Groundwater Storage Funding Agreement with Metropolitan 
provides supplemental funding for this project.  That agreement requires the project to be 
operational by May 2008 including a production well.  Completion of CEQA documentation 
in June 2005 is required for that agreement to be approved by the Metropolitan Board in 
August 2005. 
 
The most difficult scheduling challenge for construction of the project and operations will be 
the anticipated biological mitigation.  The mitigation is generally a multi-step process: 
• Surveys are done for specific species in accordance with established protocols.  There are 

tradeoffs between doing surveys promptly, doing them at specific times of the year, and 
doing them close to the start of construction. 

• If the species are found, mitigation plans are developed in coordination with regulatory 
agencies.  Depending on the species involved, those plans could take months to develop.   

• Mitigation plans are then implemented.   
 
A preliminary schedule has been prepared.  An abbreviated form of the schedule is shown in 
Figure 9-1.  A more complete schedule, showing interdependency between each task is 
shown in Appendix F.   
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Figure 9-1 
Proposed Project Schedule 

 
 
The environmental mitigation requirements, while not costly compared to the basic 
construction costs, present a management challenge.  There are choices available for the 
timing of various steps of the environmental mitigation.  Those choices will have to be 
weighed and informed decisions made as the project moves forward.  
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Appendix B 
Geology 

• Recharge Capacity Charts 
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Recharge Capacity based on groundwater elevation 
at Mountain View 4 (01S/08W-02F01) 
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Recharge Capacity based on groundwater elevation at 
Miramar #3 (01N/08W-35E01) 

1250

1300

1350

1400

1450

1500

1550

1600

1650

0 5000 10000 15000 20000 25000 30000

Spreading (acre-ft)

Gr
ou

nd
wa

ter
 El

ev
ati

on
 (F

t M
SL

)

Recharge Capacity Ground Elevation (1615 Ft)

Max. Groundwater Level (1565 Ft) Highes t GW Elevation (1992 with 14,416 AF Spreading)



Imported Water Spreading at San Antonio Spreading Grounds 
  

 
 

Bookman-Edmonston/GEI   

 

Recharge Capacity based on groundwater elevations at
 College #1 (01S/08W-35Q01) 
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Recharge Capacity based on groundwater elevations at
 Mills #1 (01S/08W-03G02) 
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Recharge Capacity based on groundwater levels at
Tunnel #3 (01S/08W-03F03) 
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Appendix C 
Coordination/Permits 

• Los Angeles County Department of Public Works (County Flood Control District) 
• Flood Permit Application 
• Permit Application Instructions 
• Guidelines for Overbuilding and Air Rights 
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Appendix D 
Proposed Facilities 

• Drawings and Sketches 
• Cost Estimate 
• Electrical Report 
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Item Quantity Units $/unit Total

Design 150,000                
Biological focused surveys & mitigation plans (allowance) 50,000                  
Construction Contract Total 1,728,794             
Construction Management 160,000                

Project Capital Cost, May 2005 price level 2,088,794$           
Adjust to midpoint of construction (2007) 3%/year for 2 years 106%
Project Capital Cost, 2007 price level 2,214,122$           
Note:  Does not include District administration costs.

Project manager (20hr/wk) 15 wk 1,450.00                  21,750                  
Superintendent (40hr/wk) 20 wk 2,600.00                  52,000                  
Field engineer (40hr/wk) 30 wk 1,450.00                  43,500                  
Main office expense (4% of construction) 1 ls 44,200.00                44,200                  
Layout/Engineering survey 1 ls 15,000.00                15,000                  
Mobilization  1 ls 10,000.00                10,000                  
Job toilets (two) 12 mo 87.00                       1,044                    
Storage shed 0 mo 85.00                       -                       
Temporary water connection 1 ls 2,800.00                  2,800                    
Temporary water 8 mo 50.00                       400                       
Temporary electricity hookup 1 ls 1,400.00                  1,400                    
Temporary phone connection 1 ls 300.00                     300                       
Temporary phone service 6 mo 50.00                       300                       
Periodic cleanup 2 mo 500.00                     1,000                    
Final cleanup 24 hr 15.92                       382                       
Pickup trucks/maintenance 0 mo 400.00                     -                       
Scheduling 1 ls 1,000.00                  1,000                    
Licenses/permits 1 ls 1,000.00                  1,000                    
Insurance (2.5% of construction) 1 ls 28,000.00                28,000                  
Submittals 120 hrs 100.00                     12,000                  
Protection of sensitive species 1 ls 100,000.00              100,000                
xxxx -                     

Subtotal= 336,076                

Earthwork/paving restoration
Clearing 0.5    ac 2,000.00                  1,000                    
Remove AC paving 10    ton 20.00                       190                       
Excavation 3100    cy 4.00                         12,400                  
Disposal of excess soil 695    cy 8.00                         5,560                    
Stockpile soil/load and return to site (Rock processor) 620    cy 7.00                         4,340                    
Backfill & Compaction 2405    cy 2.50                         6,013                    
Utility vault 1    ea 3,500.00                 3,500                  
Pipe manifold 0.5    ac 25,000.00                12,500                  
Restore AC paving, 8-inch thk (.475 ton/lf) 10    ton 37.00                       352                       

Provide and install pipe -                       
Connection to 60" plant intake Pipeline 1    ls 26,500.00                26,500                  
36" PVC C905 pipe, material 2080    lf 135.00                     280,800                
Install/Rental of Backhoe (install pipe @ $1.75/dia inch) 2080    lf 63.00                       131,040                
36" PVC C900/905 fittings/glue 1    ls 14,040.00                14,040                  

36" Valve (BFV) FLG 1    ls 12,500.00                12,500                  
36" Valve (Plug) FLG 1    ls 70,000.00                70,000                  
Electrical supply/assembly for actuator 1    ls 10,000.00                10,000                  
Valve Vault for 36"  BFV (including intall) 1    ls 7,500.00                  7,500                    
Outlet structure (including valve box) 2    ls 4,000.00                  8,000                    
Vegitation restoration 0.5    ac 40,000.00                20,000                  

Subtotal= 626,234                

Diversion Structure and Pipeline 1 (36" Pipeline at connection up to Sta. 29+23.30)

Cost Estimate: Design, Biological Mitigation Measures, Construction, Construction 
Management

Capital Cost Summary

Mobilization & General Conditions/General Requirements

Imported Water Spreading at San Antonio Spreading Grounds

(based on Feasibility Study)

           File: 040740_Cost Estimate 3
          Sheet: Capital Cost 1 of 2

Bookman-Edmonston Engineering 
John Zoraster 

4/20/2005 11:16 AM



Item Quantity Units $/unit Total

Cost Estimate: Design, Biological Mitigation Measures, Construction, Construction 
Management

Imported Water Spreading at San Antonio Spreading Grounds

(based on Feasibility Study)

Earthwork/paving restoration
Clearing and grubbing 0.36 ac 2,000.00                  720                       
Excavation 1950    cy 4.00                         7,800                    
Disposal of excess soil 438    cy 8.00                         3,500                    
Stockpile soil/load and return to site (Rock processor) 390    cy 7.00                         2,730                    
Backfill & Compaction 1513    cy 2.50                         3,781                    
Restore fence 30    lf 22.00                       660                       

Provide and install pipe -                       
36" PVC C905 pipe, material 1314    lf 135.00                     177,390                
Install/Rental of Backhoe (install pipe @ $1.75/dia inch) 1314    lf 63.00                       82,782                  
36" PVC C900/905 fittings/glue 1    ls 8,869.50                 8,870                  
36" Valve (BFV) FLG 1    ls 12,500.00                12,500                  

Outlet structure (including valve box) 1    ls 4,000.00                  4,000                    
Vegitation restoration 0.36    ac 40,000.00                14,400                  

Subtotal= 319,133                

Earthwork/paving restoration
Clearing and grubbing 0.26 ac 2,000.00                  520                       
Excavation 1130    cy 4.00                         4,520                    
Disposal of excess soil 167    cy 8.00                         1,332                    
Stockpile soil/ filter out boulders and return to site 226    cy 7.00                         1,582                    
Backfill & Compaction 964    cy 2.50                         2,409                    
Restore Gabion Mesh 200    sqft 100.00                     20,000                  
Restore Fence 100    lf 22.00                       2,200                    
Crossing pipeline support 1    ea 2,000.00                 2,000                  

Outlet structure (including valve box) 1    ls 2,900.00                  2,900                    
Provide and install pipe -                       

24" PVC C905 pipe, material 925    lf 65.00                       60,125                  
Install/Rental of Backhoe (install pipe @ $1.75/dia inch) 925    lf 42.00                       38,850                  
24" Steel pipe, material 25    lf 51.00                       1,275                    
36" O=PVC C900/905 fittings/glue 1    ls 3,006.25                  3,006                    
2" Air Release Valve Assembly 1    ls 450.00                     450                       
Rental of a crane to place the 24" steel pipe at Station 1    ls 2,000.00                  2,000                    
Blowoff Valve Assembly 1    ls 850.00                     850                       
24" Valve (BFV)  FLG 1    ls 4,800.00                  4,800                    

Vegitation restoration 0.26    lf 40,000.00                10,400                  
Subtotal= 159,219                

Subtotal 1,104,586             
Mobilization & General Conditions/General Requirements 336,076              
Subtotal 1,440,662           
Contingency 20% 288,132              
Construction Contract Total 1,728,794             
Construction Management 160,000                
Design 150,000                
Biological focused surveys & mitigation plans (allowance) 50,000                
Project Capital Cost, May 2005 price level 2,088,794             
Two years inflation 3%/year for 2 years 106%
Project Capital Cost, 2007 price level 2,214,122$           

J:\040740 - Three Valleys - San Antonio SG Feasibility\Engineering\[040740_Cost Estimate 3.xls]Capital Cost

Pipeline 2 (24" pipeline starting at Sta. 10+00 to 19+47.71)

Pipeline 1 (36" pipeline starting at Sta. 29+23.30 to Sta. 42+37.75)
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John Zoraster 

4/20/2005 11:16 AM
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Appendix E 
Operations 

• Groundwater levels with project 
• Metropolitan Water District of Southern California letter dated October 5, 2004. 
 
 



Appendix E (part)
Imported Water Spreading at San Antonio Spreading Grounds

Example of Project Operations
J:\040740 - Three Valleys - San Antonio SG Feasibility\Geology\Water Levels\[Operations model 2.xls]Modeled

Storage Capacity
0.009 ft/af Month Use probability (Yes or No):  No Water Surface Elevations

111 af/ft
if  WSL 
below 

(Note 1)
Store

if WSL 
below 

(Note 1)

if water in 
storage 

less than 
(af)

Store WSL 
above

% of water 
in storage

up to 
maximum 

of (af)

WSL 
above

Maximum 
(af)          135.0  ft bgs 

January 50 Available 100 15,000      Available January 110 0% 500        70            250           90% -         af Average with Project 128.6        ft bgs
February 50 Available 100 15,000      Available February 110 0% 500        70            250           80% 4,000     af Change in averge WSL (6.4)           ft bgs
March 50 Available 50 15,000    Available March 110 0% 500      70          250         60% 6,000     af Native Water Recovery
April 50 Available 50 15,000      Available April 110 0% 500        70            250           40% 8,000     af Change in Recovery 3,250        af
May 50 Available 50 15,000      Available May 110 0% 1,500     70            250           Imported Water Recovery
June 50 Available 50 15,000      Available June 110 10% 1,500     70            250           Storage 165,679    af
July 50 Available 50 15,000      Available July 110 33% 1,500     70            250           Recovery 155,624    af
August 50 Available 50 15,000      Available August 120 50% 1,500     70            250           Remaining 10,055      af
September 50 Available 50 15,000      Available Septembe 140 100% 1,500     70            250           Increased Groundwater Production
October 50 Available 50 15,000      Available October 140 100% 1,500     70            250           Total: 158,874    af
November 50 Available 100 15,000      Available November 150 100% 500        70            250           Annual average: 5,125        af
December 50 Available 100 15,000      Available December 150 100% 500        70            250           Months WSL more than 
Note 1:  Includes anticipated impact of previous spreading Annual Maximum: 12,000   Annual Maximum: 3,000        150         ft bgs 114           months (131 months w/o project)
Note 2:  Includes anticipated impact of previous spreading & snow pack 200         ft bgs -            months (66 months w/o project)
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Comments:  This run assumes a reliable supply of imported water  and 
manages imported water with the intend of keeping water levels in the range 
of 100 to 150 ft bgs.  It allows some increase in native water recovery during 
periods of high groundwater.
Native Water Storage:  Available native water stored up to capacity of the 
basin.   No change from existing conditions.
Imported Water Storage:  8,000 af available for storage in all years.  
Storage limited to 15,000 af in storage at any time.  Storage space reserved 
for approx 6,000 af of imported water. 
Change in Native Groundwater Recovery: Recover up to 3,000 af/y 
increase from historic depending on water levels. 
Imported Water Recovery: Recover up to 12,000 af/y if WSL above 110 ft 
bgs from January through December or above 130 feet bgs from August 
through December.

Snauble/Zoraster
3/15/2005 10:24 AM 1 0f 5

Three Valleys Municipal Water District
Prepared by Bookman-Edmonston



Appendix E (part)
Imported Water Spreading at San Antonio Spreading Grounds

Example of Project Operations

90% 80% 60% 40%

-          4,000            6,000        8,000             Stored  Recovered 

af af af ft ft af af af af af  af  af  af  ft bgs  ft bgs  af  ft bgs  af  af  af  ft bgs  af  af  af ft bgs  ft bgs ft bgs

1-Jan-73 339           N 339                 -             (3.0)                    8.80              163             72% 0% -            15,000          -                -             110              500           -              -            -               -                  -                 70             250            -                 -              -          163         
1-Feb-73 1,723         N 1,723              (3.4)            (15.5)                  0.40              169             -            15,000          -                -             -           110              500           -              -            -               -                  -                 70             250            -                 -              -          -              169         
1-Mar-73 2,370         N 2,370              (20.6)          (21.1)                  1.20              154             -          1,000            400           333               1,733         15,000          1,733            1,733         (15.6)        110              500           -              -            1,733            -                  1,733             70             250            -                 -              -          -              154         
1-Apr-73 939           N 939                 (44.3)          (8.1)                    (3.00)             118             -          1,000            400           333               1,733         13,267          1,733            1,733         (15.6)        110              500           -              -            3,467            -                  3,467             70             250            -                 -              -          (15.6)           134         

1-May-73 861           N 861                 (53.7)          (7.3)                    8.20              91              -          1,000            400           333               1,733         11,533          -                -             -           110              1,500        -              -            3,467            -                  3,467             70             250            -                 -              -          (15.6)           123         
1-Jun-73 371           N 371                 (62.3)          (2.8)                    4.00              92              1,000            400           333               1,733         11,533          -                -             -           110              1,500        347             3.1            3,467            347                 3,120             70             250            -                 -              -          -              124         
1-Jul-73 121           N 121                 (66.0)          (0.5)                    5.60              97              333               333            11,880          -                -             -           110              1,500        1,040          9.4            3,467            1,387               2,080             70             250            -                 -              -          3.1              125         

1-Aug-73 -            N -                 (67.2)          0.6                     (0.80)             111             -            12,920          -                -             -           120              1,500        1,040          9.4            3,467            2,427               1,040             70             250            -                 -              -          9.4              130         
1-Sep-73 1               N 1                    (67.2)          0.6                     5.60              120             400           400            13,960          400               400            (3.6)          140              1,500        1,040          9.4            3,867            3,467               400                70             250            -                 -              -          9.4              130         
1-Oct-73 0               N 0                    (67.3)          0.6                     (1.00)             132             -            14,600          -                -             -           140              1,500        400             3.6            3,867            3,867               -                 70             250            -                 -              -          5.8              136         
1-Nov-73 1               N 1                    (67.3)          0.6                     (1.60)             136             -            15,000          -                -             -           150              500           -              -            3,867            3,867               -                 70             250            -                 -              -          3.6              136         
1-Dec-73 1               N 1                    (67.3)          0.6                     2.00              135             -            15,000          -                -             -           150              500           -              -            3,867            3,867               -                 70             250            -                 -              -          -              135         
1-Jan-74 17 N 17                   (67.3)          0.5                     8.80              137             66% 0% -            15,000          -                -             -           150              500           -              -            3,867            3,867               -                 70             250            -                 -              -          -              137         
1-Feb-74 85 N 85                   (67.4)          (0.2)                    0.40              146             -            15,000          -                -             -           150              500           -              -            3,867            3,867               -                 70             250            -                 -              -          -              146         
1-Mar-74 116 N 116                 (68.3)          (0.4)                    1.20              147             -          1,000            400           333               1,733         15,000          1,733            1,733         (15.6)        150              500           -              -            5,600            3,867               1,733             70             250            -                 -              -          -              147         
1-Apr-74 46 N 46                   (69.4)          0.2                     (3.00)             132             -          1,000            400           333               1,733         13,267          1,733            1,733         (15.6)        150              500           -              -            7,333            3,867               3,467             70             250            -                 -              -          (15.6)           147         

1-May-74 42 N 42                   (69.9)          0.2                     8.20              113             -          1,000            400           333               1,733         11,533          1,733            1,733         (15.6)        150              1,500        -              -            9,067            3,867               5,200             70             250            -                 -              -          (15.6)           145         
1-Jun-74 18 N 18                   (70.3)          0.5                     4.00              106             1,000            400           333               1,733         9,800            1,733            1,733         (15.6)        150              1,500        520             4.7            10,800          4,387               6,413             70             250            -                 -              -          (15.6)           153         
1-Jul-74 6 N 6                    (70.5)          0.6                     5.60              100             333               333            8,587            -                -             -           150              1,500        1,500          13.5          10,800          5,887               4,913             70             250            -                 -              -          (10.9)           158         

1-Aug-74 0 N -                 (70.6)          0.6                     (0.80)             119             -            10,087          -                -             -           150              1,500        1,500          13.5          10,800          7,387               3,413             70             250            -                 -              -          13.5            164         
1-Sep-74 0 N 0                    (70.6)          0.6                     5.60              133             400           333               733            11,587          733               733            (6.6)          150              1,500        1,500          13.5          11,533          8,887               2,647             70             250            -                 -              -          13.5            164         
1-Oct-74 0 N 0                    (70.6)          0.6                     (1.00)             146             -            12,353          -                -             -           150              1,500        1,500          13.5          11,533          10,387             1,147             70             250            -                 -              -          6.9              170         
1-Nov-74 0 N 0                    (70.6)          0.6                     (1.60)             159             -            13,853          -                -             -           150              500           -              -            11,533          10,387             1,147             70             250            -                 -              -          13.5            169         
1-Dec-74 0 N 0                    (70.6)          0.6                     2.00              158             -            13,853          -                -             -           150              500           -              -            11,533          10,387             1,147             70             250            -                 -              -          -              168         
1-Jan-75 1 N 1                    (70.6)          0.6                     8.80              161             33% 0% -            13,853          -                -             -           150              500           -              -            11,533          10,387             1,147             70             250            -                 -              -          -              171         
1-Feb-75 7 N 7                    (67.2)          0.5                     0.40              170             -            13,853          -                -             -           150              500           -              -            11,533          10,387             1,147             70             250            -                 -              -          -              181         
1-Mar-75 9 N 9                    (50.0)          0.4                     1.20              171             -          1,000            400           333               1,733         13,853          1,733            1,733         (15.6)        150              500           -              -            13,267          10,387             2,880             70             250            -                 -              -          -              181         
1-Apr-75 4 N 4                    (26.4)          0.2                     (3.00)             157             -          1,000            400           333               1,733         12,120          1,733            1,733         (15.6)        150              500           -              -            15,000          10,387             4,613             70             250            -                 -              -          (15.6)           183         

1-May-75 3 N 3                    (17.1)          0.1                     8.20              139             -          1,000            400           333               1,733         10,387          1,733            1,733         (15.6)        150              1,500        -              -            16,733          10,387             6,347             70             250            -                 -              -          (15.6)           180         
1-Jun-75 1 N 1                    (8.5)            0.1                     4.00              131             1,000            400           333              1,733       8,653          1,733          1,733       (15.6)      150            1,500      635           5.7          18,467        11,021           7,445            70             250            -                 -             -        (15.6)         189       
1-Jul-75 0 N 0                    (4.8)            0.0                     5.60              126             333              333          7,555          333             333          (3.0)        150            1,500      1,500        13.5        18,800        12,521           6,279            70             250            -                 -             -        (9.9)           193       

1-Aug-75 0 N -                 (3.6)            0.0                     (0.80)             142             -          8,721          -              -           -         150            1,500      1,500        13.5        18,800        14,021           4,779            70             250            -                 -             -        10.5          198       
1-Sep-75 0 N 0                    (3.6)            0.0                     5.60              154             400           333              733          10,221        733             733          (6.6)        150            1,500      -            -          19,533        14,021           5,512            70             250            -                 -             -        13.5          197       
1-Oct-75 0 N 0                    (3.6)            0.0                     (1.00)             154             -            9,488            -                -             -           150              1,500        -              -            19,533          14,021             5,512             70             250            -                 -              -          (6.6)             203         
1-Nov-75 0 N 0                    (3.6)            0.0                     (1.60)             153             -            9,488            -                -             -           150              500           -              -            19,533          14,021             5,512             70             250            -                 -              -          -              202         
1-Dec-75 1 N 1                    (3.6)            0.0                     2.00              151             -            9,488            -                -             -           150              500           -              -            19,533          14,021             5,512             70             250            -                 -              -          -              201         
1-Jan-76 8 N 8                    (3.6)            (0.0)                    8.80              153             76% 0% -            9,488            -                -             -           150              500           -              -            19,533          14,021             5,512             70             250            -                 -              -          -              203         
1-Feb-76 39 N 39                   (3.5)            (0.3)                    0.40              162             -            9,488            -                -             -           150              500           -              -            19,533          14,021             5,512             70             250            -                 -              -          -              211         
1-Mar-76 54 N 54                   (3.0)            (0.5)                    1.20              162             -          1,000            400           333               1,733         9,488            1,733            1,733         (15.6)        150              500           -              -            21,267          14,021             7,245             70             250            -                 -              -          -              211         
1-Apr-76 21 N 21                   (2.4)            (0.2)                    (3.00)             147             -          1,000            400           333               1,733         7,755            1,733            1,733         (15.6)        150              500           -              -            23,000          14,021             8,979             70             250            -                 -              -          (15.6)           212         

1-May-76 20 N 20                   (2.2)            (0.2)                    8.20              128             -          1,000            400           333               1,733         6,021            1,733            1,733         (15.6)        150              1,500        -              -            24,733          14,021             10,712            70             250            -                 -              -          (15.6)           209         
1-Jun-76 8 N 8                    (1.9)            (0.1)                    4.00              121             1,000            400           333               1,733         4,288            1,733            1,733         (15.6)        150              1,500        1,071          9.6            26,467          15,093             11,374            70             250            -                 -              -          (15.6)           217         
1-Jul-76 3 N 3                    (1.8)            (0.0)                    5.60              119             333               333            3,626            333               333            (3.0)          150              1,500        1,500          13.5          26,800          16,593             10,207            70             250            -                 -              -          (6.0)             221         

1-Aug-76 0 N -                 (1.8)            0.0                     (0.80)             135             -            4,793            -                -             -           150              1,500        1,500          13.5          26,800          18,093             8,707             70             250            -                 -              -          10.5            227         
1-Sep-76 0 N 0                    (1.8)            0.0                     5.60              147             400           333               733            6,293            733               733            (6.6)          150              1,500        1,500          13.5          27,533          19,593             7,941             70             250            -                 -              -          13.5            226         
1-Oct-76 0 N 0                    (1.8)            0.0                     (1.00)             160             -            7,059            -                -             -           150              1,500        -              -            27,533          19,593             7,941             70             250            -                 -              -          6.9              231         
1-Nov-76 1 N 1                    (1.8)            0.0                     (1.60)             159             -            7,059            -                -             -           150              500           -              -            27,533          19,593             7,941             70             250            -                 -              -          -              230         
1-Dec-76 1 N 1                    (1.8)            0.0                     2.00              157             -            7,059            -                -             -           150              500           -              -            27,533          19,593             7,941             70             250            -                 -              -          -              229         
1-Jan-77 14 N 14                   (1.8)            (0.1)                    8.80              159             91% 0% -            7,059            -                -             -           150              500           -              -            27,533          19,593             7,941             70             250            -                 -              -          -              231         
1-Feb-77 70 N 70                   (1.9)            (0.6)                    0.40              168             -            7,059            -                -             -           150              500           -              -            27,533          19,593             7,941             70             250            -                 -              -          -              240         
1-Mar-77 96 N 96                   (2.6)            (0.8)                    1.20              168             -          1,000            400           333               1,733         7,059            1,733            1,733         (15.6)        150              500           -              -            29,267          19,593             9,674             70             250            -                 -              -          -              239         
1-Apr-77 38 N 38                   (3.4)            (0.3)                    (3.00)             153             -          1,000            400           333               1,733         5,326            1,733            1,733         (15.6)        150              500           -              -            31,000          19,593             11,407            70             250            -                 -              -          (15.6)           240         

1-May-77 35 N 35                   (3.8)            (0.3)                    8.20              134             -          1,000            400           333               1,733         3,593            1,733            1,733         (15.6)        150              1,500        -              -            32,733          19,593             13,141            70             250            -                 -              -          (15.6)           236         
1-Jun-77 15 N 15                   (4.1)            (0.1)                    4.00              126             1,000            400           333               1,733         1,859            1,733            1,733         (15.6)        150              1,500        1,314          11.8          34,467          20,907             13,560            70             250            -                 -              -          (15.6)           244         
1-Jul-77 5 N 5                    (4.2)            (0.0)                    5.60              126             333               333            1,440            333               333            (3.0)          150              1,500        1,500          13.5          34,800          22,407             12,393            70             250            -                 -              -          (3.8)             248         

1-Aug-77 0 N -                 (4.3)            0.0                     (0.80)             142             -            2,607            -                -             -           150              1,500        1,500          13.5          34,800          23,907             10,893            70             250            -                 -              -          10.5            254         
1-Sep-77 0 N 0                    (4.3)            0.0                     5.60              155             400           333               733            4,107            733               733            (6.6)          150              1,500        -              -            35,533          23,907             11,627            70             250            -                 -              -          13.5            253         
1-Oct-77 5 N 5                    (4.3)            (0.0)                    (1.00)             154             -            3,373            -                -             -           150              1,500        -              -            35,533          23,907             11,627            70             250            -                 -              -          (6.6)             259         
1-Nov-77 63 N 63                   (4.3)            (0.5)                    (1.60)             153             -            3,373            -                -             -           150              500           -              -            35,533          23,907             11,627            70             250            -                 -              -          -              258         
1-Dec-77 101 N 101                 (5.0)            (0.9)                    2.00              151             -            3,373            -                -             -           150              500           -              -            35,533          23,907             11,627            70             250            -                 -              -          -              256         
1-Jan-78 1,519         N 1,519              (6.0)            (13.6)                  8.80              152             49% 0% -            3,373            -                -             -           150              500           -              -            35,533          23,907             11,627            70             250            -                 -              -          -              257         
1-Feb-78 7,726         N 7,726              (21.1)          (69.3)                  0.40              147             -            3,373            -                -             -           150              500           -              -            35,533          23,907             11,627            70             250            -                 -              -          -              252         
1-Mar-78 10,628       N -                 (97.9)          0.9                     1.20              78              -          1,000            400           333               1,733         3,373            -                -             -           150              500           -              -            35,533          23,907             11,627            70             250            -                 -              -          -              183         
1-Apr-78 4,211         N -                 (97.4)          0.9                     (3.00)             80              -          1,000            400           333               1,733         3,373            -                -             -           150              500           -              -            35,533          23,907             11,627            70             250            -                 -              -          -              89           

1-May-78 3,859         N -                 (97.2)          0.9                     8.20              78              -          1,000            400           333               1,733         3,373            -                -             -           150              1,500        -              -            35,533          23,907             11,627            70             250            -                 -              -          -              88           
1-Jun-78 1,664         N 1,664              (97.0)          (14.1)                  4.00              87              1,000            400           333               1,733         3,373            -                -             -           150              1,500        1,163          10.5          35,533          25,069             10,464            70             250            -                 -              -          -              63           
1-Jul-78 542           N 542                 (113.6)        (3.9)                    5.60              88              333               333            4,536            -                -             -           150              1,500        1,500          13.5          35,533          26,569             8,964             70             250            -                 -              -          10.5            70           

1-Aug-78 -            N -                 (118.9)        1.1                     (0.80)             103             -            6,036            -                -             -           150              1,500        1,500          13.5          35,533          28,069             7,464             70             250            -                 -              -          13.5            73           
1-Sep-78 3               N 3                    (118.9)        1.0                     5.60              117             400           333               733            7,536            733               733            (6.6)          150              1,500        1,500          13.5          36,267          29,569             6,697             70             250            -                 -              -          13.5            74           
1-Oct-78 0               N 0                    (119.0)        1.1                     (1.00)             130             -            8,303            -                -             -           150              1,500        1,500          13.5          36,267          31,069             5,197             70             250            -                 -              -          6.9              82           
1-Nov-78 6               N 6                    (119.0)        1.0                     (1.60)             144             -            9,803            -                -             -           150              500           500             4.5            36,267          31,569             4,697             70             250            -                 -              -          13.5            83           
1-Dec-78 9               N 9                    (119.0)        1.0                     2.00              148             -            10,303          -                -             -           150              500           500             4.5            36,267          32,069             4,197             70             250            -                 -              -          4.5              84           
1-Jan-79 135           N 135                 (119.1)        (0.1)                    8.80              155             64% 0% -            10,803          -                -             -           150              500           -              -            36,267          32,069             4,197             70             250            -                 -              -          4.5              88           
1-Feb-79 688           N 688                 (120.3)        (5.1)                    0.40              164             -            10,803          -                -             -           150              500           -              -            36,267          32,069             4,197             70             250            -                 -              -          -              98           
1-Mar-79 947           N 947                 (126.5)        (7.4)                    1.20              159             -          1,000            400           333               1,733         10,803          1,733            1,733         (15.6)        150              500           -              -            38,000          32,069             5,931             70             250            -                 -              -          -              94           
1-Apr-79 375           N 375                 (135.0)        (2.2)                    (3.00)             137             -          1,000            400           333               1,733         9,069            1,733            1,733         (15.6)        150              500           -              -            39,733          32,069             7,664             70             250            -                 -              -          (15.6)           89           

1-May-79 344           N 344                 (138.4)        (1.8)                    8.20              117             -          1,000            400           333               1,733         7,336            1,733            1,733         (15.6)        150              1,500        -              -            41,467          32,069             9,397             70             250            -                 -              -          (15.6)           85           
1-Jun-79 148           N 148                 (141.5)        (0.1)                    4.00              107             1,000            400           333               1,733         5,603            1,733            1,733         (15.6)        150              1,500        940             8.5            43,200          33,009             10,191            70             250            -                 -              -          (15.6)           92           
1-Jul-79 48             N 48                   (142.8)        0.9                     5.60              104             333               333            4,809            333               333            (3.0)          150              1,500        1,500          13.5          43,533          34,509             9,024             70             250            -                 -              -          (7.1)             98           

1-Aug-79 -            N -                 (143.2)        1.3                     (0.80)             121             -            5,976            -                -             -           150              1,500        1,500          13.5          43,533          36,009             7,524             70             250            -                 -              -          10.5            105         
1-Sep-79 0               N 0                    (143.2)        1.3                     5.60              135             400           333               733            7,476            733               733            (6.6)          150              1,500        1,500          13.5          44,267          37,509             6,758             70             250            -                 -              -          13.5            107         
1-Oct-79 4               N 4                    (143.2)        1.3                     (1.00)             149             -            8,242            -                -             -           150              1,500        1,500          13.5          44,267          39,009             5,258             70             250            -                 -              -          6.9              115         
1-Nov-79 49             N 49                   (143.2)        0.9                     (1.60)             163             -            9,742            -                -             -           150              500           -              -            44,267          39,009             5,258             70             250            -                 -              -          13.5            116         
1-Dec-79 78             N 78                   (143.1)        0.6                     2.00              162             -            9,742            -                -             -           150              500           -              -            44,267          39,009             5,258             70             250            -                 -              -          -              117         
1-Jan-80 1,165         N 1,165              (142.8)        (9.2)                    8.80              164             70% 0% -            9,742            -                -             -           150              500           -              -            44,267          39,009             5,258             70             250            -                 -              -          -              120         
1-Feb-80 5,925         N 5,925              (139.3)        (52.1)                  0.40              164             -            9,742            -                -             -           150              500           -              -            44,267          39,009             5,258             70             250            -                 -              -          -              121         
1-Mar-80 8,151         N 8,151              (121.3)        (72.3)                  1.20              112             -          1,000            400           333               1,733         9,742            1,733            1,733         (15.6)        150              500           -              -            46,000          39,009             6,991             70             250            -                 -              -          -              71           
1-Apr-80 3,229         N -                 (202.8)        1.8                     (3.00)             35              -          1,000            400           333               1,733         8,009            -                -             -           150              500           -              -            46,000          39,009             6,991             70             250            250                250             2             (15.6)           74           

1-May-80 2,960         N -                 (202.8)        1.8                     8.20              36              -          1,000            400           333               1,733         8,009            -                -             -           150              1,500        -              -            46,000          39,009             6,991             70             250            250                500             2             2.3              72           
1-Jun-80 1,276         N -                 (202.8)        1.8                     4.00              48              1,000            400           333               1,733         8,009            -                -             -           150              1,500        699             6.3            46,000          39,708             6,292             70             250            250                750             2             2.3              82           
1-Jul-80 416           N 416                 (186.2)        (2.1)                    5.60              63              333               333            8,708            -                -             -           150              1,500        1,500          13.5          46,000          41,208             4,792             70             250            250                1,000          2             8.5              75           

1-Aug-80 -            N -                 (184.9)        1.7                     (0.80)             82              -            10,208          -                -             -           150              1,500        1,500          13.5          46,000          42,708             3,292             70             250            -                 1,000          -          15.8            78           
1-Sep-80 3               N 3                    (184.9)        1.6                     5.60              96              400           333               733            11,708          -                -             -           150              1,500        1,500          13.5          46,000          44,208             1,792             70             250            -                 1,000          -          13.5            78           
1-Oct-80 0               N 0                    (184.9)        1.7                     (1.00)             117             -            13,208          -                -             -           150              1,500        1,500          13.5          46,000          45,708             292                70             250            -                 1,000          -          13.5            85           
1-Nov-80 0               N 0                    (184.9)        1.7                     (1.60)             131             -            14,708          -                -             -           150              500           292             2.6            46,000          46,000             -                 70             250            -                 1,000          -          13.5            85           
1-Dec-80 0               N 0                    (184.8)        1.7                     2.00              134             -            15,000          -                -             -           150              500           -              -            46,000          46,000             -                 70             250            -                 1,000          -          2.6              85           
1-Jan-81 2               N 2                    (184.8)        1.6                     8.80              138             94% 0% -            15,000          -                -             -           150              500           -              -            46,000          46,000             -                 70             250            -                 1,000          -          -              88           
1-Feb-81 10             N 10                   (183.4)        1.6                     0.40              148             -            15,000          -                -             -           150              500           -              -            46,000          46,000             -                 70             250            -                 1,000          -          -              97           
1-Mar-81 14             N 14                   (176.6)        1.5                     1.20              150             -          1,000            400           333               1,733         15,000          1,733            1,733         (15.6)        150              500           -              -            47,733          46,000             1,733             70             250            -                 1,000          -          -              99           
1-Apr-81 5               N 5                    (167.3)        1.5                     (3.00)             137             -          1,000            400           333               1,733         13,267          1,733            1,733         (15.6)        150              500           -              -            49,467          46,000             3,467             70             250            -                 1,000          -          (15.6)           101         

1-May-81 5               N 5                    (163.6)        1.4                     8.20              120             -          1,000            400           333               1,733         11,533          1,733            1,733         (15.6)        150              1,500        -              -            51,200          46,000             5,200             70             250            -                 1,000          -          (15.6)           99           
1-Jun-81 2               N 2                    (160.2)        1.4                     4.00              114             1,000            400           333               1,733         9,800            1,733            1,733         (15.6)        150              1,500        520             4.7            52,933          46,520             6,413             70             250            -                 1,000          -          (15.6)           108         
1-Jul-81 1               N 1                    (158.8)        1.4                     5.60              108             333               333            8,587            333               333            (3.0)          150              1,500        1,500          13.5          53,267          48,020             5,247             70             250            -                 1,000          -          (10.9)           112         

1-Aug-81 -            N -                 (158.3)        1.4                     (0.80)             126             -            9,753            -                -             -           150              1,500        1,500          13.5          53,267          49,520             3,747             70             250            -                 1,000          -          10.5            119         
1-Sep-81 0               N 0                    (158.3)        1.4                     5.60              140             400           333               733            11,253          733               733            (6.6)          150              1,500        1,500          13.5          54,000          51,020             2,980             70             250            -                 1,000          -          13.5            119         
1-Oct-81 1               N 1                    (158.3)        1.4                     (1.00)             154             -            12,020          -                -             -           150              1,500        -              -            54,000          51,020             2,980             70             250            -                 1,000          -          6.9              125         
1-Nov-81 16             N 16                   (158.3)        1.3                     (1.60)             154             -            12,020          -                -             -           150              500           -              -            54,000          51,020             2,980             70             250            -                 1,000          -          -              125         
1-Dec-81 25             N 25                   (157.9)        1.2                     2.00              154             -            12,020          -                -             -           150              500           -              -            54,000          51,020             2,980             70             250            -                 1,000          -          -              124         
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Appendix E (part)
Imported Water Spreading at San Antonio Spreading Grounds

Example of Project Operations

90% 80% 60% 40%

-          4,000            6,000        8,000             Stored  Recovered 

af af af ft ft af af af af af  af  af  af  ft bgs  ft bgs  af  ft bgs  af  af  af  ft bgs  af  af  af ft bgs  ft bgs ft bgs

1-Jan-73 339           N 339                 -             (3.0)                    8.80              163             72% 0% -            15,000          -                -             110              500           -              -            -               -                  -                 70             250            -                 -              -          163         
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1-Jan-82 380           N 380                 (157.4)        (2.0)                    8.80              157             70% 0% -            12,020          -                -             -           150              500           -              -            54,000          51,020             2,980             70             250            -                 1,000          -          -              127         
1-Feb-82 1,931         N 1,931              (149.6)        (16.0)                  0.40              164             -            12,020          -                -             -           150              500           -              -            54,000          51,020             2,980             70             250            -                 1,000          -          -              133         
1-Mar-82 2,657         N 2,657              (109.6)        (22.9)                  1.20              149             -          1,000            400           333               1,733         12,020          1,733            1,733         (15.6)        150              500           -              -            55,733          51,020             4,713             70             250            -                 1,000          -          -              117         
1-Apr-82 1,053         N 1,053              (54.7)          (9.0)                    (3.00)             111             -          1,000            400           333               1,733         10,287          1,733            1,733         (15.6)        150              500           -              -            57,467          51,020             6,447             70             250            -                 1,000          -          (15.6)           94           

1-May-82 965           N 965                 (65.2)          (8.1)                    8.20              84              -          1,000            400           333               1,733         8,553            -                -             -           150              1,500        -              -            57,467          51,020             6,447             70             250            -                 1,000          -          (15.6)           82           
1-Jun-82 416           N 416                 (74.9)          (3.1)                    4.00              84              1,000            400           333               1,733         8,553            -                -             -           150              1,500        645             5.8            57,467          51,665             5,802             70             250            -                 1,000          -          -              83           
1-Jul-82 135           N 135                 (79.0)          (0.5)                    5.60              90              333               333            9,198            -                -             -           150              1,500        1,500          13.5          57,467          53,165             4,302             70             250            -                 1,000          -          5.8              84           

1-Aug-82 -            N -                 (76.2)          0.7                     (0.80)             109             -            10,698          -                -             -           150              1,500        1,500          13.5          57,467          54,665             2,802             70             250            -                 1,000          -          13.5            89           
1-Sep-82 1               N 1                    (76.2)          0.7                     5.60              122             400           333               733            12,198          733               733            (6.6)          150              1,500        1,500          13.5          58,200          56,165             2,035             70             250            -                 1,000          -          13.5            89           
1-Oct-82 5               N 5                    (76.2)          0.6                     (1.00)             136             -            12,965          -                -             -           150              1,500        1,500          13.5          58,200          57,665             535                70             250            -                 1,000          -          6.9              95           
1-Nov-82 70             N 70                   (76.2)          0.1                     (1.60)             149             -            14,465          -                -             -           150              500           500             4.5            58,200          58,165             35                  70             250            -                 1,000          -          13.5            95           
1-Dec-82 112           N 112                 (76.9)          (0.3)                    2.00              152             -            14,965          -                -             -           150              500           -              -            58,200          58,165             35                  70             250            -                 1,000          -          4.5              93           
1-Jan-83 1,681         N 1,681              (78.1)          (14.4)                  8.80              153             1% 0% -            14,965          -                -             -           150              500           -              -            58,200          58,165             35                  70             250            -                 1,000          -          -              95           
1-Feb-83 8,550         N 8,550              (94.9)          (76.1)                  0.40              148             -            14,965          -                -             -           150              500           -              -            58,200          58,165             35                  70             250            -                 1,000          -          -              89           
1-Mar-83 11,762       N -                 (180.3)        1.6                     1.20              72              -          1,000            400           333               1,733         14,965          -                -             -           150              500           -              -            58,200          58,165             35                  70             250            -                 1,000          -          -              35           
1-Apr-83 4,660         N -                 (180.1)        1.6                     (3.00)             75              -          1,000            400           333               1,733         14,965          -                -             -           150              500           -              -            58,200          58,165             35                  70             250            -                 1,000          -          -              38           

1-May-83 4,271         N -                 (180.1)        1.6                     8.20              73              -          1,000            400           333               1,733         14,965          -                -             -           150              1,500        -              -            58,200          58,165             35                  70             250            -                 1,000          -          -              36           
1-Jun-83 1,841         N -                 (180.0)        1.6                     4.00              83              1,000            400           333               1,733         14,965          -                -             -           150              1,500        4                 0.0            58,200          58,168             32                  70             250            -                 1,000          -          -              46           
1-Jul-83 600           N 600                 (180.0)        (3.8)                    5.60              89              333               333            14,968          -                -             -           150              1,500        11               0.1            58,200          58,179             21                  70             250            -                 1,000          -          0.0              52           

1-Aug-83 -            N -                 (186.0)        1.7                     (0.80)             91              -            14,979          -                -             -           150              1,500        11               0.1            58,200          58,189             11                  70             250            -                 1,000          -          0.1              59           
1-Sep-83 4               N 4                    (186.0)        1.6                     5.60              92              400           333               733            14,989          -                -             -           150              1,500        11               0.1            58,200          58,200             -                 70             250            -                 1,000          -          0.1              60           
1-Oct-83 0               N 0                    (186.0)        1.7                     (1.00)             99              -            15,000          -                -             -           150              1,500        -              -            58,200          58,200             -                 70             250            -                 1,000          -          0.1              67           
1-Nov-83 5               N 5                    (186.0)        1.6                     (1.60)             100             -            15,000          -                -             -           150              500           -              -            58,200          58,200             -                 70             250            -                 1,000          -          -              68           
1-Dec-83 8               N 8                    (185.9)        1.6                     2.00              100             -            15,000          -                -             -           150              500           -              -            58,200          58,200             -                 70             250            -                 1,000          -          -              68           
1-Jan-84 123           N 123                 (185.7)        0.6                     8.80              103             66% 0% -            15,000          -                -             -           150              500           -              -            58,200          58,200             -                 70             250            -                 1,000          -          -              71           
1-Feb-84 628           N 628                 (183.2)        (4.0)                    0.40              113             -            15,000          -                -             -           150              500           -              -            58,200          58,200             -                 70             250            -                 1,000          -          -              81           
1-Mar-84 863           N 863                 (170.1)        (6.2)                    1.20              109             -          1,000            400           333               1,733         15,000          1,733            1,733         (15.6)        150              500           -              -            59,933          58,200             1,733             70             250            -                 1,000          -          -              77           
1-Apr-84 342           N 342                 (152.2)        (1.7)                    (3.00)             89              -          1,000            400           333               1,733         13,267          -                -             -           150              500           -              -            59,933          58,200             1,733             70             250            -                 1,000          -          (15.6)           72           

1-May-84 314           N 314                 (145.1)        (1.5)                    8.20              84              -          1,000            400           333              1,733       13,267        -              -           -         150            1,500      -            -          59,933        58,200           1,733            70             250            -                 1,000         -        -            67         
1-Jun-84 135           N 135                 (138.6)        0.0                     4.00              91              1,000            400           333              1,733       13,267        -              -           -         150            1,500      173           1.6          59,933        58,373           1,560            70             250            -                 1,000         -        -            74         
1-Jul-84 44             N 44                   (135.8)        0.8                     5.60              96              333              333          13,440        -              -           -         150            1,500      520           4.7          59,933        58,893           1,040            70             250            -                 1,000         -        1.6            78         

1-Aug-84 -            N -                 (134.9)        1.2                     (0.80)             107             -          13,960        -              -           -         150            1,500      520           4.7          59,933        59,413           520               70             250            -                 1,000         -        4.7            84         
1-Sep-84 0               N 0                    (134.9)        1.2                     5.60              112             400           333              733          14,480        733             733          (6.6)        150            1,500      520           4.7          60,667        59,933           733               70             250            -                 1,000         -        4.7            84         
1-Oct-84 0               N 0                    (134.9)        1.2                     (1.00)             117             -          14,267        -              -           -         150            1,500      733           6.6          60,667        60,667           -                70             250            -                 1,000         -        (1.9)           91         
1-Nov-84 0               N 0                    (134.8)        1.2                     (1.60)             124             -          15,000        -              -           -         150            500         -            -          60,667        60,667           -                70             250            -                 1,000         -        6.6            91         
1-Dec-84 1               N 1                    (134.1)        1.2                     2.00              124             -          15,000        -              -           -         150            500         -            -          60,667        60,667           -                70             250            -                 1,000         -        -            91         
1-Jan-85 -            N -                 (133.0)        1.2                     8.80              127             50% 0% -          15,000        -              -           -         150            500         -            -          60,667        60,667           -                70             250            -                 1,000         -        -            94         
1-Feb-85 -            N -                 (116.2)        1.0                     0.40              137             -          15,000        -              -           -         150            500         -            -          60,667        60,667           -                70             250            -                 1,000         -        -            104       
1-Mar-85 44             N 44                   (30.7)          (0.1)                    1.20              138             -          1,000            400           333               1,733         15,000          1,733            1,733         (15.6)        150              500           -              -            62,400          60,667             1,733             70             250            -                 1,000          -          -              105         
1-Apr-85 -            N -                 (31.1)          0.3                     (3.00)             124             -          1,000            400           333               1,733         13,267          1,733            1,733         (15.6)        150              500           -              -            64,133          60,667             3,467             70             250            -                 1,000          -          (15.6)           106         

1-May-85 -            N -                 (31.1)          0.3                     8.20              105             -          1,000            400           333               1,733         11,533          1,733            1,733         (15.6)        150              1,500        -              -            65,867          60,667             5,200             70             250            -                 1,000          -          (15.6)           104         
1-Jun-85 -            N -                 (31.1)          0.3                     4.00              98              1,000            400           333               1,733         9,800            -                -             -           150              1,500        520             4.7            65,867          61,187             4,680             70             250            -                 1,000          -          (15.6)           112         
1-Jul-85 -            N -                 (31.1)          0.3                     5.60              107             333               333            10,320          333               333            (3.0)          150              1,500        1,500          13.5          66,200          62,687             3,513             70             250            -                 1,000          -          4.7              116         

1-Aug-85 -            N -                 (25.1)          0.2                     (0.80)             124             -            11,487          -                -             -           150              1,500        1,500          13.5          66,200          64,187             2,013             70             250            -                 1,000          -          10.5            122         
1-Sep-85 -            N -                 (25.1)          0.2                     5.60              137             400           333               733            12,987          733               733            (6.6)          150              1,500        1,500          13.5          66,933          65,687             1,247             70             250            -                 1,000          -          13.5            121         
1-Oct-85 -            N -                 (25.1)          0.2                     (1.00)             149             -            13,753          -                -             -           150              1,500        1,247          11.2          66,933          66,933             -                 70             250            -                 1,000          -          6.9              127         
1-Nov-85 -            N -                 (25.1)          0.2                     (1.60)             160             -            15,000          -                -             -           150              500           -              -            66,933          66,933             -                 70             250            -                 1,000          -          11.2            127         
1-Dec-85 0               N 0                    (25.0)          0.2                     2.00              158             -            15,000          -                -             -           150              500           -              -            66,933          66,933             -                 70             250            -                 1,000          -          -              125         
1-Jan-86 66             N 66                   (25.0)          (0.4)                    8.80              161             35% 0% -            15,000          -                -             -           150              500           -              -            66,933          66,933             -                 70             250            -                 1,000          -          -              127         
1-Feb-86 1,940         N 1,940              (24.4)          (17.2)                  0.40              169             -            15,000          -                -             -           150              500           -              -            66,933          66,933             -                 70             250            -                 1,000          -          -              136         
1-Mar-86 2,450         Y 2,450              (37.5)          (21.7)                  1.20              152             -          1,000            400           333               1,733         15,000          -                -             -           150              500           -              -            66,933          66,933             -                 70             250            -                 1,000          -          -              119         
1-Apr-86 1,700         Y 1,700              (53.4)          (14.8)                  (3.00)             132             -          1,000            400           333               1,733         15,000          -                -             -           150              500           -              -            66,933          66,933             -                 70             250            -                 1,000          -          -              98           

1-May-86 331           N 331                 (66.9)          (2.4)                    8.20              114             -          1,000            400           333               1,733         15,000          1,733            1,733         (15.6)        150              1,500        -              -            68,667          66,933             1,733             70             250            -                 1,000          -          -              81           
1-Jun-86 6               N 6                    (67.1)          0.5                     4.00              104             1,000            400           333               1,733         13,267          1,733            1,733         (15.6)        150              1,500        173             1.6            70,400          67,107             3,293             70             250            -                 1,000          -          (15.6)           86           
1-Jul-86 -            N -                 (65.8)          0.6                     5.60              95              333               333            11,707          -                -             -           150              1,500        1,098          9.9            70,400          68,204             2,196             70             250            -                 1,000          -          (14.0)           91           

1-Aug-86 -            N -                 (65.4)          0.6                     (0.80)             111             -            12,804          -                -             -           150              1,500        1,098          9.9            70,400          69,302             1,098             70             250            -                 1,000          -          9.9              97           
1-Sep-86 6               N 6                    (65.4)          0.5                     5.60              120             400           333               733            13,902          733               733            (6.6)          150              1,500        1,098          9.9            71,133          70,400             733                70             250            -                 1,000          -          9.9              97           
1-Oct-86 -            N -                 (65.4)          0.6                     (1.00)             130             -            14,267          -                -             -           150              1,500        733             6.6            71,133          71,133             -                 70             250            -                 1,000          -          3.3              103         
1-Nov-86 -            N -                 (65.4)          0.6                     (1.60)             136             -            15,000          -                -             -           150              500           -              -            71,133          71,133             -                 70             250            -                 1,000          -          6.6              103         
1-Dec-86 1               N 1                    (65.4)          0.6                     2.00              135             -            15,000          -                -             -           150              500           -              -            71,133          71,133             -                 70             250            -                 1,000          -          -              102         
1-Jan-87 8               N 8                    (65.4)          0.5                     8.80              138             4% 0% -            15,000          -                -             -           150              500           -              -            71,133          71,133             -                 70             250            -                 1,000          -          -              104         
1-Feb-87 0               N 0                    (65.5)          0.6                     0.40              147             -            15,000          -                -             -           150              500           -              -            71,133          71,133             -                 70             250            -                 1,000          -          -              114         
1-Mar-87 -            N -                 (65.5)          0.6                     1.20              148             -          1,000            400           333               1,733         15,000          1,733            1,733         (15.6)        150              500           -              -            72,867          71,133             1,733             70             250            -                 1,000          -          -              115         
1-Apr-87 -            N -                 (65.1)          0.6                     (3.00)             134             -          1,000            400           333               1,733         13,267          1,733            1,733         (15.6)        150              500           -              -            74,600          71,133             3,467             70             250            -                 1,000          -          (15.6)           116         

1-May-87 -            N -                 (65.1)          0.6                     8.20              116             -          1,000            400           333               1,733         11,533          1,733            1,733         (15.6)        150              1,500        -              -            76,333          71,133             5,200             70             250            -                 1,000          -          (15.6)           114         
1-Jun-87 -            N -                 (65.1)          0.6                     4.00              109             1,000            400           333               1,733         9,800            1,733            1,733         (15.6)        150              1,500        520             4.7            78,067          71,653             6,413             70             250            -                 1,000          -          (15.6)           123         
1-Jul-87 -            N -                 (65.1)          0.6                     5.60              103             333               333            8,587            333               333            (3.0)          150              1,500        1,500          13.5          78,400          73,153             5,247             70             250            -                 1,000          -          (10.9)           127         

1-Aug-87 -            N -                 (65.1)          0.6                     (0.80)             120             -            9,753            -                -             -           150              1,500        1,500          13.5          78,400          74,653             3,747             70             250            -                 1,000          -          10.5            134         
1-Sep-87 3               N 3                    (65.1)          0.6                     5.60              133             400           333               733            11,253          733               733            (6.6)          150              1,500        1,500          13.5          79,133          76,153             2,980             70             250            -                 1,000          -          13.5            133         
1-Oct-87 12             N 12                   (65.1)          0.5                     (1.00)             146             -            12,020          -                -             -           150              1,500        1,500          13.5          79,133          77,653             1,480             70             250            -                 1,000          -          6.9              139         
1-Nov-87 164           N 164                 (65.2)          (0.9)                    (1.60)             159             -            13,520          -                -             -           150              500           -              -            79,133          77,653             1,480             70             250            -                 1,000          -          13.5            139         
1-Dec-87 46             N 46                   (66.9)          0.2                     2.00              156             -            13,520          -                -             -           150              500           -              -            79,133          77,653             1,480             70             250            -                 1,000          -          -              136         
1-Jan-88 31             N 31                   (67.3)          0.3                     8.80              159             40% 0% -            13,520          -                -             -           150              500           -              -            79,133          77,653             1,480             70             250            -                 1,000          -          -              139         
1-Feb-88 4               N 4                    (67.0)          0.6                     0.40              168             -            13,520          -                -             -           150              500           -              -            79,133          77,653             1,480             70             250            -                 1,000          -          -              148         
1-Mar-88 21             N 21                   (47.6)          0.2                     1.20              169             -          1,000            400           333               1,733         13,520          1,733            1,733         (15.6)        150              500           -              -            80,867          77,653             3,213             70             250            -                 1,000          -          -              149         
1-Apr-88 364           N 364                 (23.3)          (3.1)                    (3.00)             155             -          1,000            400           333               1,733         11,787          1,733            1,733         (15.6)        150              500           -              -            82,600          77,653             4,947             70             250            -                 1,000          -          (15.6)           150         

1-May-88 695           N 695                 (10.0)          (6.2)                    8.20              133             -          1,000            400           333               1,733         10,053          1,733            1,733         (15.6)        150              1,500        -              -            84,333          77,653             6,680             70             250            -                 1,000          -          (15.6)           144         
1-Jun-88 63             N 63                   (13.6)          (0.4)                    4.00              119             1,000            400           333               1,733         8,320            1,733            1,733         (15.6)        150              1,500        668             6.0            86,067          78,321             7,745             70             250            -                 1,000          -          (15.6)           146         
1-Jul-88 -            N -                 (14.2)          0.1                     5.60              113             333               333            7,255            333               333            (3.0)          150              1,500        1,500          13.5          86,400          79,821             6,579             70             250            -                 1,000          -          (9.6)             150         

1-Aug-88 -            N -                 (14.2)          0.1                     (0.80)             129             -            8,421            -                -             -           150              1,500        1,500          13.5          86,400          81,321             5,079             70             250            -                 1,000          -          10.5            155         
1-Sep-88 -            N -                 (14.2)          0.1                     5.60              142             400           333               733            9,921            733               733            (6.6)          150              1,500        1,500          13.5          87,133          82,821             4,312             70             250            -                 1,000          -          13.5            155         
1-Oct-88 -            N -                 (14.1)          0.1                     (1.00)             155             -            10,688          -                -             -           150              1,500        -              -            87,133          82,821             4,312             70             250            -                 1,000          -          6.9              161         
1-Nov-88 -            N -                 (14.1)          0.1                     (1.60)             154             -            10,688          -                -             -           150              500           -              -            87,133          82,821             4,312             70             250            -                 1,000          -          -              160         
1-Dec-88 142           N 142                 (14.1)          (1.2)                    2.00              153             -            10,688          -                -             -           150              500           -              -            87,133          82,821             4,312             70             250            -                 1,000          -          -              158         
1-Jan-89 22             N 22                   (15.5)          (0.1)                    8.80              153             7% 0% -            10,688          -                -             -           150              500           -              -            87,133          82,821             4,312             70             250            -                 1,000          -          -              159         
1-Feb-89 33             N 33                   (15.7)          (0.2)                    0.40              162             -            10,688          -                -             -           150              500           -              -            87,133          82,821             4,312             70             250            -                 1,000          -          -              168         
1-Mar-89 45             N 45                   (16.0)          (0.3)                    1.20              162             -          1,000            400           333               1,733         10,688          1,733            1,733         (15.6)        150              500           -              -            88,867          82,821             6,045             70             250            -                 1,000          -          -              168         
1-Apr-89 1               N 1                    (16.5)          0.1                     (3.00)             148             -          1,000            400           333               1,733         8,955            1,733            1,733         (15.6)        150              500           -              -            90,600          82,821             7,779             70             250            -                 1,000          -          (15.6)           169         

1-May-89 -            N -                 (16.5)          0.1                     8.20              129             -          1,000            400           333               1,733         7,221            1,733            1,733         (15.6)        150              1,500        -              -            92,333          82,821             9,512             70             250            -                 1,000          -          (15.6)           166         
1-Jun-89 -            N -                 (16.5)          0.1                     4.00              122             1,000            400           333               1,733         5,488            1,733            1,733         (15.6)        150              1,500        951             8.6            94,067          83,773             10,294            70             250            -                 1,000          -          (15.6)           174         
1-Jul-89 -            N -                 (16.5)          0.1                     5.60              119             333               333            4,706            333               333            (3.0)          150              1,500        1,500          13.5          94,400          85,273             9,127             70             250            -                 1,000          -          (7.0)             179         

1-Aug-89 -            N -                 (16.5)          0.1                     (0.80)             135             -            5,873            -                -             -           150              1,500        1,500          13.5          94,400          86,773             7,627             70             250            -                 1,000          -          10.5            184         
1-Sep-89 -            N -                 (16.5)          0.1                     5.60              148             400           333               733            7,373            733               733            (6.6)          150              1,500        1,500          13.5          95,133          88,273             6,861             70             250            -                 1,000          -          13.5            184         
1-Oct-89 -            N -                 (16.4)          0.1                     (1.00)             161             -            8,139            -                -             -           150              1,500        -              -            95,133          88,273             6,861             70             250            -                 1,000          -          6.9              189         
1-Nov-89 -            N -                 (16.3)          0.1                     (1.60)             160             -            8,139            -                -             -           150              500           -              -            95,133          88,273             6,861             70             250            -                 1,000          -          -              189         
1-Dec-89 -            N -                 (14.7)          0.1                     2.00              159             -            8,139            -                -             -           150              500           -              -            95,133          88,273             6,861             70             250            -                 1,000          -          -              187         
1-Jan-90 -            N -                 (14.2)          0.1                     8.80              161             26% 0% -            8,139            -                -             -           150              500           -              -            95,133          88,273             6,861             70             250            -                 1,000          -          -              189         
1-Feb-90 2               N 2                    (13.9)          0.1                     0.40              170             -            8,139            -                -             -           150              500           -              -            95,133          88,273             6,861             70             250            -                 1,000          -          -              198         
1-Mar-90 -            N -                 (13.9)          0.1                     1.20              170             -          1,000            400           333               1,733         8,139            1,733            1,733         (15.6)        150              500           -              -            96,867          88,273             8,594             70             250            -                 1,000          -          -              199         
1-Apr-90 -            N -                 (13.7)          0.1                     (3.00)             156             -          1,000            400           333               1,733         6,406            1,733            1,733         (15.6)        150              500           -              -            98,600          88,273             10,327            70             250            -                 1,000          -          (15.6)           200         

1-May-90 -            N -                 (10.0)          0.1                     8.20              137             -          1,000            400           333               1,733         4,673            1,733            1,733         (15.6)        150              1,500        -              -            100,333        88,273             12,061            70             250            -                 1,000          -          (15.6)           197         
1-Jun-90 -            N -                 (3.1)            0.0                     4.00              130             1,000            400           333               1,733         2,939            1,733            1,733         (15.6)        150              1,500        1,206          10.9          102,067        89,479             12,588            70             250            -                 1,000          -          (15.6)           205         
1-Jul-90 -            N -                 (2.5)            0.0                     5.60              129             333               333            2,412            333               333            (3.0)          150              1,500        1,500          13.5          102,400        90,979             11,421            70             250            -                 1,000          -          (4.7)             209         

1-Aug-90 -            N -                 (2.5)            0.0                     (0.80)             146             -            3,579            -                -             -           150              1,500        1,500          13.5          102,400        92,479             9,921             70             250            -                 1,000          -          10.5            215         
1-Sep-90 -            N -                 (2.5)            0.0                     5.60              158             400           333               733            5,079            733               733            (6.6)          150              1,500        -              -            103,133        92,479             10,655            70             250            -                 1,000          -          13.5            214         
1-Oct-90 -            N -                 (2.5)            0.0                     (1.00)             157             -            4,345            -                -             -           150              1,500        -              -            103,133        92,479             10,655            70             250            -                 1,000          -          (6.6)             220         
1-Nov-90 -            N -                 (2.5)            0.0                     (1.60)             156             -            4,345            -                -             -           150              500           -              -            103,133        92,479             10,655            70             250            -                 1,000          -          -              219         
1-Dec-90 9               N 9                    (2.5)            (0.1)                    2.00              155             -            4,345            -                -             -           150              500           -              -            103,133        92,479             10,655            70             250            -                 1,000          -          -              217         
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Appendix E (part)
Imported Water Spreading at San Antonio Spreading Grounds

Example of Project Operations

90% 80% 60% 40%
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1-Jan-73 339           N 339                 -             (3.0)                    8.80              163             72% 0% -            15,000          -                -             110              500           -              -            -               -                  -                 70             250            -                 -              -          163         
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1-Jan-91 -            N -                 (1.1)            0.0                     8.80              157             15% 0% -            4,345            -                -             -           150              500           -              -            103,133        92,479             10,655            70             250            -                 1,000          -          -              219         
1-Feb-91 19             N 19                   (0.9)            (0.2)                    0.40              165             -            4,345            -                -             -           150              500           -              -            103,133        92,479             10,655            70             250            -                 1,000          -          -              228         
1-Mar-91 426           N 426                 (0.8)            (3.8)                    1.20              166             -          1,000            400           333               1,733         4,345            1,733            1,733         (15.6)        150              500           -              -            104,867        92,479             12,388            70             250            -                 1,000          -          -              228         
1-Apr-91 495           N 495                 (4.6)            (4.4)                    (3.00)             147             -          1,000            400           333               1,733         2,612            1,733            1,733         (15.6)        150              500           -              -            106,600        92,479             14,121            70             250            -                 1,000          -          (15.6)           226         

1-May-91 344           N 344                 (9.5)            (3.0)                    8.20              124             -          1,000            400           333               1,733         879              879               879            (7.9)          150              1,500        -              -            107,479        92,479             15,000            70             250            -                 1,000          -          (15.6)           218         
1-Jun-91 194           N 194                 (13.0)          (1.6)                    4.00              122             1,000            400           333               1,733         -               -                -             -           150              1,500        1,500          13.5          107,479        93,979             13,500            70             250            -                 1,000          -          (7.9)             223         
1-Jul-91 -            N -                 (14.9)          0.1                     5.60              138             333               333            1,500            333               333            (3.0)          150              1,500        1,500          13.5          107,812        95,479             12,333            70             250            -                 1,000          -          13.5            226         

1-Aug-91 -            N -                 (14.9)          0.1                     (0.80)             154             -            2,667            -                -             -           150              1,500        -              -            107,812        95,479             12,333            70             250            -                 1,000          -          10.5            232         
1-Sep-91 -            N -                 (14.9)          0.1                     5.60              153             400           333               733            2,667            733               733            (6.6)          150              1,500        -              -            108,545        95,479             13,067            70             250            -                 1,000          -          -              231         
1-Oct-91 -            N -                 (14.9)          0.1                     (1.00)             152             -            1,933            -                -             -           150              1,500        -              -            108,545        95,479             13,067            70             250            -                 1,000          -          (6.6)             237         
1-Nov-91 -            N -                 (14.9)          0.1                     (1.60)             151             -            1,933            -                -             -           150              500           -              -            108,545        95,479             13,067            70             250            -                 1,000          -          -              236         
1-Dec-91 -            N -                 (14.9)          0.1                     2.00              150             -            1,933            -                -             -           150              500           500             4.5            108,545        95,979             12,567            70             250            -                 1,000          -          -              234         
1-Jan-92 72             N 72                   (14.9)          (0.5)                    8.80              157             39% 0% -            2,433            -                -             -           150              500           -              -            108,545        95,979             12,567            70             250            -                 1,000          -          4.5              236         
1-Feb-92 1,753         N 1,753              (15.6)          (15.6)                  0.40              165             -            2,433            -                -             -           150              500           -              -            108,545        95,979             12,567            70             250            -                 1,000          -          -              245         
1-Mar-92 2,857         Y 2,857              (33.1)          (25.4)                  1.20              150             -          1,000            400           333               1,733         2,433            -                -             -           150              500           -              -            108,545        95,979             12,567            70             250            -                 1,000          -          -              229         
1-Apr-92 5,491         Y 5,491              (61.7)          (48.9)                  (3.00)             125             -          1,000            400           333               1,733         2,433            -                -             -           150              500           -              -            108,545        95,979             12,567            70             250            -                 1,000          -          -              205         

1-May-92 3,152         Y -                 (116.6)        1.0                     8.20              74              -          1,000            400           333               1,733         2,433            -                -             -           150              1,500        -              -            108,545        95,979             12,567            70             250            -                 1,000          -          -              153         
1-Jun-92 1,007         Y 1,007              (116.6)        (8.0)                    4.00              83              1,000            400           333               1,733         2,433            -                -             -           150              1,500        1,257          11.3          108,545        97,235             11,310            70             250            -                 1,000          -          -              134         
1-Jul-92 84             N 84                   (126.7)        0.4                     5.60              90              333               333            3,690            -                -             -           150              1,500        1,500          13.5          108,545        98,735             9,810             70             250            -                 1,000          -          11.3            131         

1-Aug-92 -            N -                 (127.5)        1.1                     (0.80)             110             -            5,190            -                -             -           150              1,500        1,500          13.5          108,545        100,235           8,310             70             250            -                 1,000          -          13.5            137         
1-Sep-92 -            N -                 (127.5)        1.1                     5.60              123             400           333               733            6,690            733               733            (6.6)          150              1,500        1,500          13.5          109,279        101,735           7,543             70             250            -                 1,000          -          13.5            137         
1-Oct-92 -            N -                 (127.5)        1.1                     (1.00)             137             -            7,457            -                -             -           150              1,500        1,500          13.5          109,279        103,235           6,043             70             250            -                 1,000          -          6.9              144         
1-Nov-92 -            N -                 (127.5)        1.1                     (1.60)             151             -            8,957            -                -             -           150              500           -              -            109,279        103,235           6,043             70             250            -                 1,000          -          13.5            145         
1-Dec-92 64             N 64                   (127.5)        0.6                     2.00              150             -            8,957            -                -             -           150              500           -              -            109,279        103,235           6,043             70             250            -                 1,000          -          -              145         
1-Jan-93 1,881         N 1,881              (128.1)        (15.8)                  8.80              153             87% 0% -            8,957            -                -             -           150              500           -              -            109,279        103,235           6,043             70             250            -                 1,000          -          -              148         
1-Feb-93 11,505       N 11,505            (146.9)        (102.2)                0.40              146             -            8,957            -                -             -           150              500           -              -            109,279        103,235           6,043             70             250            -                 1,000          -          -              141         
1-Mar-93 8,683         Y -                 (261.7)        2.4                     1.20              44              -          1,000            400           333               1,733         8,957            -                -             -           150              500           -              -            109,279        103,235           6,043             70             250            250                1,250          2             -              39           
1-Apr-93 2,044         Y -                 (257.5)        2.3                     (3.00)             50              -          1,000            400           333               1,733         8,957            -                -             -           150              500           -              -            109,279        103,235           6,043             70             250            250                1,500          2             2.3              43           

1-May-93 902           Y -                 (252.5)        2.3                     8.20              51              -          1,000            400           333               1,733         8,957            -                -             -           150              1,500        -              -            109,279        103,235           6,043             70             250            250                1,750          2             2.3              43           
1-Jun-93 1,371         Y 1,371              (249.1)        (10.1)                  4.00              64              1,000            400           333               1,733         8,957            -                -             -           150              1,500        604             5.4            109,279        103,840           5,439             70             250            250                2,000          2             2.3              54           
1-Jul-93 928           Y 928                 (260.9)        (6.0)                    5.60              66              333               333            9,561            -                -             -           150              1,500        1,500          13.5          109,279        105,340           3,939             70             250            250                2,250          2             7.7              60           

1-Aug-93 -            N -                 (270.1)        2.4                     (0.80)             81              -            11,061          -                -             -           150              1,500        1,500          13.5          109,279        106,840           2,439             70             250            -                 2,250          -          15.8            68           
1-Sep-93 -            N -                 (270.1)        2.4                     5.60              96              400           333               733            12,561          -                -             -           150              1,500        1,500          13.5          109,279        108,340           939                70             250            -                 2,250          -          13.5            70           
1-Oct-93 -            N -                 (270.1)        2.4                     (1.00)             118             -            14,061          -                -             -           150              1,500        939             8.5            109,279        109,279           -                 70             250            -                 2,250          -          13.5            78           
1-Nov-93 -            N -                 (270.1)        2.4                     (1.60)             128             -            15,000          -                -             -           150              500           -              -            109,279        109,279           -                 70             250            -                 2,250          -          8.5              80           
1-Dec-93 -            N -                 (270.1)        2.4                     2.00              128             -            15,000          -                -             -           150              500           -              -            109,279        109,279           -                 70             250            -                 2,250          -          -              80           
1-Jan-94 -            N -                 (270.1)        2.4                     8.80              133             48% 0% -            15,000          -                -             -           150              500           -              -            109,279        109,279           -                 70             250            -                 2,250          -          -              85           
1-Feb-94 -            N -                 (269.4)        2.4                     0.40              144             -            15,000          -                -             -           150              500           -              -            109,279        109,279           -                 70             250            -                 2,250          -          -              96           
1-Mar-94 -            N -                 (251.9)        2.3                     1.20              147             -          1,000            400           333               1,733         15,000          1,733            1,733         (15.6)        150              500           -              -            111,012        109,279           1,733             70             250            -                 2,250          -          -              99           
1-Apr-94 11             N 11                   (223.3)        1.9                     (3.00)             135             -          1,000            400           333               1,733         13,267          1,733            1,733         (15.6)        150              500           -              -            112,745        109,279           3,467             70             250            -                 2,250          -          (15.6)           103         

1-May-94 -            N -                 (168.5)        1.5                     8.20              118             -          1,000            400           333               1,733         11,533          1,733            1,733         (15.6)        150              1,500        -              -            114,479        109,279           5,200             70             250            -                 2,250          -          (15.6)           102         
1-Jun-94 -            N -                 (168.5)        1.5                     4.00              112             1,000            400           333               1,733         9,800            1,733            1,733         (15.6)        150              1,500        520             4.7            116,212        109,799           6,413             70             250            -                 2,250          -          (15.6)           111         
1-Jul-94 -            N -                 (158.4)        1.4                     5.60              107             333               333            8,587            333               333            (3.0)          150              1,500        1,500          13.5          116,545        111,299           5,247             70             250            -                 2,250          -          (10.9)           117         

1-Aug-94 -            N -                 (157.6)        1.4                     (0.80)             124             -            9,753            -                -             -           150              1,500        1,500          13.5          116,545        112,799           3,747             70             250            -                 2,250          -          10.5            124         
1-Sep-94 -            N -                 (157.6)        1.4                     5.60              138             400           333               733            11,253          733               733            (6.6)          150              1,500        1,500          13.5          117,279        114,299           2,980             70             250            -                 2,250          -          13.5            124         
1-Oct-94 -            N -                 (157.6)        1.4                     (1.00)             152             -            12,020          -                -             -           150              1,500        -              -            117,279        114,299           2,980             70             250            -                 2,250          -          6.9              131         
1-Nov-94 -            N -                 (157.6)        1.4                     (1.60)             153             -            12,020          -                -             -           150              500           -              -            117,279        114,299           2,980             70             250            -                 2,250          -          -              131         
1-Dec-94 -            N -                 (157.6)        1.4                     2.00              153             -            12,020          -                -             -           150              500           -              -            117,279        114,299           2,980             70             250            -                 2,250          -          -              131         
1-Jan-95 1,708         N 1,708              (157.0)        (14.0)                  8.80              156             7% 0% -            12,020          -                -             -           150              500           -              -            117,279        114,299           2,980             70             250            -                 2,250          -          -              134         
1-Feb-95 4,681         N 4,681              (155.2)        (40.7)                  0.40              151             -            12,020          -                -             -           150              500           -              -            117,279        114,299           2,980             70             250            -                 2,250          -          -              129         
1-Mar-95 12,791       N 12,791            (87.0)          (114.3)                1.20              111             -          1,000            400           333               1,733         12,020          1,733            1,733         (15.6)        150              500           -              -            119,012        114,299           4,713             70             250            -                 2,250          -          -              88           
1-Apr-95 564           Y -                 (214.9)        1.9                     (3.00)             35              -          1,000            400           333               1,733         10,287          -                -             -           150              500           -              -            119,012        114,299           4,713             70             250            250                2,500          2             (15.6)           90           

1-May-95 4,412         Y -                 (214.9)        1.9                     8.20              36              -          1,000            400           333               1,733         10,287          -                -             -           150              1,500        -              -            119,012        114,299           4,713             70             250            250                2,750          2             2.3              87           
1-Jun-95 1,507         Y -                 (214.9)        1.9                     4.00              49              1,000            400           333               1,733         10,287          -                -             -           150              1,500        471             4.2            119,012        114,770           4,242             70             250            250                3,000          2             2.3              56           
1-Jul-95 389           N -                 (201.2)        1.8                     5.60              61              333               333            10,758          -                -             -           150              1,500        1,414          12.7          119,012        116,184           2,828             70             250            250                3,250          2             6.5              61           

1-Aug-95 -            N -                 (191.9)        1.7                     (0.80)             83              -            12,172          -                -             -           150              1,500        1,414          12.7          119,012        117,598           1,414             70             250            -                 3,250          -          15.0            68           
1-Sep-95 -            N -                 (191.9)        1.7                     5.60              97              400           333               733            13,586          -                -             -           150              1,500        1,414          12.7          119,012        119,012           -                 70             250            -                 3,250          -          12.7            68           
1-Oct-95 -            N -                 (191.9)        1.7                     (1.00)             117             -            15,000          -                -             -           150              1,500        -              -            119,012        119,012           -                 70             250            -                 3,250          -          12.7            75           
1-Nov-95 -            N -                 (191.9)        1.7                     (1.60)             118             -            15,000          -                -             -           150              500           -              -            119,012        119,012           -                 70             250            -                 3,250          -          -              75           
1-Dec-95 -            N -                 (191.9)        1.7                     2.00              118             -            15,000          -                -             -           150              500           -              -            119,012        119,012           -                 70             250            -                 3,250          -          -              74           
1-Jan-96 214           N 214                 (191.9)        (0.2)                    8.80              122             8% 0% -            15,000          -                -             -           150              500           -              -            119,012        119,012           -                 70             250            -                 3,250          -          -              77           
1-Feb-96 1,087         N 1,087              (194.0)        (8.0)                    0.40              130             -            15,000          -                -             -           150              500           -              -            119,012        119,012           -                 70             250            -                 3,250          -          -              85           
1-Mar-96 1,495         N 1,495              (204.9)        (11.6)                  1.20              123             -          1,000            400           333               1,733         15,000          1,733            1,733         (15.6)        150              500           -              -            120,745        119,012           1,733             70             250            -                 3,250          -          -              76           
1-Apr-96 592           N 592                 (219.9)        (3.4)                    (3.00)             97              -          1,000            400           333               1,733         13,267          -                -             -           150              500           -              -            120,745        119,012           1,733             70             250            -                 3,250          -          (15.6)           65           

1-May-96 543           N 543                 (225.7)        (2.9)                    8.20              90              -          1,000            400           333               1,733         13,267          -                -             -           150              1,500        -              -            120,745        119,012           1,733             70             250            -                 3,250          -          -              58           
1-Jun-96 234           N 234                 (231.1)        (0.0)                    4.00              96              1,000            400           333               1,733         13,267          -                -             -           150              1,500        173             1.6            120,745        119,185           1,560             70             250            -                 3,250          -          -              63           
1-Jul-96 76             N 76                   (233.4)        1.4                     5.60              101             333               333            13,440          333               333            (3.0)          150              1,500        520             4.7            121,079        119,705           1,373             70             250            -                 3,250          -          1.6              66           

1-Aug-96 -            N -                 (234.2)        2.1                     (0.80)             110             -            13,627          -                -             -           150              1,500        687             6.2            121,079        120,392           687                70             250            -                 3,250          -          1.7              72           
1-Sep-96 0               N 0                    (234.2)        2.1                     5.60              117             400           333               733            14,313          733               733            (6.6)          150              1,500        687             6.2            121,812        121,079           733                70             250            -                 3,250          -          6.2              73           
1-Oct-96 0               N 0                    (234.2)        2.1                     (1.00)             125             -            14,267          -                -             -           150              1,500        733             6.6            121,812        121,812           -                 70             250            -                 3,250          -          (0.4)             80           
1-Nov-96 2               N 2                    (234.2)        2.1                     (1.60)             132             -            15,000          -                -             -           150              500           -              -            121,812        121,812           -                 70             250            -                 3,250          -          6.6              80           
1-Dec-96 4               N 4                    (234.2)        2.1                     2.00              133             -            15,000          -                -             -           150              500           -              -            121,812        121,812           -                 70             250            -                 3,250          -          -              80           
1-Jan-97 60             N 60                   (234.3)        1.6                     8.80              137             70% 0% -            15,000          -                -             -           150              500           -              -            121,812        121,812           -                 70             250            -                 3,250          -          -              83           
1-Feb-97 304           N 304                 (217.8)        (0.8)                    0.40              147             -            15,000          -                -             -           150              500           -              -            121,812        121,812           -                 70             250            -                 3,250          -          -              93           
1-Mar-97 418           N 418                 (174.0)        (2.2)                    1.20              147             -          1,000            400           333               1,733         15,000          1,733            1,733         (15.6)        150              500           -              -            123,545        121,812           1,733             70             250            -                 3,250          -          -              92           
1-Apr-97 166           N 166                 (50.3)          (1.0)                    (3.00)             130             -          1,000            400           333               1,733         13,267          1,733            1,733         (15.6)        150              500           -              -            125,279        121,812           3,467             70             250            -                 3,250          -          (15.6)           90           

1-May-97 152           N 152                 (52.0)          (0.9)                    8.20              111             -          1,000            400           333               1,733         11,533          1,733            1,733         (15.6)        150              1,500        -              -            127,012        121,812           5,200             70             250            -                 3,250          -          (15.6)           86           
1-Jun-97 65             N 65                   (53.5)          (0.1)                    4.00              102             1,000            400           333               1,733         9,800            1,733            1,733         (15.6)        150              1,500        520             4.7            128,745        122,332           6,413             70             250            -                 3,250          -          (15.6)           94           
1-Jul-97 21             N 21                   (54.1)          0.3                     5.60              95              333               333            8,587            -                -             -           150              1,500        1,500          13.5          128,745        123,832           4,913             70             250            -                 3,250          -          (10.9)           98           

1-Aug-97 -            N -                 (54.3)          0.5                     (0.80)             115             -            10,087          -                -             -           150              1,500        1,500          13.5          128,745        125,332           3,413             70             250            -                 3,250          -          13.5            104         
1-Sep-97 0               N 0                    (54.3)          0.5                     5.60              128             400           333               733            11,587          733               733            (6.6)          150              1,500        1,500          13.5          129,479        126,832           2,647             70             250            -                 3,250          -          13.5            103         
1-Oct-97 4               N 4                    (54.3)          0.5                     (1.00)             141             -            12,353          -                -             -           150              1,500        1,500          13.5          129,479        128,332           1,147             70             250            -                 3,250          -          6.9              110         
1-Nov-97 51             N 51                   (54.4)          0.0                     (1.60)             154             -            13,853          -                -             -           150              500           -              -            129,479        128,332           1,147             70             250            -                 3,250          -          13.5            109         
1-Dec-97 82             N 82                   (54.9)          (0.2)                    2.00              152             -            13,853          -                -             -           150              500           -              -            129,479        128,332           1,147             70             250            -                 3,250          -          -              107         
1-Jan-98 1,221         N 1,221              (55.7)          (10.5)                  8.80              154             61% 0% -            13,853          -                -             -           150              500           -              -            129,479        128,332           1,147             70             250            -                 3,250          -          -              109         
1-Feb-98 6,208         N 6,208              (65.8)          (55.3)                  0.40              152             -            13,853          -                -             -           150              500           -              -            129,479        128,332           1,147             70             250            -                 3,250          -          -              107         
1-Mar-98 8,540         N -                 (117.0)        1.1                     1.20              97              -          1,000            400           333               1,733         13,853          -                -             -           150              500           -              -            129,479        128,332           1,147             70             250            -                 3,250          -          -              53           
1-Apr-98 3,383         Y -                 (102.0)        0.9                     (3.00)             100             -          1,000            400           333               1,733         13,853          -                -             -           150              500           -              -            129,479        128,332           1,147             70             250            -                 3,250          -          -              55           

1-May-98 3,101         Y 3,101              (96.1)          (27.0)                  8.20              98              -          1,000            400           333               1,733         13,853          -                -             -           150              1,500        -              -            129,479        128,332           1,147             70             250            -                 3,250          -          -              53           
1-Jun-98 1,337         Y 1,337              (121.7)        (10.9)                  4.00              79              1,000            400           333               1,733         13,853          -                -             -           150              1,500        115             1.0            129,479        128,447           1,032             70             250            -                 3,250          -          -              62           
1-Jul-98 435           N 435                 (132.7)        (2.7)                    5.60              73              333               333            13,968          -                -             -           150              1,500        344             3.1            129,479        128,791           688                70             250            -                 3,250          -          1.0              67           

1-Aug-98 -            N -                 (136.3)        1.2                     (0.80)             79              -            14,312          -                -             -           150              1,500        344             3.1            129,479        129,135           344                70             250            -                 3,250          -          3.1              69           
1-Sep-98 3               N 3                    (136.3)        1.2                     5.60              82              400           333               733            14,656          -                -             -           150              1,500        344             3.1            129,479        129,479           -                 70             250            -                 3,250          -          3.1              69           
1-Oct-98 0               N 0                    (136.3)        1.2                     (1.00)             92              -            15,000          -                -             -           150              1,500        -              -            129,479        129,479           -                 70             250            -                 3,250          -          3.1              76           
1-Nov-98 0               N 0                    (136.3)        1.2                     (1.60)             93              -            15,000          -                -             -           150              500           -              -            129,479        129,479           -                 70             250            -                 3,250          -          -              75           
1-Dec-98 0               N 0                    (136.3)        1.2                     2.00              92              -            15,000          -                -             -           150              500           -              -            129,479        129,479           -                 70             250            -                 3,250          -          -              75           
1-Jan-99 2               N 2                    (136.3)        1.2                     8.80              95              63% 0% -            15,000          -                -             -           150              500           -              -            129,479        129,479           -                 70             250            -                 3,250          -          -              77           
1-Feb-99 10             N 10                   (135.7)        1.1                     0.40              105             -            15,000          -                -             -           150              500           -              -            129,479        129,479           -                 70             250            -                 3,250          -          -              87           
1-Mar-99 14             N 14                   (132.8)        1.1                     1.20              107             -          1,000            400           333               1,733         15,000          1,733            1,733         (15.6)        150              500           -              -            131,212        129,479           1,733             70             250            -                 3,250          -          -              88           
1-Apr-99 6               N 6                    (128.7)        1.1                     (3.00)             94              -          1,000            400           333               1,733         13,267          -                -             -           150              500           -              -            131,212        129,479           1,733             70             250            -                 3,250          -          (15.6)           90           

1-May-99 5               N 5                    (127.1)        1.1                     8.20              92              -          1,000            400           333               1,733         13,267          -                -             -           150              1,500        -              -            131,212        129,479           1,733             70             250            -                 3,250          -          -              88           
1-Jun-99 2               N 2                    (125.6)        1.1                     4.00              101             1,000            400           333               1,733         13,267          1,733            1,733         (15.6)        150              1,500        173             1.6            132,945        129,652           3,293             70             250            -                 3,250          -          -              97           
1-Jul-99 1               N 1                    (125.0)        1.1                     5.60              92              333               333            11,707          -                -             -           150              1,500        1,098          9.9            132,945        130,750           2,196             70             250            -                 3,250          -          (14.0)           101         

1-Aug-99 -            N -                 (124.8)        1.1                     (0.80)             109             -            12,804          -                -             -           150              1,500        1,098          9.9            132,945        131,848           1,098             70             250            -                 3,250          -          9.9              108         
1-Sep-99 0               N 0                    (124.8)        1.1                     5.60              119             400           333               733            13,902          733               733            (6.6)          150              1,500        1,098          9.9            133,679        132,945           733                70             250            -                 3,250          -          9.9              108         
1-Oct-99 0               N 0                    (124.8)        1.1                     (1.00)             129             -            14,267          -                -             -           150              1,500        733             6.6            133,679        133,679           -                 70             250            -                 3,250          -          3.3              114         
1-Nov-99 0               N 0                    (124.8)        1.1                     (1.60)             136             -            15,000          -                -             -           150              500           -              -            133,679        133,679           -                 70             250            -                 3,250          -          6.6              114         
1-Dec-99 0               N 0                    (124.3)        1.1                     2.00              135             -            15,000          -                -             -           150              500           -              -            133,679        133,679           -                 70             250            -                 3,250          -          -              113         

Snauble/Zoraster
3/15/2005 10:24 AM 4 0f 5
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Prepared by Bookman-Edmonston



Appendix E (part)
Imported Water Spreading at San Antonio Spreading Grounds

Example of Project Operations

90% 80% 60% 40%

-          4,000            6,000        8,000             Stored  Recovered 

af af af ft ft af af af af af  af  af  af  ft bgs  ft bgs  af  ft bgs  af  af  af  ft bgs  af  af  af ft bgs  ft bgs ft bgs

1-Jan-73 339           N 339                 -             (3.0)                    8.80              163             72% 0% -            15,000          -                -             110              500           -              -            -               -                  -                 70             250            -                 -              -          163         
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extract 
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Model based on Historic Recharge & Groundwater Levels and adding in impact of Imported Water
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exceeded

Imported Water Spreading

Available 
capacity 
based on 

Project Goals 
(1st of month)

Availability of 
Imported Water 

(use prior 
column or other 

method)

WSL on first 
w/project

Random 
Number 

(resets with 
each 

calculation

Historic 
Spreading 
of Native 

Water

Limit recharge 
based on WSL

1% of 
arrived 

water leaves 
each month 

for 24 
months

Change in water 
level during 

month due to 
spreading

Change in 
depth during 
month due to 

"normal 
pumping" 
(1999-03 

 Native 
Water 

Extraction 
Trigger  

Water 
available 

this month

 Imported 
Water 
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1-Jan-00 4               N 4                    (123.4)        1.1                     8.80              138             59% 0% -            15,000          -                -             -           150              500           -              -            133,679        133,679           -                 70             250            -                 3,250          -          -              116         
1-Feb-00 21             N 21                   (111.3)        0.8                     0.40              148             -            15,000          -                -             -           150              500           -              -            133,679        133,679           -                 70             250            -                 3,250          -          -              125         
1-Mar-00 30             N 30                   (49.4)          0.2                     1.20              149             -          1,000            400           333               1,733         15,000          1,733            1,733         (15.6)        150              500           -              -            135,412        133,679           1,733             70             250            -                 3,250          -          -              126         
1-Apr-00 12             N 12                   (49.7)          0.3                     (3.00)             135             -          1,000            400           333               1,733         13,267          1,733            1,733         (15.6)        150              500           -              -            137,145        133,679           3,467             70             250            -                 3,250          -          (15.6)           127         

1-May-00 11             N 11                   (49.8)          0.4                     8.20              117             -          1,000            400           333               1,733         11,533          1,733            1,733         (15.6)        150              1,500        -              -            138,879        133,679           5,200             70             250            -                 3,250          -          (15.6)           124         
1-Jun-00 5               N 5                    (18.9)          0.1                     4.00              110             1,000            400           333               1,733         9,800            1,733            1,733         (15.6)        150              1,500        520             4.7            140,612        134,199           6,413             70             250            -                 3,250          -          (15.6)           132         
1-Jul-00 2               N 2                    (5.6)            0.0                     5.60              103             333               333            8,587            333               333            (3.0)          150              1,500        1,500          13.5          140,945        135,699           5,247             70             250            -                 3,250          -          (10.9)           136         

1-Aug-00 -            N -                 (1.3)            0.0                     (0.80)             119             -            9,753            -                -             -           150              1,500        1,500          13.5          140,945        137,199           3,747             70             250            -                 3,250          -          10.5            142         
1-Sep-00 0               N 0                    (1.3)            0.0                     5.60              132             400           333               733            11,253          733               733            (6.6)          150              1,500        1,500          13.5          141,679        138,699           2,980             70             250            -                 3,250          -          13.5            141         
1-Oct-00 0               N 0                    (1.2)            0.0                     (1.00)             144             -            12,020          -                -             -           150              1,500        1,500          13.5          141,679        140,199           1,480             70             250            -                 3,250          -          6.9              146         
1-Nov-00 1               N 1                    (1.2)            0.0                     (1.60)             157             -            13,520          -                -             -           150              500           -              -            141,679        140,199           1,480             70             250            -                 3,250          -          13.5            145         
1-Dec-00 2               N 2                    (1.2)            (0.0)                    2.00              155             -            13,520          -                -             -           150              500           -              -            141,679        140,199           1,480             70             250            -                 3,250          -          -              144         
1-Jan-01 114           N 114                 (1.3)            (1.0)                    8.80              157             33% 0% -            13,520          -                -             -           150              500           -              -            141,679        140,199           1,480             70             250            -                 3,250          -          -              146         
1-Feb-01 4               N 4                    (2.4)            (0.0)                    0.40              165             -            13,520          -                -             -           150              500           -              -            141,679        140,199           1,480             70             250            -                 3,250          -          -              154         
1-Mar-01 18             N 18                   (2.3)            (0.1)                    1.20              165             -          1,000            400           333               1,733         13,520          1,733            1,733         (15.6)        150              500           -              -            143,412        140,199           3,213             70             250            -                 3,250          -          -              154         
1-Apr-01 90             N 90                   (2.4)            (0.8)                    (3.00)             151             -          1,000            400           333               1,733         11,787          1,733            1,733         (15.6)        150              500           -              -            145,145        140,199           4,947             70             250            -                 3,250          -          (15.6)           155         

1-May-01 146           N 146                 (3.2)            (1.3)                    8.20              132             -          1,000            400           333               1,733         10,053          1,733            1,733         (15.6)        150              1,500        -              -            146,879        140,199           6,680             70             250            -                 3,250          -          (15.6)           151         
1-Jun-01 57             N 57                   (4.6)            (0.5)                    4.00              123             1,000            400           333               1,733         8,320            1,733            1,733         (15.6)        150              1,500        668             6.0            148,612        140,867           7,745             70             250            -                 3,250          -          (15.6)           158         
1-Jul-01 -            N -                 (5.2)            0.0                     5.60              117             333               333            7,255            333               333            (3.0)          150              1,500        1,500          13.5          148,945        142,367           6,579             70             250            -                 3,250          -          (9.6)             162         

1-Aug-01 -            N -                 (5.1)            0.0                     (0.80)             133             -            8,421            -                -             -           150              1,500        1,500          13.5          148,945        143,867           5,079             70             250            -                 3,250          -          10.5            167         
1-Sep-01 -            N -                 (5.1)            0.0                     5.60              146             400           333               733            9,921            733               733            (6.6)          150              1,500        1,500          13.5          149,679        145,367           4,312             70             250            -                 3,250          -          13.5            167         
1-Oct-01 -            N -                 (5.1)            0.0                     (1.00)             158             -            10,688          -                -             -           150              1,500        -              -            149,679        145,367           4,312             70             250            -                 3,250          -          6.9              172         
1-Nov-01 -            N -                 (5.1)            0.0                     (1.60)             157             -            10,688          -                -             -           150              500           -              -            149,679        145,367           4,312             70             250            -                 3,250          -          -              171         
1-Dec-01 -            N -                 (5.1)            0.0                     2.00              156             -            10,688          -                -             -           150              500           -              -            149,679        145,367           4,312             70             250            -                 3,250          -          -              170         
1-Jan-02 -            N -                 (5.1)            0.0                     8.80              158             21% 0% -            10,688          -                -             -           150              500           -              -            149,679        145,367           4,312             70             250            -                 3,250          -          -              172         
1-Feb-02 -            N -                 (5.1)            0.0                     0.40              167             -            10,688          -                -             -           150              500           -              -            149,679        145,367           4,312             70             250            -                 3,250          -          -              181         
1-Mar-02 -            N -                 (4.9)            0.0                     1.20              167             -          1,000            400           333               1,733         10,688          1,733            1,733         (15.6)        150              500           -              -            151,412        145,367           6,045             70             250            -                 3,250          -          -              181         
1-Apr-02 -            N -                 (4.6)            0.0                     (3.00)             153             -          1,000            400           333               1,733         8,955            1,733            1,733         (15.6)        150              500           -              -            153,145        145,367           7,779             70             250            -                 3,250          -          (15.6)           182         

1-May-02 -            N -                 (4.5)            0.0                     8.20              134             -          1,000            400           333               1,733         7,221            1,733            1,733         (15.6)        150              1,500        -              -            154,879        145,367           9,512             70             250            -                 3,250          -          (15.6)           179         
1-Jun-02 -            N -                 (4.4)            0.0                     4.00              127             1,000            400           333               1,733         5,488            1,733            1,733         (15.6)        150              1,500        951             8.6            156,612        146,318           10,294            70             250            -                 3,250          -          (15.6)           188         
1-Jul-02 -            N -                 (4.3)            0.0                     5.60              124             333               333            4,706            333               333            (3.0)          150              1,500        1,500          13.5          156,945        147,818           9,127             70             250            -                 3,250          -          (7.0)             192         

1-Aug-02 -            N -                 (4.3)            0.0                     (0.80)             140             -            5,873            -                -             -           150              1,500        1,500          13.5          156,945        149,318           7,627             70             250            -                 3,250          -          10.5            197         
1-Sep-02 -            N -                 (4.3)            0.0                     5.60              153             400           333               733            7,373            733               733            (6.6)          150              1,500        -              -            157,679        149,318           8,361             70             250            -                 3,250          -          13.5            196         
1-Oct-02 -            N -                 (4.3)            0.0                     (1.00)             152             -            6,639            -                -             -           150              1,500        -              -            157,679        149,318           8,361             70             250            -                 3,250          -          (6.6)             202         
1-Nov-02 -            N -                 (4.3)            0.0                     (1.60)             151             -            6,639            -                -             -           150              500           -              -            157,679        149,318           8,361             70             250            -                 3,250          -          -              201         
1-Dec-02 -            N -                 (4.3)            0.0                     2.00              149             -            6,639            -                -             -           150              500           500             4.5            157,679        149,818           7,861             70             250            -                 3,250          -          -              200         
1-Jan-03 27             N 27                   (4.3)            (0.2)                    8.80              156             10% 0% -            7,139            -                -             -           150              500           -              -            157,679        149,818           7,861             70             250            -                 3,250          -          4.5              202         
1-Feb-03 41             N 41                   (3.4)            (0.3)                    0.40              164             -            7,139            -                -             -           150              500           -              -            157,679        149,818           7,861             70             250            -                 3,250          -          -              210         
1-Mar-03 152           N 152                 (3.8)            (1.3)                    1.20              164             -          1,000            400           333               1,733         7,139            1,733            1,733         (15.6)        150              500           -              -            159,412        149,818           9,594             70             250            -                 3,250          -          -              210         
1-Apr-03 129           N 129                 (5.1)            (1.1)                    (3.00)             149             -          1,000            400           333               1,733         5,406            1,733            1,733         (15.6)        150              500           -              -            161,145        149,818           11,327            70             250            -                 3,250          -          (15.6)           210         

1-May-03 -            N -                 (5.5)            0.0                     8.20              129             -          1,000            400           333               1,733         3,673            1,733            1,733         (15.6)        150              1,500        -              -            162,879        149,818           13,061            70             250            -                 3,250          -          (15.6)           206         
1-Jun-03 98             N 98                   (4.1)            (0.8)                    4.00              122             1,000            400           333               1,733         1,939            1,733            1,733         (15.6)        150              1,500        1,306          11.8          164,612        151,124           13,488            70             250            -                 3,250          -          (15.6)           214         
1-Jul-03 -            N -                 (4.5)            0.0                     5.60              121             333               333            1,512            333               333            (3.0)          150              1,500        1,500          13.5          164,945        152,624           12,321            70             250            -                 3,250          -          (3.8)             217         

1-Aug-03 -            N -                 (4.5)            0.0                     (0.80)             137             -            2,679            -                -             -           150              1,500        1,500          13.5          164,945        154,124           10,821            70             250            -                 3,250          -          10.5            223         
1-Sep-03 -            N -                 (4.5)            0.0                     5.60              150             400           333               733            4,179            733               733            (6.6)          150              1,500        1,500          13.5          165,679        155,624           10,055            70             250            -                 3,250          -          13.5            222         
1-Oct-03 -            N -                 (4.5)            0.0                     (1.00)             162             -            4,945            -                -             -           150              1,500        -              -            165,679        155,624           10,055            70             250            -                 3,250          -          6.9              228         
1-Nov-03 -            N -                 (4.5)            0.0                     (1.60)             161             -            4,945            -                -             -           150              500           -              -            165,679        155,624           10,055            70             250            -                 3,250          -          -              227         
1-Dec-03 -            N -                 (4.5)            0.0                     2.00              160             -            4,945            -                -             -           150              500           -              -            165,679        155,624           10,055            70             250            -                 3,250          -          -              225         

215,773     133,501          129             (1,491.1)    1,400.6     135         
133,501     
82,272       

Note:
Without Imported Water Project there is 64,776 af of native water that I show not affecting water level at Mountain View 4.

Snauble/Zoraster
3/15/2005 10:24 AM 5 0f 5

Three Valleys Municipal Water District
Prepared by Bookman-Edmonston
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ID Task Name Duration Start Finish

1 Feasibility Study 370 days Thu 1/1/04 Tue 5/31/05
2 Institutional Coordination 100 days Fri 4/1/05 Thu 8/18/05
3 PVPA agreement for construction/op 100 days Fri 4/1/05 Thu 8/18/05
4 Metropolitan storage funding agreem 0 days Fri 7/29/05 Fri 7/29/05
5 Environmental\CEQA 105 days Sat 2/5/05 Thu 6/30/05
6 Kick-off, NOP & IS, sample EIR sect 8 days Sat 2/5/05 Tue 2/15/05
7 IS/NOP to District 1 day Wed 2/16/05 Wed 2/16/05
8 IS/NOP to EIR w/District Comments 3 days Thu 2/17/05 Mon 2/21/05
9 Circulate IS/NOP 4 days Tue 2/22/05 Fri 2/25/05

10 Public Review  of IS/NOP, Prepare A 21 days Mon 2/28/05 Mon 3/28/05
11 Submit Admin Draft EIR 5 days Tue 3/29/05 Mon 4/4/05
12 District Comments on ADEIR 5 days Tue 4/5/05 Mon 4/11/05
13 Draft EIR Released for review 4 days Tue 4/12/05 Fri 4/15/05
14 Public Review (45 days) 31 days Mon 4/18/05 Mon 5/30/05
15 Admin FEIR to District for Review 9 days Tue 5/31/05 Fri 6/10/05
16 District Review of AFEIR 3 days Mon 6/13/05 Wed 6/15/05
17 Final EIR packet to District 7 days Thu 6/16/05 Fri 6/24/05
18 Certification Hearing 4 days Mon 6/27/05 Thu 6/30/05
19 RFP Process - Spreading Connection 40 days Fri 7/1/05 Thu 8/25/05
20 RFP Process - Production Well 40 days Fri 7/1/05 Thu 8/25/05
21 MWD review of budget and schedule 25 days Fri 8/26/05 Thu 9/29/05
22 DWSAP Program 80 days Fri 7/1/05 Thu 10/20/05
23 Preparation 40 days Fri 7/1/05 Thu 8/25/05
24 DHS Review 80 days Fri 7/1/05 Thu 10/20/05
25 Imported Water Connection Design 340 days Fri 7/1/05 Thu 10/19/06
26 60 percent bid documents 85 days Fri 7/1/05 Thu 10/27/05
27 Survey 20 days Fri 9/30/05 Thu 10/27/05
28 Design 60 days Fri 7/1/05 Thu 9/22/05
29 Review by Three Valleys 10 days Fri 9/23/05 Thu 10/6/05
30 Review by PVPA 10 days Fri 10/7/05 Thu 10/20/05
31 Coordination with Claremont 10 days Fri 10/7/05 Thu 10/20/05
32 Coordination with Upland 10 days Fri 10/7/05 Thu 10/20/05
33 100 percent bid documents 50 days Fri 3/10/06 Thu 5/18/06
34 Design 40 days Fri 3/10/06 Thu 5/4/06
35 Review by Three Valleys 10 days Fri 5/5/06 Thu 5/18/06
36 Review by PVPA 10 days Fri 5/5/06 Thu 5/18/06
37 LACDPW (Corps) permit review 80 days Fri 5/19/06 Thu 9/7/06
38 Additional permitting/legal requireme 100 days Fri 5/19/06 Thu 10/5/06
39 Final bid documents 10 days Fri 10/6/06 Thu 10/19/06
40 Production Well Design 195 days Fri 9/30/05 Thu 6/29/06
41 Prepare Specifications and Bid Docu 60 days Fri 9/30/05 Thu 12/22/05
42 Review by Three Valleys 15 days Fri 12/23/05 Thu 1/12/06
43 Coordination with Claremont 10 days Fri 1/13/06 Thu 1/26/06
44 Permitting by County DHS 20 days Fri 1/13/06 Thu 2/9/06
45 Additional permitting requirements 120 days Fri 1/13/06 Thu 6/29/06
46 Environmental Mitigation 580 days Fri 8/12/05 Thu 11/1/07
47 Not construction dependent 190 days Fri 8/12/05 Thu 5/4/06
48 Surveys, not construction depen 50 days Fri 8/12/05 Thu 10/20/05
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ID Task Name Duration Start Finish

49 Develop mitigation measures 1 60 days Fri 10/21/05 Thu 1/12/06

50 Approval of mitigations measure 40 days Fri 1/13/06 Thu 3/9/06

51 Implementation of mitigation mea 40 days Fri 3/10/06 Thu 5/4/06

52 Construction dependent 160 days Fri 3/23/07 Thu 11/1/07
53 Surveys, construction depended 60 days Fri 3/23/07 Thu 6/14/07

54 Develop mitigation measures 2 60 days Fri 6/15/07 Thu 9/6/07

55 Approval of mitigation measures 40 days Fri 9/7/07 Thu 11/1/07

56 Imported Connection Construction 315 days Fri 11/17/06 Thu 1/31/08
57 Advertising period 30 days Fri 11/17/06 Thu 12/28/06

58 Contractor selection 15 days Fri 12/29/06 Thu 1/18/07

59 Board appoval 20 days Fri 1/19/07 Thu 2/15/07

60 Notice to proceed 5 days Fri 2/16/07 Thu 2/22/07

61 Mobilization 30 days Fri 2/23/07 Thu 4/5/07

62 Submittals 20 days Fri 2/23/07 Thu 3/22/07

63 Material deliveries 40 days Fri 4/13/07 Thu 6/7/07

64 Diversion structure 40 days Fri 6/8/07 Thu 8/2/07

65 Pipeline installation 60 days Fri 8/3/07 Thu 10/25/07

66 Outlet structures 60 days Fri 6/8/07 Thu 8/30/07

67 Revegitation 15 days Fri 10/26/07 Thu 11/15/07

68 Other biological mitigation 40 days Fri 10/26/07 Thu 12/20/07

69 Project closeout 30 days Fri 12/21/07 Thu 1/31/08

70 Imported Connection CM 330 days Fri 10/20/06 Thu 1/24/08
71 Construction bid review 10 days Fri 10/20/06 Thu 11/2/06

72 Submittal review 15 days Fri 3/23/07 Thu 4/12/07

73 Inspection of engineering constructio 160 days Fri 5/11/07 Thu 12/20/07

74 Inpection of biological mitigation 160 days Fri 5/11/07 Thu 12/20/07

75 RFPS, review invoices, etc 240 days Fri 2/23/07 Thu 1/24/08

76 Operating committee & initial operatin 100 days Fri 5/25/07 Thu 10/11/07

77 Production Well Construction 220 days Fri 7/28/06 Thu 5/31/07
78 Advertising period 40 days Fri 7/28/06 Thu 9/21/06

79 Contractor selection 15 days Fri 9/22/06 Thu 10/12/06

80 Board appoval 20 days Fri 10/13/06 Thu 11/9/06

81 Notice to proceed 5 days Fri 11/10/06 Thu 11/16/06

82 Mobilization 10 days Fri 11/17/06 Thu 11/30/06

83 Submittals 10 days Fri 11/17/06 Thu 11/30/06

84 Well drilling, casing installation, testi 30 days Fri 12/1/06 Thu 1/11/07

85 Pump & motor installation, electrical 60 days Fri 1/12/07 Thu 4/5/07

86 Project close out 40 days Fri 4/6/07 Thu 5/31/07

87 Production Well CM 185 days Fri 8/18/06 Thu 5/3/07
88 Pre-bid Tour 1 day Fri 8/18/06 Fri 8/18/06

89 Construction bid review 2 days Fri 9/22/06 Mon 9/25/06

90 Submittal review 15 days Fri 12/1/06 Thu 12/21/06

91 Inspection of drilling 30 days Fri 12/1/06 Thu 1/11/07

92 Inpection of mechanical/electrical 60 days Fri 1/12/07 Thu 4/5/07

93 Review invoices 120 days Fri 11/17/06 Thu 5/3/07

94 Project completion 0 days Thu 1/31/08 Thu 1/31/08

95 Funding Deadline for Imported Conne 0 days Fri 3/7/08 Fri 3/7/08
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Chapter IV – Groundwater Basin Reports 
San Gabriel Valley Basins – Six Basins 

FINAL IV-9-1 September 2007 

The Six Basins are located in the eastern Los Angeles County and western San Bernardino 
County, bounded on the southwest by the San Jose Hills, on the north by the San Gabriel 
Mountains, on the south and east by the Chino Basin and on the west by the Main San Gabriel 
Basin.  The Six Basins are comprised of the Canyon, Upper and Lower Claremont Heights, 
Pomona, Live Oak, and Ganesha Basins.  They underlie the service areas of Three Valleys 
Municipal Water District (Three Valleys) and Inland Empire Utilities Agency (IEUA).  These 
Six Basins underlie the cities of Claremont, La Verne, Pomona and northern Upland.  A map of 
the basin is provided in Figure 9-1. 

Figure 9-1 
Map of the Six Basins 

  



Chapter IV – Groundwater Basin Reports 
San Gabriel Valley Basins 

September 2007 IV-9-2 FINAL 

BASIN CHARACTERIZATION 

The following section describes the physical properties of the Six Basins, including its 
hydrogeologic characteristics and analysis of inflows and outflows. 

Basin Producing Zones and Storage Capacity 

Individual subbasins within the Six Basins are defined by faults and physical boundaries.  The 
Indian Hills fault separates the Live Oak, Upper and Lower Claremont Heights, and Canyon 
basins (herein referred to as upper basins) to the north from the Pomona and Ganesha Basins 
(herein referred to as lower basins) to the south (Three Valleys, 2004).  The Canyon Basin is 
separated from the other basins by the Sierra Madre-Cucamonga fault.  The Ganesha and 
Pomona Basins are separated by the San Antonio fault.  These faults do not appear to be barriers 
to flow.  The San Jose fault separates the Six Basins from the Chino Basin.  This boundary is not 
a complete barrier to flow and groundwater appears to flow at least to some extent between the 
basins. 

Table 9-1 summarizes the hydrogeologic characteristics of the Six Basins.  Studies are currently 
underway to reevaluate the basin geology.  Changes to the basin structure as part of these studies 
were not available at the time of this report.  In addition, limited data are available for the 
Ganesha and Live Oak Basins so data are provided for the four basins:  Canyon, 
Upper Claremont Heights, Lower Claremont Heights and Pomona Basins (herein referred to as 
Four Basins Area).  A geologic cross section through the Six Basins area from north to south is 
provided in Figure 9-2.  Maximum basin depths range from about 200 feet in Canyon Basin to 
about 1,200 feet in the Pomona Basin.  As shown in Figure 9-2, bedrock is offset by faulting, 
thereby increasing the basin depth toward the south. 

Groundwater in Six Basins occurs under both unconfined and confined conditions.  In the upper 
basins where material is generally coarser and mostly younger alluvium, the groundwater is 
unconfined.  In the lower basins, fine-grained silts and clays overlie more permeable materials 
and groundwater can be confined.  For example, the Pomona Basin consists of at least two 
aquifers.  Most of the production from the Pomona Basin is from the underlying confined 
aquifers.  Issues related to rising groundwater occur in the upper unconfined aquifer in the 
Pomona Basin.  These issues are discussed in more detail below. 

Total storage estimates range from about 15,000 AF of storage in the Canyon Basin to more than 
200,000 AF of storage in the Pomona Basin.  Total storage in the Four Basins Area is estimated 
to be about 335,000 AF (Three Valleys, 2004).  Available storage space is estimated to be 
approximately 20,000 AF in 2005/06 (Three Valleys, 2006).  Groundwater in storage in the 
upper basins has decreased from a high of about 74,500 AF in 1999 to about 65,200 AF in early 
2004, a decrease of about 9,300 AF.  Groundwater in storage increased by over 20,000 AF as a 
result of the near record rainfall in 2005. 



Chapter IV – Groundwater Basin Reports 
Six Basins 

FINAL IV-9-3 September 2007 

Safe Yield/Long-Term Balance of Recharge and Discharge 

Water supply to Six Basins is greatly affected by precipitation in the area and in the watershed of 
San Antonio Canyon.  Figure 9-3 shows the historical annual average rainfall in the Six Basins 
area measured at San Antonio Dam. (Six Basins, 2005)  The historical annual rainfall average for 
the period between 1985 and 2004 at this location is approximately 23.5 inches.  The long-term 
precipitation averages range from about 40 inches in the upper reaches of San Antonio Canyon 
to 24 inches at the mouth of the canyon, and 17 inches at the southerly edge of the Pomona 
Basin. Much of the precipitation in the higher elevation falls as snow with the beneficial effect of 
delayed runoff.  This creates a base flow of surface water, which is available for direct diversion 
or for surface spreading. (Six Basins, 2005) 

Table 9-1 
Summary of Hydrogeologic Parameters of the Six Basins 

Parameter Description 

Structure  

Aquifer(s)  Unconfined alluvium in upper basins 
Confined to semi-confined in lower basins 

Depth of groundwater basin 0 to 1,200 feet 

Thickness of water-bearing units 

Canyon:  Up to 200 feet 
Upper Claremont Heights:  Up to 1,000 feet 
Lower Claremont Heights:  Up to 700 feet 
Pomona:  Up to 1,200 feet 

Yield and Storage  

Natural Safe Yield 19,300 AFY 

Operating Safe Yield  
(Calendar Year 2005) 18,000 AFY 

Total Storage 

Canyon:  15,000 AF 
Upper Claremont Heights:  100,000 AF 
Lower Claremont Heights:  20,000 AF 
Pomona:  200,000 AF 
Total:  335,000 AF 

Unused Storage Space Unknown 

Portion of Unused Storage Space 
Available for Storage  
(in 2005/06) 

~20,000 AF 

Source:  Three Valleys, 2004; 2006 
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Figure 9-2 
Generalized Hydrogeologic Cross Section in the Six Basins 

 
Source:  Three Valleys, 2004 

Figure 9-3 
Historical Precipitation in Six Basins Area 
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Groundwater generally flows from the upper basins to the lower basins.  Therefore, the primary 
source of recharge to the lower basins is subsurface flow from the upper basins.  The long term 
natural safe yield for all groundwater supplies within the Six Basins area, including the benefits 
of historical augmentation is estimated to be approximately 19,300 AFY.  The operating safe 
yield for the Four Basins Area, which is updated annually, is dependent on rainfall and 
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groundwater recharge of surface water runoff from the local mountains.  Since 1999, when the 
basins were adjudicated, the operating safe yield has ranged from 17,000 AFY to 24,000 AFY. 
In 2005, the operating safe yield was established at 18,000 AFY. 

GROUNDWATER MANAGEMENT  

The following section describes how the Six Basins area is currently managed. 

Basin Governance 

The Six Basins are adjudicated.  The Six Basins were adjudicated in 1999 and administrated by 
Three Valleys MWD, through a contract with the Six Basins Watermaster Board of Directors. 
The Board is comprised of nine parties representing producers and interests in the basins.  The 
Board of Directors rotates board positions on a yearly basis.  Each party is represented on the 
governing Watermaster Board of Directors.  A summary of the management agencies in the 
Six Basins is provided in Table 9-2. 

Table 9-2 
Summary of Management Agencies in the Six Basins 

Agency Role 
Six Basins Watermaster Board of 
Directors 

Governance and Oversight of Adjudicated 
Basins 

Golden State Water Company Major Party and Producer 

City of Pomona 

Major Party and Producer 
Operates Pomona Spreading Grounds pursuant 
to storage and recovery agreement with 
Watermaster 

City of Upland Major Party and Producer 

City of La Verne Major Party and Producer 

Pomona College Minor Party and Producer 

City of Claremont Minor Party and Producer 
(Sells rights to Golden State Water Company) 

San Antonio Water Company Major Party and Producer 

Three Valleys MWD Minor Party and Administrator  
(Storage & Recovery only) 

Pomona Valley Protective Association 
(PVPA) 

Operates San Antonio and Thompson Creek 
Spreading Grounds 

Los Angeles County Department of 
Public Works (LACDPW) Operates Live Oak Spreading Grounds 
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In accordance with the adjudication, pumping is limited to the annual operating safe yield within 
the Four Basins Area.  Pumping is not limited in the Ganesha or Live Oak Basins.  According to 
the adjudication, annual over-pumping in the Four Basins Area is allowed with no specified 
upper limit but incurs replenishment obligation of equal amount.  Carryover of 25 percent of the 
original annual allocation or unused balance, whichever is less, is allowed.  Additional storage is 
allowed with no specified upper limit but only pursuant to a storage and recovery agreement 
between Watermaster and a single party.  Imported water deliveries are allowed for 
replenishment obligation or Storage/Recovery account (Six Basins, 2005).  However, facilities to 
spread and store imported water are not yet available in the Six Basins area. 

Criteria for monitoring of the basin include monthly monitoring and groundwater modeling of 
water levels and monthly reporting and groundwater modeling of production.  Pumping rights 
are allocated to each producer in the Four Basins Area based on the percentages in the Judgment. 
The Base Annual Production percentage owned by each producer is applied to the current 
Operating Safe Yield, and the resulting allocation is the pumping allowance available to each 
party without incurring a replacement water obligation (Six Basins, 2005) 

Interactions with Adjoining Basins 

Subsurface outflow to the Chino Basin across the San Jose fault has not been estimated but is 
considered to be very low (Three Valleys, 2004).  The quantity of flow is not currently known 
with enough certainty for a formal exchange agreement to be made.  Future studies have been 
proposed to better quantify this outflow. 

Under the adjudication, Six Basins producers are allowed to export water upon approval by the 
Watermaster.  For example, production from the western edge of the Pomona Basin is exported 
to the Main San Gabriel Basin.  In addition, production by the City of La Verne is exported 
outside the boundaries of the Live Oak and Ganesha Basins (Three Valleys, 2004). 

WATER SUPPLY FACILITIES AND OPERATIONS 

The following provides a summary of the facilities within the Six Basins.  Facilities for 
groundwater supply and storage include approximately 68 production wells and nearly 700 acres 
of recharge basins. 

Municipal Production Wells 

Table 9-3 provides details of the production wells within the Six Basins area.  There are 
approximately 68 municipal production wells in the Six Basins area.  Fourteen municipal wells 
are inactive.  The total production capacity of active municipal wells is at least 35,000 AFY 
(Three Valleys, 2007).  It is important to note that groundwater demand is only about 
24,000 AFY.  Approximately seven wells are anticipated to be replaced in the next five years 
(Six Basins, 2006). 

Figure 9-4 summarizes the historical production data in the Four Basins Area.  Data from the 
Live Oak and Ganesha Basins were not available at the time of this report.  However, because of 
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water quality issues in these two basins, production is limited but still significant.  Most of the 
groundwater production in the Six Basins area is from the Upper Claremont Heights Basin and 
the Pomona Basin.  Between 1985 and 2004, pumping in the Upper Claremont Heights Basin 
ranged from 7,857 AFY to 14,732 AFY with an average of 9,890 AFY.  Production in this basin 
generally correlates with precipitation.  There has been limited pumping in the Lower Claremont 
Heights Basin after 1998, and extractions from the Canyon Basin are a result of precipitation 
because it responds quickly to runoff from San Antonio Canyon.  Production from the Pomona 
Basin ranged from 5,028 AFY to 9,195 AFY between 1985 and 2004.  Production from the 
Pomona Basin has been less than the adjudicated allowance because of water quality issues in 
this basin.  However, in recent years, production from the Pomona Basin has increased as 
facilities to remove contaminants from the groundwater are constructed. 

Table 9-3 
Summary of Production Wells in the Six Basins 

Basin Number of 
Wells 

Estimated 
Production 
Capacity 

(AFY) 

Average 
Production 
1985-2004 

(AFY) 

Well 
Operation 

Cost 
($/AF) 

Canyon 595 

Upper 
Claremont 
Heights 

10,199 

Lower 
Claremont 
Heights 

723 

Pomona 6,649 

Ganesha Data not 
available 

Live Oak 

54 Active 
14 Inactive At least 35,000 

Data not 
available 

Total 68 35,000  18,164 

$60-175 
(average of 

$125) 
Power only 

 

Source:  Three Valleys, 2006 

Other Production 

Other non-municipal production has not been reported for the Six Basins.  Non-municipal 
production is included in production data discussed above.   
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Figure 9-4 
Historical Groundwater Production in the Six Basins 
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ASR Wells 

There are no ASR wells in the Six Basins. 

Spreading Basins 

There are four spreading basin areas in the Six Basins area.  These include:  San Antonio, 
Thompson Creek, Live Oak and Pomona.  Each of these is discussed below and summarized in 
Table 9-4.  Figure 9-5 summarizes the historical groundwater recharge spreading operations in 
the Six Basins.  An average of about 6,200 AFY has been recharged in the Six Basins area 
between 1995 and 2004.  During the wet years of 1995 and 1998 more than 25,000 AFY was 
recharged. 

The San Antonio Spreading Grounds consist of about 600 acres of spreading grounds in the 
Upper Claremont Heights Basin.  This facility is owned and operated by the Pomona Valley 
Protective Agency (PVPA).  The primary source of water for this facility is runoff from 
San Antonio Creek by way of controlled releases from San Antonio Dam by the Army Corps of 
Engineers.  Imported water from Metropolitan will also spread at this facility as part of the 
Upper Claremont Heights Conjunctive Use Program discussed below.  Facilities to spread 
imported water have not been constructed yet.  Although larger volumes of water have been 
spread in the San Antonio Spreading Grounds historically, the recharge capacity of the 
San Antonio Spreading Grounds has been estimated by Bookman-Edmonston to range from 
about 13,000 to 18,000 AFY taking into consideration adjustments to avoid impacts of high 
groundwater (Three Valleys, 2004). 
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The Live Oak Spreading Grounds consist of about five acres of spreading facilities in the 
Live Oak Basin.  This facility is owned an operated by LACDPW.  The primary source of water 
is runoff from the Live Oak Dam.  Imported from Metropolitan is also recharged at this facility 
as part of the Live Oak Conjunctive Use Program discussed below. 

Table 9-4 
Summary of Recharge Basins in Six Basins 

Basin Area 
(acres) 

Wetted 
Area 

(acres) 

Recharge 
Capacity 

(cfs) 

Recharge 
Capacity 

(AFY) 

Source 
Water Owner 

San Antonio 600 Data not 
available 

Data not 
available 

13,000 to 
18,000 1 

Runoff 
 

Pomona 
Valley 

Protection 
Agency 

Thompson 
Creek 53 5 15 Data not 

available Runoff 

Pomona 
Valley 

Protection 
Agency 

Live Oak 5 3 13 Data not 
available 

Runoff 
Imported LACDPW 

Pomona 8 Data not 
available 

Data not 
available 

Data not 
available Runoff City of 

Pomona 

Source:  Three Valleys, 2004; LACDPW, 2006 
1. Spreading capacity as determined by Bookman Edmonston (Three Valleys, 2004) 

The Pomona spreading groundwater facilities are owned by the City of Pomona adjacent to its 
Pedley Water Treatment Plant pursuant to a storage and recovery agreement with Watermaster.  

The Thompson Creek Spreading Grounds consist of about 53 acres of spreading facilities in the 
Canyon Basin.  The primary source of recharge is runoff from the adjacent drainages upstream of 
the facilities. 

Seawater Intrusion Barriers 

There are no seawater intrusion barriers in the Six Basins area. 

Desalters 

There are no desalters in the Six Basins area. 
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Figure 9-5 
Historical Groundwater Recharge in Six Basins Area 
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GROUNDWATER LEVELS 

The general direction of groundwater flow is south to southwest from the upper basins to the 
lower basins.  Historical water levels for the Six Basins area are shown in Figure 9-6.  Water 
levels generally decreased in each basin between1985 and 2004.  Decreases have ranged from 
slight decreases in the Canyon Basin to more than 80 feet (between 1985 and 2004) in the 
Upper Claremont Heights Basin.  However, since the heavy rains of early 2005, water levels 
have recovered and, during 2005 and 2006 are near historical highs. 

Despite the overall decrease after 1985, water levels in the Pomona Basin increased between 
1990 and 1994 because wells were shutdown due to water quality issues in this basin.  Water 
levels have remained higher since that time.  Unlike the three upper basins, water levels in the 
Pomona Basin are above desired levels (Six Basins, 2005).  Areas of rising groundwater 
(cienegas) are present in various locations in the Pomona Basin and are a concern for 
management of the basin.  The approximate locations of known cienegas are provided in 
Figure 9-7. 

Basin water levels must be closely managed to avoid rising water and property damage.  
Canyon Basin and Upper Claremont Heights Basin both experienced rising groundwater 
conditions in early 2005.  In 1993, James M. Montgomery Consulting Engineers (JMM) 
developed a spreadsheet model to evaluate spreading conditions.  Based upon the model 
assumptions, water is not to be spread when the Index Water Level (weighted average of 5 wells 
in Upper Claremont Heights Basin) approaches or reaches an elevation of 1,455 feet MSL.  
Since 1993, the index water level has ranged from 1262.3 feet MSL to 1,342.4 feet MSL.  The 
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index water level in March 2004 was 1,296.1 feet MSL (Six Basins, 2005).  In 2006, CDM 
developed a new spreadsheet model, which utilizes data from nine dedicated monitoring wells in 
the Six Basins. The new threshold index for this model is 1,475 feet MSL. 

Figure 9-6 
Historical Water Levels in the Six Basins 
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Figure 9-7 
Locations of Cienegas in the Six Basins Area 

 

GROUNDWATER QUALITY 

The following section describes the overall water quality considerations for the Six Basins. 
Fourteen wells, particularly in the Live Oak and Pomona Basins are offline because of water 
quality issues. 

Groundwater Quality Monitoring 

Basin water quality assessments utilize Title 22 reporting for production wells.  There is no 
formal groundwater quality-monitoring program established for the Six Basins. 
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Groundwater Contaminants 

General water quality information was collected from the various water agencies in the 
Six Basins Area to conduct an assessment of water quality conditions in the area.  The water 
quality analysis was collected for 2005/06.  Table 9-5 provides summary of the primary 
constituents of concern in the Six Basins areas.  Constituents of concern include:  total dissolved 
solids (TDS), nitrate, volatile organic compounds, or VOCs (trichloroethylene, or TCE, 
tetrachloroethylene, or PCE), and perchlorate.  A brief discussion of water quality conditions for 
each of the compounds of potential concern is presented below. 

Nitrate is a main water quality concern in the Live Oak Basin and the westerly portion of the 
Pomona Basin, where most of the wells currently exceeding the MCL (13 of the 44 wells 
reported).  Nitrate concentrations in some of the city of La Verne wells are 20 to 22 mg/L as N, 
over twice the current MCL.  The eastern half of the Pomona Basin and the Upper Claremont 
Basin experience lower nitrate concentrations with most of the wells below 50 percent MCL.  
Figure 9-8 illustrates nitrate concentrations for the reporting wells in the Six Basins area. 

TDS information was obtained for only 14 of the producing wells in the area.  TDS is currently 
not an issue of concern as none of the wells exceed the secondary MCL of 500 mg/L; further, 11 
of the 14 wells showed concentrations below 50 percent MCL.  Figure 9-8 illustrates TDS 
concentrations for the reporting wells in the Six Basins area. 

The Pomona Basin also contains VOCs at four wells above the appropriate MCL.  As described 
below, the City of Pomona has constructed VOC treatment/removal facilities in the Pomona 
Basin.  TCE is an issue of concern at two primary locations in the Pomona Basin.  In the vicinity 
of the historical Del Monte Cienega there are 2 wells with TCE concentrations exceeding MCL. 
Similarly, the there are 2 wells located east of the Palomares Cienega with elevated 
concentrations of TCE.  These four wells are treated or blended to meet drinking water 
standards.  Figure 9-9 illustrates PCE and TCE concentrations for the reporting wells in the 
Six Basins area.  Some levels of perchlorate have also been observed, but below notification 
levels. 

Blending Needs 

The City of Pomona blends 60 percent of imported SWP water with treated groundwater to 
improve nitrate concentrations.  The Golden State Water Company also blends with imported 
SWP water to improve nitrate concentrations.  Blending needs are summarized in Table 9-6. 

Groundwater Treatment 

Table 9-7 summarizes the treatment type and constituents of concern for Six Basins.  In 
addition, the city of La Verne is currently constructing ion exchange facilities for removal of 
nitrates in Live Oak Basin.  It is estimated that up to 5,000 AFY additional production capacity 
can be achieved with groundwater treatment facilities over and above those mentioned here. 
(Three Valleys, 2006). 



Chapter IV – Groundwater Basin Reports 
San Gabriel Valley Basins 

September 2007 IV-9-14 FINAL 

Figure 9-8 
Nitrate and TDS Concentrations in the Six Basins  

 

 
 

 
Source:  Three Valleys, 2007 
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Figure 9-9 
Volatile Organic Compound Concentrations in the Six Basins 

 

 
 

 
Source:  Three Valleys, 2007 
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Table 9-5 
Summary of Constituents of Concern in Six Basins 

Constituent Units Range Description 

TDS 

Secondary MCL = 500 
mg/L 190 to 480 Below MCL of 500 in all basins 

(14 of 14 wells) 

Nitrate (as N) 
Primary MCL = 10 mg/L ND to 22 

Above MCL in some portions 
of Pomona, Lower Claremont 
Heights and Live Oak Basins 
(13 of 44 wells exceed MCL 
and 24 of 44 wells are less than 
50 percent of MCL) 
 

VOCs  

(TCE and PCE) 
Primary MCL for TCE = 5 
Primary MCL for PCE = 5 

µg/L ND to > 10 for TCE 
ND to < 0.01 for PCE 

Above MCL in some portions 
of Pomona Basin.  VOC 
treatment occurs in Pomona 
Basin 
(4 of 32 wells exceed MCL for 
TCE and no wells exceed MCL 
for PCE – 28 of 32 well had 
TCE concentrations less than 50 
percent of MCL and all wells 
had PCE concentration less than 
50 percent of MCL ) 

Perchlorate 

Notification level = 6 
µg/L < 6 

No reported exceedances of 
notification level found in 
Six Basins 

Source:  Three Valleys, 2007 

CURRENT GROUNDWATER STORAGE PROGRAMS 

Metropolitan has recently implemented two conjunctive programs under the Proposition 13 
program in the Six Basins.  These include programs in the Live Oak and Upper Claremont 
Heights Basins.  Each of these programs is described in Table 9-8.  Total storage from these 
programs is 6,000 AF.  As of June 30, 2006, about 610 AF was in storage under these combined 
programs. 
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Table 9-6 
Summary of Blending Needs in the Six Basins 

Purveyor Constituent Blended 
Average Groundwater 

Blended 
(AFY) 

City of Pomona Nitrate 
(blended with imported water) 1,363 

Golden State Water 
Company 

Nitrate 
(blended with imported water) 648 

Total  2,011 

Source:  Three Valleys, 2006  

Table 9-7 
Summary of Groundwater Treatment in the Six Basins 

# Wells Treatment 
Type 

Constituents 
of Concern 

Treatment 
Target 

Treatment 
Cost 

Amount 
Treated 
(AFY) 

3 Air-Strippin
g 

1,1-DCE 
PCE 
TCE 

ND $70/AF 1,363 

2 GAC VOC ND $81/AF 460 

Source:  Three Valleys, 2006 

Live Oak Basin Conjunctive Use Project 

Metropolitan, Three Valleys, and the City of La Verne executed the Live Oak Basin Conjunctive 
Use Project agreement on October 21, 2002.  The Live Oak Conjunctive Use Project will allow 
the storage of up to 3,000 AF of water.  Surplus water will be stored when available and during 
dry, drought, or emergency periods.  Metropolitan will be able to recover 1,000 AF of water per 
year. 
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Table 9-8 
Summary of Conjunctive Use Programs in the Six Basins 

Program Member 
Agencies Year Began Total Storage 

(AF) 

Amount in 
storage 1 

(AF) 

Live Oak 
Conjunctive 
Use Program 

Three Valleys  2002 3,000 610 

Upper 
Claremont 
Heights 
Conjunctive 
Use Program 

Three Valleys  2005 3,000 0 

1As of June 30, 2006 

Upper Claremont Heights Conjunctive Use Program (San Antonio Spreading Grounds 
Conjunctive Use Project) 

In October 2005, Three Valleys entered into an agreement with Metropolitan to store up to 
3,000 AF in the Upper Claremont Heights Basin.  Three Valleys plans to construct a production 
well to take advantage of the available storage capacity in the Upper Claremont Heights Basin. 
Three Valleys has available storage within this basin as a part of an agreement with the 
Six Basins Watermaster.  The Watermaster agreement provides Three Valleys with an annual 
storage account of up to 1,000 AF and an extraction limit of up to 3,500 AF that would be used 
for the program.  Facilities to store water have not yet been completed for this program.  Facility 
construction is expected to be completed by the end of 2007. 

BASIN MANAGEMENT CONSIDERATIONS 

Potential constraints to groundwater storage and extraction include: 

• Because the shallower upstream basins production ability is largely dependent upon natural 
recharge, during dry years, these basins produce very little. 

• Production limits as a result of the adjudication may limit ability to extract water from the 
Four Basins Area. 

• Spreading may be limited in the Upper Claremont Heights Basin if water level index exceeds 
1,475 feet MSL.  New CDM model calculates amount of storage available for recharge based 
upon the 1,475 index.  Additional monitoring wells wills be needed to monitor water levels. 

• Rising groundwater conditions in the Pomona Basin may limit the ability to store water in the 
upstream basins. 
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• Groundwater quality, particularly nitrate and VOCs in the Live Oak, Pomona and 
Lower Claremont Basins may limit ability to store and extract water. 

• In the event that there is imported water in storage that prohibits the spreading of local 
runoff, provisions in the Judgment would reduce the amount of imported water spreading by 
an equivalent amount of local surface water that could not be spread.  Imported water would 
be the first stored water lost in the event that surface water could not be spread. As such, 
groundwater accounting would be affected. 
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Draft Groundwater Assessment Study, March 2007 dated June 12, 2007. 
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U.S. Department of the Interior - News Release - Secretary Salazar...ery Investments to Improve Water Reclamation and Reuse in the West

U.S. Department of the Interior

 
Date: July 1, 2009 

Contact: Joan Moody 
(202) 208-6416 

Secretary Salazar Announces $134.3 Million in Economic Recovery 
Investments to Improve Water Reclamation and Reuse in the 

West 

WASHINGTON, D.C. –Secretary of the Interior Ken Salazar announced today that the Bureau of Reclamation has identified 27 
water reclamation and reuse projects that will share in a total of $134.3 million under the American Recovery and Reinvestment 
Act of 2009 (ARRA).  

These water projects – known as “Title XVI” projects for the title of Public Law 102-575 that established the program – facilitate 
the reclamation and reuse of wastewater and naturally impaired ground and surface waters. 

The $134.3 million for these projects is part of President Barack Obama’s $1 billion investment of ARRA funding provided by the 
Department of the Interior for water projects across the West. In April, Secretary Salazar announced an additional $260 million in 
ARRA funding to address California’s current drought conditions and to meet the state’s long-term water supply infrastructure 
needs. Today’s announcement brings total funding for California water-related activities funding under the Interior portion of 
ARRA to $381 million.

These 27 projects will team non-federal sponsors with local communities and the federal government to provide growing 
communities with new sources of clean water while promoting water and energy efficiency and environmental stewardship. 
Federal funding will be leveraged to construct a total of more than $675 million in Title XVI projects.  

“The Bureau of Reclamation is known for its forward-looking partnerships with local communities and governments to provide 
reliable, efficient water across 17 Western states,” Secretary Salazar said. “These ARRA funds will continue that tradition – 
creating economic opportunities and local jobs while infusing some of the nation’s most drought- ravaged areas with expanded 
water supplies and a brighter outlook for the future.”

In order to fulfill the intent of ARRA to rapidly create jobs and provide stimulus to the economy, the Bureau of Reclamation sent a 
letter to potentially eligible project sponsors to explain how to request federal funds provided under ARRA and to outline the 
associated requirements, responsibilities, and  criteria. All requests for funds on behalf of Title XVI projects were submitted to 
Reclamation. Reclamation developed a team to review submittals, score requests and prioritize Title XVI projects for funding. 

“President Obama’s economic recovery plan is meant to quickly aid Americans by providing jobs, improving infrastructure and 
paving the way for tomorrow’s success,” Secretary Salazar said today. “We CAN do this if we work together—it is a great 
investment in our future.” 
   
Of the nearly $135 million in funding announced by the Department today, the Bureau of Reclamation will utilize about $4.2 
million – or 3 percent – to ensure the projects’ compliance with federal regulations and statutes as well as adherence to the 
Recovery Act goals. 

Recipients of the Title XVI funding announced today must meet specific requirements such as demonstrating complete 
compliance with the National Environmental Policy Act and other environmental laws; have an approved determination of 
financial capability; a feasibility study that meets the established requirements of Title XVI; an approved determination of 
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financial capability; and an executed cooperative agreement for financial assistance. 

Secretary Salazar has pledged quick and responsible implementation of the $3 billion in Recovery funds that will be used by the 
Department of the Interior and its agencies. 

“President Obama and this Department have ambitious goals to build America’s new energy future, to protect and restore our 
treasured landscapes and to create a 21st Century Youth Conservation Corps,” added Salazar. “These Bureau of Reclamation 
projects will help us fulfill these goals while helping American families and their communities prosper again.”

The public will be able to follow the progress of each project on www.recovery.gov and on www.interior.gov/recovery. Secretary 
Salazar has appointed a Senior Advisor for Economic Recovery, Chris Henderson, and an Interior Economic Recovery Task 
Force. Henderson and the Task Force will work closely with the Department of the Interior’s Inspector General to ensure that the 
recovery program is meeting the high standards for accountability, responsibility and transparency that President Obama has set.

###

[Editor’s Note: A state-by-state listing of the 27 projects selected for funding under the Bureau of Reclamation’s Title XVI 
program is attached.]
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ABBREVIATIONS AND DEFINITIONS

CFU/mL Colony-Forming Units per milliliter pCi/L  picoCuries per liter

DBP Disinfection By-Products PHG Public Health Goal - The level of a contaminant in drinking water below which there is no 
known or expected risk to health.  PHGs are set by the California Environmental Protection 
Agency.

MCL Maximum Contaminant Level - The highest level of a contaminant that is allowed in 
drinking water. Primary MCLs are set as close to the PHGs (or MCLGs) as is economically 
and technologically feasible.  Secondary MCLs are set to protect the odor, taste, and  
appearance of drinking water.

ppb parts per billion or micrograms per liter (µg/L)

ppm parts per million or milligrams per liter (mg/L)

MCLG Maximum Contaminant Level Goal - The level of a contaminant in drinking water below 
which there is no known or expected risk to health. MCLGs are set by the U.S. Environ-
mental Protection Agency (USEPA).

RAA Running Annual Average

MRDL Maximum Residual Disinfectant Level - The highest level of a disinfectant allowed in 
drinking water.  Addition of a disinfectant is necessary for control of microbial contami-
nants.

TOC Total Organic Carbon

MRDLG Maximum Residual Disinfectant Level Goal - The level of a drinking water disinfectant 
below which there is no known or expected risk to health. MRDLGs do not reflect the 
benefits of the use of disinfectants to control microbial contaminants.

TON Threshold Odor Number

N Nitrogen TT Treatment Technique - A required process intended to reduce the level of a contaminant in 
drinking water.

NA Not Applicable µS/cm microSiemen per centimeter; or micromho per centimeter (µmho/cm)

ND Not Detected Primary Standards (Primary Drinking Water Standards) - MCLs and MRDLs for contaminants that affect 
health along with their monitoring and reporting requirements, and water treatment requirements.

NTU Nephelometric Turbidity Units Secondary Standards - Requirements that ensure the appearance, taste and smell of drinking water 
are acceptable.

FOOTNOTES

(a) The turbidity level of the filtered water shall be less than or equal 
to 0.3 NTU in 95% of the measurements taken each month 
and shall not exceed 1 NTU at any time.  Turbidity is a measure 
of the cloudiness of the water and is an indicator of treatment 
performance.  The averages and ranges of turbidity shown in 
the Secondary Standards were based on the treatment plant 
effluent.

(d) Aluminum has both primary and secondary standards. (i) Metropolitan was in compliance with all provisions of the 
Stage 1 Disinfectants/ Disinfection By-Products (D/DBP) Rule.  
Compliance was based on the RAA.

(e) Metropolitan was in compliance with all provisions of the 
State’s Fluoridation System Requirements.

(j) Reporting level is 0.5 ppb for each of the following:  bromodi-
chloromethane, bromoform, chloroform, and dibromochlo-
romethane.

(b) Total coliform MCLs:  No more than 5.0% of the monthly sam-
ples may be total coliform-positive.  Compliance is based on the 
combined distribution system sampling from all the treatment 
plants.  In 2009, 8116 samples were analyzed and two samples 
were positive for total coliforms.   The MCL was not violated.

(f) State MCL is 45 mg/L as nitrate, which is the equivalent of 
10 mg/L as N.

(k) The detection limit for purposes of reporting is 1.0 ppb for 
each of the following:  dichloroacetic acid, trichloroacetic 
acid, monobromoacetic acid, and dibromoacetic acid; and 2.0 
ppb for monochloroacetic acid.

(g) Data collected from four consecutive quarters of monitor-
ing in 2008.

(l) Bromate reporting level is 3 ppb.

(c) All distribution system samples collected had detectable total 
chlorine residuals and no HPC was required.  HPC reporting level 
is 1 CFU/mL.

(h) The gross beta particle activity MCL is 4 millirem/year 
annual dose equivalent to the total body or any internal 
organ.  The screening level is 50 pCi/L.

(m) Data based on the State-required quarterly monitoring fol-
lowing MCL exceedance. Metropolitan utilizes a flavor-profile 
analysis (FPA) method that can detect odor occurrences more 
accurately and found the FPA samples from this location 
acceptable.  No taste and odor event was observed and no 
complaints were received during the period.

Nitrate (as N) (f) ppm 10 10
Range

Highest RAA
ND - 0.4

0.4
ND - 0.4

0.4
0.6 - 0.9

0.8
ND - 0.4

ND
ND - 0.8

0.6
Runoff and leaching from fertilizer use;
sewage; natural deposits erosion

RADIONUCLIDES (g) 

Gross Alpha
Particle Activity pCi/L 15 (0)

Range
Average

ND - 7.6
5.2

3.8 - 9.3
5.6

ND - 7.3
3.4

3.3 - 4.3
3.6

ND - 5.5
ND Erosion of natural deposits

Gross Beta
Particle Activity (h) pCi/L 50 (0)

Range
Average

ND - 9.7
4.2

ND - 6.4
4.3

ND - 5.2
ND

ND - 8.8
ND

ND - 7.5
ND

Decay of natural and man-made 
deposits

Uranium pCi/L 20 0.43
Range

Average
2.4 - 3.4

2.9
2.9 - 3.7

3.3
1.6 - 2.0

1.8
2.3 - 2.7

2.5
1.5 - 2.8

2.1 Erosion of natural deposits

DISINFECTION BY-PRODUCTS, DISINFECTANT RESIDUALS, AND DISINFECTION BY-PRODUCTS PRECURSORS (i)

Total Trihalomethanes
(TTHM) (j) ppb 80 NA

Range
Average

25 - 67
43

26  - 56
43

17 - 33
28

26 - 56
41

20 - 33
25

By-product of drinking water chlorina-
tion

Total Trihalomethanes
(TTHM) (j)  ppb 80 NA

Range
Highest RAA

  Distribution System-wide:   
  Distribution System-wide:

15 - 81
39

By-product of drinking water chlorina-
tion

Haloacetic Acids (five)
(HAA5) (k) ppb 60 NA

Range
Average

5.6 - 20
11

7.3 - 12
10

2.0 - 3.2
2.5

9.9 - 15
12

2.3 - 7.0
4.3

By-product of drinking water chlorina-
tion

Haloacetic Acids (five)
(HAA5) (k) ppb 60 NA

Range
Highest RAA

  Distribution System-wide:   
Distribution System-wide:

1.5 - 30
14

By-product of drinking water chlorina-
tion

Total Chlorine  
Residual ppm [4.0] [4.0]

Range
Highest RAA

  Distribution System-wide:
  Distribution System-wide:

1.5 - 3.0
2.4

Drinking water disinfectant added
for treatment

Bromate (l) ppb 10 0.1
Range

Highest RAA
NA
NA

NA
NA

4.2 - 12
6.9

NA
NA

3.9 - 12
8.0 By-product of drinking water ozonation

DBP Precursor 
Control
(TOC) ppm TT NA

Range
Average

TT
TT

TT
TT

TT
TT

TT
TT

TT
TT Various natural and man-made sources

E SECONDARY  STANDARDS - Aesthetic Standards

Aluminum (d) ppb 200 600
Range

Highest RAA
110 - 240

160
100 - 230

170
ND - 100

76
ND
ND

ND - 160
96

Residue from water treatment process;
natural deposits erosion

Chloride ppm 500 NA
Range

Highest RAA
89 - 100

98
89 - 99

97
77 - 82

79
93 - 100

97
67 - 99

85
Runoff/leaching from natural deposits;
seawater influence

Color Units 15 NA
Range

Highest RAA
1 - 2

2
1 - 2

2
1 - 2

2
1 - 2

2
1 - 2

2 Naturally occurring organic materials

Odor Threshold (m) TON 3 NA
Range

Average
2
2

2
2

2
2

12 - 24
18

2
2 Naturally occurring organic materials

Specific
Conductance µS/cm 1,600 NA

Range
Highest RAA

850 - 1,100
1,000

880 - 1,100
1,000

570 - 610
590

760 - 1,100
960

460 - 670
590

Substances that form ions in water;
seawater influence

Sulfate ppm 500 NA
Range

Highest RAA
180 - 260

240
190 - 250

240
56 - 70

66
130 - 250

220
32 - 77

68
Runoff/leaching from natural
deposits; industrial wastes

Total Dissolved
Solids (TDS) ppm 1,000 NA

Range
Highest RAA

510 - 660
620

530 - 640
610

310 - 340
330

440 - 640
580

250 - 380
330

Runoff/leaching from natural deposits;
seawater influence

Turbidity (a) NTU 5 NA
Range

Highest RAA
0.05 - 0.06

0.06
0.04  - 0.05

0.04
0.04 - 0.05

0.04
0.04 - 0.05

0.05
0.05 - 0.08

0.06 Soil runoff

2009 Water Quality Table

B C D F G H I

Parameter Units

State
MCL

[MRDL]

PHG
(MCLG)

[MRDLG]
Range

Average

Treatment Plant Effluent

Major Sources in Drinking Water
Weymouth

Plant
Diemer
Plant

Jensen
Plant

Skinner
Plant

Mills
Plant

A Percent State
Project Water

% NA NA Range
Average

0 - 34
12

3 - 34
14

100
100

6 - 52
20

100
100

NA

E PRIMARY STANDARDS - Mandatory Health-Related Standards

CLARITY

Combined Filter
Effluent Turbidity

NTU
%

0.3
95 (a) NA

Highest
% < 0.3

0.06
100

0.06
100

0.06
100

0.08
100

0.18
100 Soil runoff

MICROBIOLOGICAL

Total Coliform
Bacteria (b) % 5.0 (0)

Range
Average

 Distribution System-wide: 
 Distribution System-wide: 

0 - 0.2
0 Naturally present in the environment

Heterotrophic Plate 
Count
(HPC) (c)

CFU/
mL TT NA

Range
Average

 Distribution System-wide:
 Distribution System-wide: 

TT
TT Naturally present in the environment

ORGANIC CHEMICALS

Acrylamide NA TT (0)
Range

Average
TT
TT

TT
TT

TT
TT

TT
TT

TT
TT Water treatment chemical impurities

Epichlorohydrin NA TT (0)
Range

Average
TT
TT

TT
TT

TT
TT

TT
TT

TT
TT Water treatment chemical impurities

INORGANIC CHEMICALS

Aluminum (d) ppb 1,000 600
Range

Highest RAA
110 - 240

160
100 - 230

170
ND - 100

76
ND
ND

ND - 160
96

Residue from water treatment process;
natural deposits erosion

Arsenic ppb 10 0.004
Range

Highest RAA
ND - 2.5

2.2
ND - 2.6

2.3
2.5 - 3.9

3.1
ND
ND

ND - 3.4
2.6

Natural deposits erosion; glass and 
electronics production wastes

Barium ppb 1,000 2,000
Range

Average
110 - 140

120
120 - 140

130
ND
ND

ND - 110
ND

ND
ND

Oil and metal refineries discharge;
natural deposits erosion

Fluoride (e)
(treatment-related) ppm 2.0

Control Range
Optimal Fluoride Level

0.7 - 1.3
0.8

0.7 - 1.3
0.8

0.7 - 1.3
0.8

0.7 - 1.3
0.8

0.6 - 1.2
0.7

1

Range
Average

Range

0.7 - 1.0
0.8

0.7 - 0.9
0.8

0.6 - 0.9
0.8

0.7 - 1.0
0.8

0.5 - 0.9
0.7

Water additive for dental health

 Distribution System-wide: 0.6 - 1.0
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Water Replenishment District of 1 Los Angeles County Flood Control District 
Southern California  Cooperative Agreement 
 

 
 

COOPERATIVE AGREEMENT 
LOS ANGELES COUNTY FLOOD CONTROL DISTRICT 

 

This Cooperative Agreement (the “Agreement”)  is made and entered into this __ day of 
November, 2009 (“Effective Date”), by and between the Water Replenishment District of 
Southern California (“WRD”) and the Los Angeles County Flood Control District (“LACFCD”) 
(collectively referred to as “Parties” or individually as “Party”) for the purposes stated herein. 
 

RECITALS 
 

 WHEREAS, the County of Los Angeles is home to approximately 10 million residents 
who depend on reliable sources of water; and 
 
 WHEREAS, two-thirds of the water supply is imported from sources outside of the 
region; and 
 
 WHEREAS, in addition to imported water, the water supply also depends on 
groundwater that is recharged from a variety of sources, including storm flows; and 
 
 WHEREAS, LACFCD engages in multiple projects which are designed to address water 
supply, conservation and water quality issues throughout Los Angeles County; and  
 

WHEREAS, through its various projects, LACFCD conserves approximately  150,000 
acre-feet of local stormwater runoff each year; and 
 

WHEREAS, WRD is a special district created pursuant to California Water Code, 
Section 60000, et seq., adopted by the California legislature in 1955; and 
 
  WHEREAS, WRD has operated since 1959 to protect and preserve the quantity and 
quality of the groundwater supplies in the Central and West Coast Groundwater Basins, which 
serve as the source of nearly 40 percent of the water used by the four million people overlying 
the WRD’s 420-square-mile service area; and  
 
  WHEREAS, WRD’s mission includes managing and safeguarding the groundwater 
resources of the Central Basin by ensuring its water quality and by maximizing the amount of 
groundwater in the basins; and 
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WHEREAS, the Whittier Narrows Dam is owned and operated by the United States 
Army Corps of Engineers (“USACE”) and provides flood control, recreation and water 
conservation for Los Angeles County; and 

 
WHEREAS, the Whittier Narrows Dam has provided a reliable means of capturing local 

stormwater flows which are later released and conserved in the LACFCD-operated Rio Hondo 
and San Gabriel River Spreading Grounds for groundwater replenishment purposes; and  

 
WHEREAS, in an effort to maximize the local water supply using existing 

infrastructure, and to provide additional space for the capture of stormwater, WRD and 
LACFCD wish to increase the elevation of the Whittier Narrows Conservation Pool from 201.6 
feet to 205 feet; thereby increasing the ability to conserve approximately 1,100 acre-feet of 
additional water for recharge into the groundwater basin annually, and thereby reducing the need 
to rely on expensive water imported into the area from the Sacramento and Colorado Rivers; and    

 
WHEREAS, the increased elevation of the Whittier Narrows Conservation Pool will 

work in conjunction with the recharge basin percolation enhancement and equalization projects 
currently being undertaken by WRD and LACFCD to provide drought relief and long-term water 
supply benefits to the Los Angeles region; and 

 
WHEREAS, USACE desires to implement high priority water conservation projects to 

address the unprecedented water supply shortage condition; and 
 
WHEREAS, in order to temporarily operate the Whittier Narrows Conservation Pool at 

the 205 foot elevation for the 2009-2010 storm season, WRD will prepare, at its expense, a 
Deviation Request Package (a deviation from the current 201.6 foot pool elevation)  for USACE 
approval, and in order to permanently operate at the new elevation USACE will prepare, with 
local cost-share provided by WRD, an update to the Whittier Narrows Dam Feasibility Study 
(“Feasibility Study”); and 

 
WHEREAS, LACFCD has agreed to pay the estimated cost of Seventy Five Thousand 

Dollars ($ 75,000.00) to USACE for its review and approval of the  Deviation Request Package, 
and WRD has agreed to reimburse LACFCD for all such payments to USACE; and 

 
WHEREAS, LACFCD has agreed to pay the estimated cost of Three Hundred Thousand 

Dollars ($300,000.00) to USACE for the preparation and processing of the  Feasibility Study 
update, and WRD has agreed to reimburse LACFCD for all such payments to USACE; and 

  
WHEREAS, any reimbursement by WRD exceeding Seventy Five Thousand Dollars 

($75,000.00) for the Deviation Request Package, and/or exceeding Three Hundred Thousand 
Dollars ($300,000.00), for the Feasibility Study update are subject to the approval of the Board 
of Directors of WRD; and 

     
WHEREAS, approval from USACE to operate at the increased pool elevation in time for 

the 2009-2010 storm season would implement an immediate and reliable conservation vehicle to 
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provide drought relief for the Los Angeles region, and alleviate the long-term impact on the 
region’s groundwater supply induced by ongoing drought. 
 
NOW THEREFORE, in consideration of the mutual benefits derived by WRD and LACFCD, 
the Parties hereby agree as follows: 
 
A. LACFCD AGREES: 
 

1. To serve as a liaison to the USACE to facilitate the processing and review of the 
Deviation Request Package and the update of the Feasibility Study. 

  
2. To draft and transmit a letter on behalf of the County of Los Angeles Flood Control 

District to the USACE requesting a temporary deviation from the approved Water 
Control Plan for the Whittier Narrows Dam for  a period of three years.  A deviation 
would allow temporary operation of the Conservation Pool at the proposed increased pool 
elevation while seeking approval for a permanent change to the operating plan. 

 
3. To draft and transmit a letter, to the USACE, on behalf of the County of Los Angeles 

Flood Control District  to request a permanent increase to the maximum conservation 
pool elevation at the Whittier Narrows Dam. Authorization by USACE will allow long 
term operation up to the increased pool elevation. 

 
4. To work to amend its agreement with the USACE, to allow LACFCD to advance non-

federal funding to USACE in the estimated amount of Three Hundred Thousand Dollars 
($300,000.00) for USACE staff to begin work on the Feasibility Study update while 
federal funds are being secured. 

 
5. To keep WRD apprised of project requirements and progress, and copy WRD on 

correspondence with USACE relevant to this cooperative effort. 
 

 
B. WRD AGREES:  
 

1. To take the necessary action to complete and submit the Deviation Request Package to 
USACE for its review and approval.  

 
2. To contract with an environmental services consultant (“Consultant”) who is experienced 

with United States Army Corps of Engineers projects and is familiar with the 
requirements for completion of the Deviation Request Package and to administer and 
fund the Consultant's contract. 

 
3. To complete and submit the Deviation Request Package to the USACE in a reasonable 

amount of time to obtain approval to temporarily operate at the increased pool elevation 
by January 31, 2010, or upon receiving authorization by USACE. 
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4. To pay to LACFCD Two Hundred Twenty Five Thousand Dollars ($225,000.00) upon 
execution of this Agreement, of which Seventy Five Thousand Dollars ($75,000.00) shall 
be used as reimbursement of amounts advanced by LACFCD to USACE for its review 
and preparation of the Deviation Request Package, and One Hundred Fifty Thousand 
Dollars ($150,000.00) shall be used as reimbursement of amounts advanced by LACFCD 
to USACE for its preparation of the Feasibility Study update.  WRD further agrees to pay 
LACFCD on July 1, 2010, the remaining One Hundred Fifty Thousand Dollars 
($150,000.00) to be used as reimbursement of the amounts advanced by LACFCD to 
USACE for its preparation of the Feasibility Study update.   

 
C. IT IS MUTUALLY UNDERSTOOD AND AGREED: 
 

1. Term.   

This Agreement is effective as of the Effective Date, and shall expire on December 31, 2012, 
or upon earlier termination by written notification from  WRD or LACFCD.  This Agreement 
shall be extended upon written notice by WRD that the Deviation Request Package or the 
Feasibility Study update has been delayed beyond the expected date of completion for 
reasons beyond the control of either Party.   

2. Funding Mechanism.   

This Agreement is intended as a funding mechanism to assist WRD in providing 
compensation to USACE for the preparation and review of the Deviation Request Package 
and the Feasibility Study update to increase the elevation of the Whittier Narrows 
Conservation Pool.  Nothing in this Agreement is intended to transfer liability to WRD 
and/or the LACFCD for the manner of operation of the Whittier Narrows Conservation Pool. 
If the estimated USACE costs for its review of the Deviation Request Package and/or the 
preparation of the Feasibility Study are exceeded, WRD may elect to fund any additional 
costs to ensure the completion of these studies under the terms of this Agreement.  Subject to 
the approval of the Secretary of the United States Army, the United States Government shall 
return any unexpended funds to LACFCD.  LACFCD shall then remit said funds to WRD.   

3. External Funding.   

Parties agree to mutually support the other in seeking grant funding.  Grant funding received 
by either of the Parties for the update of the Feasibility Study shall be applied toward 
reducing the local cost share as defined in the Agreement Between the United States of 
America and County of Los Angeles Department of Public Works, California for the Los 
Angeles County Drainage Area Water Conservation and Supply Study, California – Santa Fe 
Dam and Whittier Narrows Dams, adopted on November 8, 1994. 
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4. Operational Requirements.   
 
In order to temporarily operate the Whittier Narrows Conservation Pool at the 205 foot 
elevation for the 2009-2010 storm season, a Deviation  Request Package must be completed 
and approved by USACE, and permanent operation at the new elevation requires an update 
to the Whittier Narrows Dam Feasibility Study. 
 
5. Feasibility Study.   
 
After authorization by USACE of a deviation from the approved water control plan, the 
Parties shall work with USACE to expeditiously complete an update of the Feasibility Study 
as required to secure the USACE’s approval for a change to the long-term water control plan 
for the Whittier Narrows Dam.   
 
6. Applicability of Work Results with Respect to Long-term Goal.   

To the maximum extent practicable, results of work performed and materials prepared for the 
completion of the Deviation Request Package (short-term goal) shall be applied toward 
satisfying the requirements of the Feasibility Study update.  Wherever applicable, the results 
and cost value of in-kind deviation request components shall be credited toward the overall 
work requirements, and associated local cost share  requirement, for completion of the 
Feasibility Study update, and toward achieving approval for a long-term operating plan.  The 
conditions in this Section are contingent upon the USACE’s decision to permit the work 
performed in completion of the Deviation Request Package to be credited toward satisfying 
the requirements of the Feasibility Study update.  

7. Environmental Liability. 

The Parties agree that this Agreement shall serve only as a funding agreement between the 
Parties, and shall not form the basis of any finding of environmental liability.  

8. Compliance with Applicable Laws.   

Parties shall comply with all laws and regulations applicable to the performance of the work 
hereunder, including but not limited to, the California Environmental Quality Act (CEQA) 
and the National Environmental Policy Act (NEPA).  WRD is the lead agency for purposes 
of CEQA and will comply with all requirements as such.  USACE shall serve as the lead 
agency for purposes of NEPA.  A Party’s failure to comply with any law(s) or regulation(s) 
applicable to the performance of the work specified in Sections A, B and C(4) hereunder 
shall constitute a breach of this Agreement.   

9. Choice of Law and Venue.   

This Agreement shall be governed by and interpreted in accordance with the laws of the State 
of California.  The Parties agree that the exclusive venue for any action or proceeding arising 
from or relating to this Agreement shall be in the County of Los Angeles, State of California. 
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10. Notices.  

All notices provided by this Agreement shall be in writing and shall be sent by first-class 
mail and facsimile transmission as follows: 

If to WRD: 

Robert Siemak, Chief of Engineering and Planning   
Water Replenishment District of Southern California  
4040 Paramount Blvd.      
Lakewood, CA 90712                  
Phone:  (562) 921-5521      
Fax:  (562) 921-6101      

If to LACFCD: 

Christopher Stone, Assistant Deputy Director             
County of Los Angeles, Department of Public Works  
Water Resources Division      
900 South Fremont Avenue                  
Alhambra, CA 91802-1460      
Phone:  (626) 458-6100     
Fax:  (626) 979-5436      

11. Amendments.   

This Agreement may be modified only by a writing signed by the Parties hereto. 

12. Integration; Construction.   

This Agreement sets forth the final, complete and exclusive expression of the Parties’ 
agreement and supersedes any and all other agreements, representations, and promises, 
whether made orally or in writing with respect to the subject matter hereof,.  The Parties 
represent and warrant that they are not entering into this Agreement based upon any 
representation or understanding that is not expressly set forth in this Agreement.  This 
Agreement shall be construed as the product of a joint effort between the Parties and shall not 
be construed against either Party as its drafter. 

13. Prior Agreements.   

This Agreement shall not affect the rights or obligations of the Parties contained in any other 
agreements formally entered into by the Parties. 
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14. Authority.   

Each person signing this Agreement represents that he or she has the authority to do so on 
behalf of the Party for whom he or she is signing. 

IN WITNESS WHEREOF, the Parties have caused this AGREEMENT to be executed 
the day and year first above written. 

 
WATER REPLENISHMENT DISTRICT OF SOUTHERN CALIFORNIA 
 
              
Signature      Signature 
Albert Robles         Lillian Kawasaki                           
Print Name      Print Name 
President, Board of Directors    Secretary, Board of Directors    
Title       Title 
 
Approved As To Form: 
MEYERS, NAVE, RIBACK, SILVER & WILSON 
 
 
       
James M. Casso 
Attorneys for the Water Replenishment 
District of Southern California 
 
LOS ANGELES COUNTY DEPARTMENT OF PUBLIC WORKS 
 
 
        
Signature       
GAIL FARBER      
Print Name       
DIRECTOR OF PUBLIC WORKS                 
Title        
 
 
Approved As To Form: 
COUNTY OF LOS ANGELES 
 
 
       
Robert E. Kalunian 
County Counsel 
1325638.1 
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MEMORANDUM 
 
 
DATE: MAY 11, 2010 
TO: INTERESTED PARTIES 
FROM: ROBB WHITAKER, GENERAL MANAGER 
SUBJECT: UPDATED 2010 ENGINEERING SURVEY AND REPORT 
 
The Water Replenishment District of Southern California (“WRD” or “District”) is the groundwater 
management agency responsible for safe and reliable groundwater in the Central and West Coast Basins 
in southern coastal Los Angeles County.  Groundwater constitutes nearly 40% of the total water demand 
used by the 4 million residents and businesses in the 43 cities in the WRD service area.   
 
On March 19, 2010, WRD completed an Engineering Survey and Report (“ESR”) as required by the 
California Water Code (Section 60300) to present information on the past, current, and anticipated 
future conditions in the two groundwater basins.  Information is presented on groundwater pumping, 
groundwater conditions (water levels, overdraft, changes in storage), projects related to groundwater 
supply and quality, and the amount, sources, and cost of replenishment water needed to replace the 
pumping overdraft.   
 
According to Water Code Section 60305, the ESR must be completed by March of each year.  But the 
annual Replenishment Assessment (“RA”), which is the fee placed on groundwater production to fund 
the cost of replenishment water, is not required to be set until May.  Therefore, new and updated 
information is typically received in the two months between the initial ESR and the setting of the RA.  
To document these changes, the District publishes an updated ESR following adoption of the RA.  This 
May 11, 2010 ESR updates and replaces the earlier March 19, 2010 report and contains the latest 
information on groundwater conditions and replenishment water sources and costs within the District.   
 
On May 11, 2010, the WRD Board of Directors set the 2010/2011 RA at $205 per acre foot (AF) of 
groundwater pumped.  This rate will go into effect July 1, 2010 and last through June 30, 2011.  This is 
a 12.7% increase from the previous rate of $181.25/AF.  As discussed in the numerous Committee 
meetings, Board meetings, and Public Workshops leading up to the adoption of the RA, the reasons for 
the increase are as follows:   
 
• WRD purchases imported and recycled water from other agencies to replenish the groundwater 

basins.  The cost of this replenishment water is a direct pass-through to our customers – the 
groundwater pumping community.  In fiscal year 2010-11,  the cost of replenishment water to WRD 
is expected to increase by $9.3 million, which is a direct impact to the RA.  There are two main 
reasons for this large price increase:  

 
o The District since its inception in 1959 had available to it surplus imported water (“seasonal 

water”) from the Metropolitan Water District of Southern California (“MWD”) for groundwater 
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replenishment activities.  This water was provided by MWD at reduced rates since it was 
considered interruptible water, and was only offered at certain times of the year.  But in May 
2007, MWD stopped selling this water due to low water supplies in the State.  As a result, the 
District has been unable to replenish the basins sufficiently and groundwater levels have 
dropped. 
 
To ensure proper replenishment of the groundwater basins, the District budgeted for the next 
higher category of MWD water, known as Tier 1 untreated water.  This water category, although 
not assured, is typically more available than seasonal water but also comes at a higher price.  
This decision was not taken lightly by WRD, but due to water levels hitting 30 year lows and the 
likelihood that seasonal water would remain unavailable, the District decided for the first time in 
its history to budget for Tier 1 water instead of seasonal water.  This decision was supported by 
the pumpers Technical Advisory Committee and by numerous cities and water companies who 
realized that continued replenishment of the groundwater basins by WRD was critical to 
maintain a healthy groundwater reservoir.   
 

o The second reason for the RA increase was due to the rise in cost for the other water types that 
WRD purchases from other agencies for replenishing, including imported and recycled water at 
the spreading grounds, seawater barrier injection wells, and the In-Lieu program.   These price 
increases ranged from 6% to 67%, and averaged a unit price increase of 16% overall. 

   
 
My staff and I welcome any comments or questions you may have regarding the updated report.   
Additional copies are available by calling the District at (562) 921-5521 or by downloading it from our 
web site at http://www.wrd.org.  Thank you for your interest and input on groundwater conditions in the 
Central and West Coast Basins. 
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GLOSSARY OF ACRONYMS 
 
ABP  Alamitos Barrier Project  
AF  Acre-Feet (equivalent to 325,851 gallons) 
AFY  Acre-Feet per Year 
APA  Allowed Pumping Allocation 
 
CB  Central Basin 
CBMWD Central Basin Municipal Water District 
CDPH  California Department of Public Health (formerly California 

Department of Health Services) 
CHG  Certified Hydrogeologist 
CIP  Capital Improvement Program 
CPI  Consumer Price Index 
CWCB  Central and West Coast Basins 
 
DGBP  Dominguez Gap Barrier Project 
DPH  California Department of Public Health 
DTSC  California Department of Toxic Substances Control 
DWR  State Department of Water Resources 
 
EIR Environmental Impact Report   
EPA U.S. Environmental Protection Agency 
ESR  Engineering Survey and Report 
 
FY  Fiscal Year (July 1 – June 30) 
 
GAC  Granular Activated Carbon 
GIS  Geographic Information System 
 
IRWMP Integrated Regional Water Management Plan 
 
LACDHS Los Angeles County Department of Health Services 
LACDPW Los Angeles County Department of Public Works (Flood Control) 
LADWP Los Angeles Department of Water and Power 
LBWD  Long Beach Water Department 
 
Met  Metropolitan Water District of Southern California 
MCL  Maximum Contaminant Level 
MF  Microfiltration 
MFI  Modified Fouling Index 
mgd  Million Gallons per Day 
MOU  Memorandum of Understanding 
msl  Mean Sea Level 
MWD  Metropolitan Water District of Southern California 
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GLOSSARY OF ACRONYMS (continued) 
 
NDMA N-Nitrosodimethylamine 
 
O&M  Operations and Maintenance 
 
ppb  Parts Per Billion 
PG  Professional Geologist 
PRC  Program Review Committee 
PWRP  Pomona Water Reclamation Plant 
 
RA   Replenishment Assessment 
RO  Reverse Osmosis 
RTS  Readiness-to-Serve 
RWQCB Regional Water Quality Control Board (Los Angeles Region) 
 
SAT  Soil Aquifer Treatment 
SDLAC Sanitation Districts of Los Angeles County 
SDWP  Safe Drinking Water Program 
SGVMWD San Gabriel Valley Municipal Water District 
SJCWRP San Jose Creek Water Reclamation Plant 
 
TAC  Technical Advisory Committee 
TITP  Terminal Island Treatment Plant 
 
USGS  United States Geological Survey 
USGVMWD Upper San Gabriel Valley Municipal Water District 
UV  Ultraviolet Light Treatment 
 
VOC  Volatile Organic Compound 
 
WAS  Water Augmentation Study 
WBMWD West Basin Municipal Water District 
WCB  West Coast Basin 
WCBBP West Coast Basin Barrier Project 
WIN  Water Independence Network 
WNWRP Whittier Narrows Water Reclamation Plant 
WRD  Water Replenishment District of Southern California 
WRP  Water Reclamation Plant 
WY  Water Year (October 1 – September 30) 
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District Staff is pleased to present the 2010 Engineering Survey and Report (“ESR”).  It was 
prepared pursuant to the California Water Code, Section 60300 et seq. and determines the past, 
current, and ensuing year groundwater conditions in the Central and West Coast Basins (“CWCB”).  
The report contains information on groundwater production, annual and accumulated overdraft, 
water levels, quantity, source, and cost of replenishment water, and a discussion of necessary 
projects and programs to protect and preserve the groundwater resources of the basins.   

The ESR provides the Board of Directors with the necessary information to justify the setting of a 
replenishment assessment (“RA”) for the ensuing fiscal year (July 1 – June 30) to purchase 
replenishment water and to fund projects and programs related to groundwater replenishment and 
groundwater quality over the water year (October 1 – September 30).   

The following is a summary of information presented in the ESR:    

1.  Groundwater Production 
• Adjudicated Amount: 281,835 AF 

• Previous Water Year: 243,402 AF 

• Current Water Year: 241,000 AF (est) 

• Ensuing Water Year:   243,000 AF (est) 

 
2.  Annual Overdraft 

• Previous Water Year:  112,700 AF 

• Current Water Year:    95,800 AF (est) 

• Ensuing Water Year:      97,800 AF (est) 

 
3.  Accumulated Overdraft 

• Previous Water Year: 753,300 AF 

• Current Water Year: 749,700 AF (est) 

 
4. Groundwater Levels 
Groundwater levels are an indication of the amount of water in the basins.  They indicate areas of 
recharge and discharge and reveal which way the groundwater is moving.  Groundwater levels are 
used to determine when additional replenishment water is required and are used to calculate storage 
changes.  The groundwater levels can also indicate possible source areas for saltwater intrusion and 
can show the effectiveness of the seawater barrier injection wells along the coast.   
 

BOARD SUMMARY 
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WRD staff tracks groundwater levels throughout the year by measuring the depth to water in 
production wells and monitoring wells.  In the previous WY 2008/2009, water levels fell up to 15 
feet in the Central Basin due to the lack of imported water for replenishment and increased pumping.  
In the West Coast Basin, water levels rose in some areas, fell in others, but remained generally flat 
over most of the basin.  Overall, there was a loss of groundwater storage of 51,500 AF.  In the 
current water year there has been a rise in water levels in the Montebello Forebay due to above 
normal precipitation and the purchase of untreated Tier 1 (firm delivery) replenishment water for 
spreading.   

5.  Quantity Required for Replenishment 
Chapter IV details the quantity of water that WRD must purchase in the ensuing water year to help 
offset the annual overdraft.  A summary is listed below:  

• Spreading Water:  71,000 AF (50,000 recycled; 21,000 imported) 

• Seawater Barrier Water: 28,400 AF (14,100 recycled; 14,300 imported) 

• In-Lieu Program Water: 10,303 AF  

• Total Water:   109,703 AF 

6.  Source of Replenishment Water 
The sources of replenishment water to the District for the ensuing water year are detailed in Chapter 
IV.  Seasonal spreading water from MWD which has not been available since May 2007, and is not 
anticipated to be available again.  Therefore, for the first time in its history WRD is budgeting for 
untreated Tier 1 imported water for spreading as it may be more available than the seasonal water, 
although it is more expensive.  The In-Lieu water is not currently available from MWD but is being 
budgeted for in case it becomes available.  If it does not, the collected monies will be placed in a 
water purchase reserve for replenishment water purchases at a later time.  A summary of the sources 
of replenishment water is as follows: 

• Recycled Water:  Spreading water from the County Sanitation Districts of Los Angeles 
County (CSDLAC).  West Coast Basin Barrier Project (WCBBP) water from the West Basin 
Municipal Water District’s Edward C. Little Water Treatment Facility.  Dominguez Gap 
Barrier Project (DGBP) water from the City of Los Angeles Terminal Island Treatment Plant.  
Alamitos Barrier Project (ABP) water from WRD's Leo J. Vander Lans Facility. 

• Imported Water:  Spreading water from Central Basin Municipal Water District or other 
MWD member agencies.  WCBBP water and DGBP water from West Basin Municipal 
Water District.  ABP water from the City of Long Beach.      

7.  Cost of Replenishment Water 
WRD has estimated it will need 109,703 AF of replenishment water in the ensuing year.  The 
Metropolitan Water District of Southern California (MWD) and their member agencies set the price 
for the imported water WRD buys for the replenishment at the spreading grounds, barrier wells, and 
In-Lieu, and are a direct pass-through on WRD’s replenishment assessment.   
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MWD and their member agencies have recently set their new prices for water, including 
replenishment water, for the ensuing year.  In addition, the CSDLAC has recently notified WRD of 
an increase in their price for recycled water for spreading.  These price increases ranged from 6% to 
67% and averaged a unit price increase to WRD of 16% overall.  These increases are due to the 
State’s water crisis including drought, environmental concerns, energy concerns, and reductions in 
water purchases through conservation and the continued poor economy, as well as increases in costs 
for water quality treatment and treatment plant operations.  In addition, WRD has had to budget for 
untreated Tier 1 imported water for spreading versus seasonal water, as the seasonal water remains 
unavailable.   

With the known and estimated costs for replenishment water in mind, WRD has estimated that it will 
cost $38,106,991 to purchase the replenishment water in the ensuing year.  Tables 1 and 2 present 
the details of these anticipated costs.      

The estimated cost for replenishment water has been detailed in this report.  However, this is just the 
District’s water costs and does not include the costs for projects and programs necessary to replenish 
the basins and to protect and preserve the groundwater quality.  The entirety of the District costs 
were presented during the annual budgeting and rate setting process that culminated in the Board’s 
adoption of the Replenishment Assessment for FY 2010/2011 on May 11, 2010, at a rate of $205 per 
acre foot of groundwater extracted.  

8.  Projects and Programs 

A list of the WRD projects and programs related to groundwater replenishment and the protection 
and preservation of water quality is shown on Table 3.  Funds are required to finance these projects 
and programs.  Sections 60221 and 60230 of the Water Replenishment District Act authorize the 
WRD to undertake a wide range of capital projects and other programs aimed at enhancing 
groundwater replenishment.  Section 60224 of the Water Replenishment District Act states that 
WRD may establish projects or programs that will directly or indirectly preserve and protect the 
groundwater supplies within its boundaries.  

These projects and programs address any existing or potential problems related to the basin’s 
groundwater, and may extend beyond the District's boundaries if the threat of contamination is 
outside those boundaries.  The programs span all phases of planning, design, and construction and 
are financed by the collection of a replenishment assessment.  A more detailed description of each 
project and program is presented in Chapter V of the report.   

9.  Conclusions 

Based upon the information presented in the ESR, a replenishment assessment is necessary in the 
ensuing year to purchase replenishment water to help make up the overdraft and to finance projects 
and programs to perform replenishment and water quality activities.  These actions will ensure 
sufficient supplies of high quality groundwater within the District for the benefit of the residents and 
businesses in the Central and West Coast Basins. 
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Purpose of the Engineering Survey & Report 
To facilitate the Board of Directors' decisions and actions, the Water Replenishment District Act 
requires that an engineering survey and report (“ESR”) be prepared each year.  This Engineering 
Survey and Report 2010 is in conformity with the requirements of Section 60300 et seq. Water 
Replenishment District Act and presents the necessary information on which the Board of Directors 
can declare whether funds shall be raised to purchase water for replenishment during the ensuing 
year, as well as to finance projects and programs aimed at accomplishing groundwater 
replenishment.  With the information in this ESR, the Board can also declare whether funds shall be 
collected to remove contaminants from the groundwater supplies or to exercise any other power 
under Section 60224 of the California Water Code.  The information presented in this report along 
with the District’s strategic planning and budget preparation presents the necessary information on 
which the Board of Directors can base the establishment of a replenishment assessment for the 
ensuing year 2010/2011. 

Scope of Engineering Survey & Report 
This report contains specific information outlined in Chapter I, Part 6 of Division 18 of the Water 
Code (the Water Replenishment District Act, § 60300 and § 60301).  The following is a brief 
description of the contents of this report: 

1) a discussion of groundwater production within the District (Chapter II); 
2) an evaluation of groundwater conditions within the District, including estimates of the annual 

overdraft, the accumulated overdraft, changes in water levels, and the effects of water level 
fluctuations on the groundwater resources (Chapter III); 

3) an appraisal of the quantity, availability, and cost of replenishment water required for the 
ensuing water year (Chapter IV); and  

4) a description of current and proposed programs and projects to accomplish replenishment goals 
and to protect and preserve high quality groundwater supplies within the District (Chapter V). 

Schedule for Setting the Replenishment Assessment 
The following actions are required by the Water Code to set the Replenishment Assessment: 

1) The Board shall order the preparation of the ESR by the second Tuesday in February (see 
Section 60300). 

2) The Board shall declare by resolution whether funds shall be collected to purchase 
replenishment water and to fund projects and programs related to replenishment and/or water 
quality activities by the second Tuesday in March and after the ESR has been completed (see 
Section 60305).  

3) A Public Hearing will be held for the purpose of determining whether District costs will be paid 
for by a replenishment assessment.  The Public Hearing will be opened on or before the second 
Tuesday in April and may be continued from time to time to subsequent Board meetings but will 
be completed by the first Tuesday in May (see Section 60306). 

CHAPTER I 
INTRODUCTION 
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4) The Board by resolution shall levy a replenishment assessment for the ensuing fiscal year by the 
second Tuesday in May (see Sections 60315; 60317). 

Although dates specified in the code refer generally to ‘on or before certain Tuesdays’, the Water 
Code (Section 60043) also states that “Whenever any act is required to be done or proceeding taken 
on or set for a particular day or day of the week in any month, the act may be done or proceeding set 
for and acted upon a day of the month otherwise specified for a regular meeting of the board”.  
Therefore, there is flexibility as to the actual dates when Board actions are taken regarding the ESR, 
adopting resolutions, conducting public hearings, and the setting the replenishment assessment. 

The ESR is completed in March of each year to provide the Board with the necessary information to 
determine whether a replenishment assessment will be needed in the ensuing year to purchase 
replenishment water and to fund projects and programs related to water quality and replenishment 
activities.  However, in the subsequent months leading up to the adoption of the replenishment 
assessment in April or May, new information is normally received that affects the findings presented 
in the March ESR.  This new information is typically related to the price WRD has to pay for 
replenishment water since the rates set by the Metropolitan Water District of Southern California 
(MWD or Met) and the Met-member agencies are not typically finalized until after the March ESR is 
adopted.  The final information used by the Board to adopt the replenishment assessment in April or 
May is reflected in an updated ESR published following the adoption of the replenishment 
assessment.   

The 2010/2011 Replenishment Assessment was adopted by the Board on May 11, 2010 and was set 
at a rate of $205.00 per acre foot of groundwater pumped within the District.  The new rate takes 
effect on July 1, 2010 through June 30, 2011.  This represents a 12.7% increase from the previous 
year’s rate of $181.85 per acre foot.  The increase was due to a large increase in the cost of 
replenishment water that WRD’s purchases from MWD and its member agencies and from the 
County Sanitation Districts of Los Angeles County.  The increase was also due to the continued lack 
of seasonal imported spreading water, necessitating the budgeting for more expensive but more 
available untreated Tier 1 (firm delivery) water from MWD.   

This updated ESR replaces the earlier March 19, 2010 report. 
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Adjudication and Demand 
Prior to the adjudication of groundwater rights in the early 1960s, annual production (pumping) 
reached levels as high as 292,000 AF in the Central Basin (“CB”) and 94,000 AF in the West Coast 
Basin (“WCB”).  This was more than double the natural safe yield of the basins as determined by the 
California Department of Water Resources in 1962 (173,400 AF).  Due to this serious overdraft, 
water levels declined, groundwater was lost from storage, and seawater intruded into the coastal 
aquifers.  To remedy this problem, the courts adjudicated the two basins to put a limit on pumping.  
The West Coast Basin adjudication was set at 64,468.25 acre feet/year (“AFY”).  The Central Basin 
adjudication was set at 271,650 AFY, although the Judgment set a lower “Allowed Pumping 
Allocation” (“APA”) of 217,367 AFY to impose stricter control.  Therefore, the current amount 
allowed to be pumped from both basins is 281,835 AFY (rounded).   

The adjudicated pumping amounts are greater than the natural replenishment of the groundwater 
aquifers, creating an annual deficit or annual overdraft.  WRD is enabled under the California Water 
Code to purchase and recharge additional water to make up the overdraft, which is known as 
artificial replenishment.  WRD has the authority to levy a replenishment assessment on all pumping 
within the District to raise the monies necessary to purchase the artificial replenishment water and to 
fund projects and programs necessary for replenishment and groundwater quality activities.   

Production 
Under the terms of Section 60326.1 of the Water Replenishment District Act, each groundwater 
producer must submit a report to the District summarizing their monthly production activities 
(quarterly for smaller producers).  The information from these reports is the basis by which each 
producer pays the replenishment assessment.  WRD then provides these production data to the State 
Department of Water Resources (“DWR”), which acts as the court-appointed Watermaster in 
connection with the adjudication of the Central and West Coast Basins (“CWCB”). 

Previous Water Year: 
Per the Water Code, WRD tracks and reports on groundwater production (pumping) on a Water Year 
(“WY”) basis covering the time frame of October 1 - September 30 for each year.  For the previous 
WY (2008/2009), groundwater production in both basins totaled 243,402.27 AF (198,156.32 AF in 
CB; 45,245.95 AF in WCB).  This is about 1,329 AF less than the previous water year in total, with 
CB pumping 8,103 AF less than the previous year and WCB pumping 6,774 AF more than the 
previous year.     

Plate 1 illustrates the groundwater production in the CWCB during the previous water year and 
Table A-5 presents historical pumping amounts in the CWCB. 

Current Water Year: 
For the first three months of the current WY (October – December), production was 47,204 AF in 
the CB compared to 44,564 AF the previous year, a 6% decrease attributable to a City of Long 
Beach pumping outage in October.  In the WCB, there was 11,183 AF of production versus 10,638 
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AF in the previous year (a 7% increase).  For estimating year end production, there is escalating 
imported water rates which may drive groundwater production higher but also a continued weak 
economy and water conservation efforts that are making overall water demands less.  Taking these 
into account, it is estimated that the current WY production will total 241,000 AF (195,000 AF in 
CB and 46,000 AF in WCB). 

Ensuing Water Year: 
To estimate production for the ensuing year, averages have generally been used.  Five-year averages 
have been used as good indicators of longer term pumping patterns when conditions are generally 
stable.  Three-year averages have been used when anomalous conditions affected the 5-year results.  
Actual pumping patterns can vary considerably throughout the year based on a pumper’s individual 
operational needs, water demands, and hydrology, making forecasting difficult.  For example, in 
October 2009 the City of Long Beach had an outage causing their pumping to be considerably lower 
than normal (over 2,000 AF), and should not be factored into forecasting.   

Therefore, to estimate the ensuing year’s production, WRD is forecasting 243,000 AF total for both 
basins, representing 198,000 AF in the CB and 45,000 AF in the WCB.  The 198,000 AF in the CB 
represents current trends not including increased amounts due to storage extractions or major 
pumping outages.  The 45,000 in WCB represents the increases seen over the past few years.   

Table 1 shows the groundwater production amounts for the previous, current, and ensuing years. 

Measurement of Production 
With few exceptions, meters installed and maintained by the individual producers measure the 
groundwater production from their wells.  Through periodic testing, DWR as Watermaster verifies 
the accuracy of individual meters and orders corrective measures when necessary.  The production 
of the few wells that are not metered is estimated on the basis of electrical energy consumed by 
individual pump motors, duty of water, or other reasonable means.  

Carryover and Drought Provisions 
The "carryover" of unused rights influences the actual amount of production for any given year.  The 
"carryover" for any single year is 20% of the allotted pumping right in both the Central and West 
Coast Basins.  This provision extends the flexibility with which the pumpers can operate.  
Conversely, the use of rights beyond the annual allotted quantity affects the annual production 
amount in the opposite manner.  The original court adjudication in both basins allows for each 
individual pumper to extract up to 10% beyond their allowable pumping rights within a given year. 

During emergency or drought conditions, WRD can allow under certain conditions an additional 
27,000 AF of extractions for a four-month period (17,000 for Central Basin and 10,000 for West 
Coast Basin).  This provision has yet to be exercised but offers the potential use of an additional 
7.8% for Central Basin and 15% for West Coast Basin pumpers. 
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Introduction 
The California Water Code Section 60300 requires WRD to determine annually in the Engineering 
Survey and Report (“ESR”) the following items related to groundwater conditions in the Central and 
West Coast Basins (“CWCB”):  

1) Total groundwater production for the previous water year and estimates for the current and 
ensuing water years; 

2) The Annual Overdraft for the previous water year and estimates for the current and ensuing water 
years;  

3) The Accumulated Overdraft for previous water year and an estimate for the current water year; 

4) Changes in groundwater levels (pressure levels or piezometric heights) within the District and the 
effects these changes have on groundwater supplies within the District; and  

5) An estimate of the quantity, source, and cost of water available for replenishment during the 
ensuing water year;   

To meet these requirements, WRD’s hydrogeologists and engineers closely monitor and collect data 
to manage the groundwater resources of the District throughout the year.  They track groundwater 
levels from WRD’s network of specialized monitoring wells and from groundwater producers’ 
production wells.  They update and run computer models developed by the United States Geological 
Survey (“USGS”) and others to simulate groundwater conditions and to predict future conditions.  
They use their geographic information system (“GIS”) and database management system to store, 
analyze, map, and report on the information required for the ESR.  They work closely with the Los 
Angeles County Department of Public Works on spreading grounds and seawater barrier wells to 
determine current and future operational impacts to groundwater supplies.  They work closely with 
the Metropolitan Water District of Southern California (“MWD” or “Met”), the local MWD member 
agencies, and the Sanitation Districts of Los Angeles County (“SDLAC”) on the current and future 
availability of supplemental replenishment water.  They also work with regulators on replenishment 
criteria for water quality and recycled water use, and with the groundwater pumpers, the pumpers’ 
Technical Advisory Committee (“TAC”), and other stakeholders to discuss the current and future 
groundwater conditions within the District and in neighboring basins.   

The information on Annual Overdraft, Accumulated Overdraft, water levels, and change in storage 
are discussed in the remainder of this chapter.  Groundwater production was previously discussed in 
Chapter II.  The estimated quantity, source, and cost of replenishment water will be discussed in 
Chapter IV.   

Annual Overdraft 
Section 60022 of the Water Replenishment District Act defines Annual Overdraft as  "...the 
amount...by which the quantity of groundwater removed by any natural or artificial means from the 
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groundwater supplies within such replenishment district during the water year exceeds the quantity 
of non-saline water replaced therein by the replenishment of such groundwater supplies in such 
water year by any natural or artificial means other than replenishment under the provisions of Part 
6 of this act or by any other governmental agency or entity." (Part 6 of the Act pertains to water that 
WRD purchases for replenishment).  Therefore, the Annual Overdraft equals the natural inflows to 
basins (not including WRD purchased water) minus all of the outflows (mostly pumping).  There is 
an Annual Overdraft almost every year for the simple fact that the groundwater extractions typically 
exceed the natural groundwater replenishment.  It has been one of the District's main responsibilities 
since 1959 to help make up this Annual Overdraft by purchasing artificial replenishment water to 
recharge the aquifers and supplement the natural recharge.   

To determine the Annual Overdraft for the previous water year, WRD determines the inflows and 
outflows of the CWCB.  In Water Year 2008/09, natural inflows (storm water capture, areal 
recharge, and underflow) totaled 130,705 AF and WRD or others purchased 61,197 AF of recharge 
water (at barrier wells and spreading grounds).  The total net outflows from the basins were 243,402 
AF from pumping.  The difference between the inflows and outflows was -51,500 AF, which is a 
loss from storage.  The Annual Overdraft is the outflows minus natural inflows, or 112,700 AF.  

For the current and ensuing WY estimates for Annual Overdraft, the concept of “Average Annual 
Groundwater Deficiency” is utilized.  The Average Annual Groundwater Deficiency is the long-term 
average of natural inflows minus total outflows and represents the long term average deficit (Annual 
Overdraft) in the basins.  The development of the USGS/WRD computer model derived these long 
term average inflow and outflow terms.  Table 4 presents this information, which concluded that the 
Average Annual Groundwater Deficiency is 105,385 AFY.  Values of the average deficiency are 
based on the long term (30 year average) inflows and outflows as calculated by the computer model.  
Long-term average inflows are influenced by the amount of precipitation falling on the District as 
well as for storm water capture at the spreading grounds.  Table 5 shows the historical precipitation 
at LACDPW Station #107D, located in Downey near the Montebello Forebay.     

The calculation of the Average Annual Groundwater Deficiency represents in general that WRD 
needs to replenish about 105,385 AFY assuming long-term average conditions for the water balance 
to reach equilibrium, the overall change in storage to equal zero, and groundwater levels to remain 
relatively constant.  As shown in Table 6, adjustments have been made to the long term average 
inflows and outflows for the current and ensuing WY to reflect determine estimates of the Annual 
Overdraft for those years.  Based on these adjustments, the current year Annual Overdraft is 
estimated at 95,800 AF and 97,800 AF for the ensuing year.  The determination of an anticipated 
Annual Overdraft in the ensuing WY gives the District justification under the Water Code to levy a 
replenishment assessment on groundwater production in the ensuing year to purchase artificial 
replenishment water to help make up the annual overdraft.   

Accumulated Overdraft 
Section 60023 of the Water Replenishment District Act defines "Accumulated Overdraft" as "...the 
aggregate amount…by which the quantity of ground water removed by any natural or artificial 
means from the groundwater supplies…during all preceding water years shall have exceeded the 
quantity of nonsaline water replaced therein by the replenishment of such ground water supplies in 
such water years by any natural or artificial means…”  
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In connection with the preparation of Bulletin No. 104-Appendix A (1961), the DWR estimated that 
the historically utilized storage (Accumulated Overdraft) between the high water year of 1904 and 
19571 was 1,080,000 AF (780,000 in CB, 300,000 in WCB).  Much of this storage removal was 
from the forebay areas (Montebello Forebay and Los Angeles Forebay), where aquifers are merged, 
unconfined and serve as the "headwaters" to the confined pressure aquifers.  Storage loss from the 
confined and completely full, deeper aquifers was minimal in comparison or was replaced by 
seawater intrusion, which can not be accounted for under the language of the Water Code since it is 
considered saline water. 

The goal of groundwater basin management by WRD is to ensure a sufficient supply of high quality 
groundwater in the basins for annual use by the pumpers, to keep a sufficient supply in storage for 
times of drought when imported water supplies may be curtailed for several consecutive years as 
well as to keep suitable room available in the basins to receive natural water replenishment in very 
wet years, such as an El Niño type year.  Groundwater storage discussions currently underway in the 
region may also lead to projects that bank water in some of the available storage space in the basins. 

To compute the Accumulated Overdraft since this initial amount, WRD takes each consecutive 
year's Annual Overdraft and replenishment activities and determines the change in storage.  It adds 
to or subtracts the corresponding value from the Accumulated Overdraft.  Since the base level, the 
aggregate excess of extractions over recharge from the basins has been reduced due to the 
replenishment by WRD, the reduction of pumping from the adjudications, and the replenishment 
from seawater barrier injection.  Because of the loss from storage last year of 51,500 AF, the 
Accumulated Overdraft at the end of the previous WY was determined to be 753,300 AF.  For the 
current year, the Accumulated Overdraft is estimated at 749,700 AF.  This could change if 
hydrology or pumping patterns or planned artificial replenishment supplies vary considerably. 

Table 7 presents information for the previous and current Accumulated Overdraft estimate.  The 
annual changes in storage since 1961 are presented on Table 8.   

Groundwater Levels 
A groundwater elevation contour map representing water levels within the District in fall 2009 (end 
of the water year) was prepared for this report and is presented as Plate 2.  The data for the map 
were collected from wells that are screened in the deeper basin aquifers where the majority of 
groundwater pumping occurs.  These deeper aquifers include the Upper San Pedro Formation 
aquifers, including the Lynwood, Silverado, and Sunnyside.  Water level data was obtained from 
WRD’s network of monitoring wells and from groundwater production wells that are screened in the 
deeper aquifers.   

As can be seen on Plate 2, groundwater elevations range from a high of about 170 feet above mean 
sea level (msl) in the northeast portion of the basin above the spreading grounds in the Whittier 
Narrows to a low of about 120 feet below msl in the Long Beach area and about 130 feet below msl 
in the Gardena area.  With the exception of the Montebello Forebay and along the West Coast Basin 
Barrier Project, the majority of groundwater levels in the District are below sea level, which is why 
continued injection at the seawater barriers is needed to prevent saltwater intrusion.   

                                                      
1 DWR Bulletin 104-A did not refer to the ending year for the storage determination.  WRD has assumed it to be the year 
1957, as this is the end year for their detailed storage analysis presented in Bulletin 104-B – Safe Yield Determination. 
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Plate 2 also shows the location of the key wells used for long-term water level data.  These long-
term hydrographs have been presented in the ESR for years, and provide a consistent basis from 
which to compare changing water levels.  A discussion of water levels observed in the key wells is 
presented below. 

Los Angeles Forebay 
The Los Angeles Forebay occupies the westerly portion of the Central Basin Non-Pressure Area.  
Historically a recharge area for the Los Angeles River, this forebay's recharge capability has been 
substantially reduced since the river channel was lined.  Recharge is now limited to deep percolation 
of precipitation, in-lieu when available, subsurface inflow from the Montebello Forebay, the 
northern portion of the Central Basin outside of WRD's boundary, and relatively small amounts from 
the San Fernando Valley through the Los Angeles Narrows. 

Key well 2S/13W-10A01 represents the overall water level conditions of the Los Angeles Forebay 
(see Figure B).  The water level high was observed in 1938 and by 1962 water levels had fallen 
nearly 180 feet due to basin over-pumping and lack of sufficient natural recharge.  Since then, basin 
adjudication and artificial replenishment by WRD have improved water levels in this area by over 80 
feet.  Over the past 7 years, groundwater levels in this well have remained relatively constant with 
only minor fluctuations.  This past year saw a rise of about 2 feet.   

For the current water year, rainfall is 8% above normal.  This plus a pumping decrease and the 
spreading of untreated Tier 1 (firm delivery) imported water in the Montebello Forebay are expected 
to cause water levels in the Los Angeles Forebay to rise.     

Montebello Forebay 

The Montebello Forebay lies in the northeastern portion of the Central Basin and connects with the 
San Gabriel Basin to the north to the Central Basin via the Whittier Narrows.  The Rio Hondo and 
San Gabriel River Spreading Grounds in the forebay provide the vast majority of surface recharge to 
the Central Basin aquifers.  Three key wells help describe the water level conditions in the 
Montebello Forebay, a northern well, middle well, and southeastern well (Plate 2): 

• Well 2S/11W-18C07 (WRD Monitoring Well Pico#1, Zone 4) is in the northern part of the 
Montebello Forebay.  It replaces the earlier production well 2S/11W-18K02 that had been used 
for over 50 years but has been destroyed.  The upper chart on Figure C shows the water levels 
for this well.  At the end of water year 2008/2009, groundwater levels in this well were 15 feet 
lower than the previous year due to lack of imported water for replenishment and a dry year.  

• Well 2S/12W-24M08 (LACDPW Well No. 1601T) is centrally located between the two 
spreading grounds.  This well is monitored weekly by WRD to assess water levels in the forebay 
and as an indicator for the need to purchase replenishment water.  The middle chart on Figure C 
shows the water levels for this well.  The historic water level high was observed in 1942, but by 
1957 had fallen 117 feet to an all-time low due to basin over-pumping and insufficient natural 
recharge.  As described above for the Los Angeles Forebay, adjudication of pumping rights and 
artificial replenishment water by WRD helped restore water levels in the Montebello Forebay.  
At the end of WY 2008/2009, groundwater levels in this well were 11 feet lower than the 
previous year and reached a 32-year low due to the below normal recharge from lack of imported 
spreading water and a dry year.     
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• Well 3S/12W-01A06 (LACDPW Well No. 1615P) is located downgradient and southeast of the 
spreading grounds near the southern end of the Montebello Forebay and the water level 
responses in this well are less pronounced than the other two wells because it is further from the 
spreading grounds and the recharge that occurs there.  The lower chart on Figure C shows the 
water levels for this well.  At the end of water year 2008/09, groundwater levels in this well were 
8 feet lower than the previous year due to below normal recharge from lack of imported 
spreading water and a dry year.   

• For the current water year, rainfall is 8% above normal.  This plus a pumping decrease and the 
spreading of untreated Tier 1 (firm delivery) imported water in the Montebello Forebay are 
expected to cause water levels to rise. 

Central Basin Pressure Area 
The District monitors key wells 4S/13W-12K01 (LACDPW No. 906D) and 4S/12W-28H09 
(LACDPW No. 460K) which represent the conditions of the pressurized groundwater levels in the 
Central Basin Pressure Area.  The hydrographs for these two wells are shown on Figure D.  

Groundwater highs were observed in these wells in 1935 when they began to continually drop over 
110 feet until their lows in 1961 due to the over-pumping and insufficient natural recharge.  
Groundwater levels recovered substantially during the early 1960s as a result of replenishment 
operations and reduced pumping.  Between 1995 and 2007 there have been 100-foot swings in water 
levels each year from winter to summer.  These swings were due to pumping pattern changes by 
some of the Central Basin producers who operate with more groundwater in the summer months and 
less groundwater in the winter months, and took advantage of the MWD and WRD In-Lieu program.  
However, since May 2007 the In-Lieu water has not been available, so pumping has remained more 
constant throughout the year and water levels remain depressed as shown in the two hydrographs.   

At the end of WY 2008/09, water levels in well 4S/13W-12K01 were 12 feet lower than the previous 
year, and well 4S/12W-28H09 was 10 feet lower than the previous year.  Water levels in the CB 
Pressure area are expected to rise somewhat as continued conservation efforts reduce overall water 
demand.   

West Coast Basin 
The West Coast Basin is separated from the Central Basin by the Newport-Inglewood Uplift which 
is a series of discontinuous, subparallel hills and faults that act as a partial barrier to groundwater 
flow.  Groundwater moves across the uplift from one basin to the other based on water levels on 
either side of the uplift.   

Figure E shows the hydrographs of key wells 3S/14W-22L01 (LACDPW No. 760C) and 4S/13W-
21H05 (LACDWP No. 869).  These two wells represent the general conditions of the water levels in 
the West Coast Basin.  In 1955, the control of groundwater extractions in the West Coast Basin 
resulted in stabilizing and reversal of the declining water levels in the center of the basin (well 
3S/14W-22L01), whereas at the eastern end near the Dominguez Gap Barrier water levels continued 
to decline until about 1971, when a recovery began due mostly to the startup of the Dominguez Gap 
Barrier Project.  For the previous year 2008/2009, water levels in both wells were a generally lower 
by a couple feet, possibly due to the increased pumping in the West Coast Basin.  Water levels in the 
West Coast Basin are expected to decline a couple more feet as pumping is higher in the current year 
than in the previous year.   
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Plate 3 shows the water level changes over the entire CWCB over the previous water year.  Because 
of the dry year and lack of imported replenishment water, the Central Basin experienced water level 
declines over 15 feet.  The West Coast Basin was less impacted because the inflows generally 
matched the outflows in the western half of the basin, but in the eastern have drawdowns over 10 
feet were observed.   

Based on the groundwater levels observed over various areas of the Central and West Coast Basins 
and the projections for the current and ensuing year, the District anticipates no problems in having 
adequate groundwater supplies to meet the demands of the groundwater pumpers in the immediate 
future.   

Change in Storage 
The District determines the change in storage by comparing water levels from one year to the next.  
Rising water levels means an increase in groundwater storage and a drop in water levels means a 
decrease in storage.  Using water level elevation data collected from WRD's monitoring well 
network and selected production wells, the District constructs a water level change map from one 
year to the next (Plate 3).  The data from this map are multiplied by the storage coefficient values 
for the aquifers as obtained from the USGS calibrated model of the District to produce the change in 
storage.   

As reported in the Annual Overdraft discussion, the change in storage in WY 2008/2009 was 
approximately 51,500 AF.  Over the past 10 years, there have been two years of gaining storage and 
8 years of losing storage, with the average loss from storage at 17,100 AFY, or 171,000 AF loss over 
10 years.  This is a considerable amount of storage loss and is attributable to dry years and lack of 
replenishment water.  But, the groundwater basins can act as a reservoir, draining in times of drought 
and rising in times of surplus.  The District monitors these changes and compares it to its defined 
Optimum Groundwater Quantity, as described below.   

For the current water year, rainfall is 8% above normal.  This plus a pumping decrease and the 
spreading of untreated Tier 1 (firm delivery) imported water in the Montebello Forebay are expected 
to cause water levels in much of the basins to rise resulting in a gain in the amount of groundwater in 
storage.  Table 8 provides the historical tracking of storage changes in the CWCB.  

Optimum Groundwater Quantity 

In response to a 2002 State audit of the District’s activities, the Board of Directors adopted an 
Optimum Quantity for groundwater amounts in the Central and West Coast Basins.  The Optimum 
Quantity is based on the Accumulated Overdraft (AOD) concept described in the Water Code and in 
this ESR.  The historic maximum groundwater drawdown due to over pumping reported in the 
CWCB between 1904 and 1957 was 1,080,000 AF.  This is defined as the historic maximum AOD.  
As pumping eased and artificial replenishment occurred, more water was put back into the basins 
and the AOD was reduced resulting in rising water levels.   
 
After considerable analysis and discussion, on June 18, 2003 the Board of Directors adopted the 
Optimum Quantity for the CWCB at an AOD of 400,000 AF, or 680,000 AF on top of the historic 
maximum AOD.  The adopted value was based on the amount of groundwater necessary to meet the 
pumpers' demands in a worst case scenario of a major 3-year major drought where pumping would 
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be maximized due to a lack of MWD water and replenishment at the spreading grounds and other 
means is at a minimum. 
 
In 2003 through 2006, however, new discussions were being held by the local water community on 
groundwater storage opportunities within the District.  The original derivation of the Optimum 
Quantity of AOD = 400,000 AF did not take into full account storage projects.  If this Optimum 
Quantity were fully realized, there would not be enough storage space in the aquifers for large 
storage projects.  Therefore, to utilize the groundwater basins for both endeavors, the Board of 
Directors on April 19, 2006 established a new Optimum Quantity at an AOD of 612,000 AF.  This 
value was based on an extensive review of over 70 years of water level fluctuations in the District 
and recognizing that in the year 2000, groundwater amounts were at a healthy quantity to sustain the 
adjudicated pumping rights in the basins.  The AOD in the year 2000 was 612,000, and therefore 
was set by the Board of Directors as the new Optimum Quantity. 

The Board of Directors at that April 19, 2006 meeting also adopted a policy to make up the 
Optimum Quantity should it fall too low.  The policy is as follows: 

 

An Accumulated Overdraft greater than the Optimum Quantity is a deficit.  WRD will make 
up the deficit within a 20 year period as decided by the Board on an annual basis.  If the 

deficit is within 5 percent of the Optimum Quantity, then no action needs to be taken to allow 
for natural replenishment to makeup the deficit. 

 

Since the end of WY 1999/2000, a total of approximately 141,300 AF have been lost from storage, 
brining the AOD down to 753,300.  Based on the adopted policy, the Board will be considering 
options to make up the AOD and return the basin to the Optimum Quantity over a period of time. 
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As discussed in the previous chapter, the Central and West Coast Basins have an annual overdraft 
because more groundwater is pumped out than is replaced naturally.  The District purchases 
supplemental water (artificial replenishment water) each year to help offset this overdraft.  The 
purchased water enters the groundwater basins at the Montebello Forebay spreading grounds, at the 
seawater barrier injection wells, and through the District's In-Lieu Program.  The purpose of this 
Chapter is to determine the quantities of water needed for purchase in the ensuing year and to 
determine the availability and cost of that water.   

The District currently has available to it recycled and imported water sources for use as artificial 
replenishment water.  These two sources are described below:   

• Recycled Water:  Recycled water is wastewater from the sewer systems that is reclaimed through 
extensive treatment at water reclamation plants (“WRP”s).  The water is treated to high quality 
standards so that it can be reused safely.  Some agencies and businesses use recycled water for 
non-potable purposes, such as for irrigation of parks, golf courses, and street medians, or for 
industrial purposes.  WRD uses recycled water for groundwater recharge since 1962.  In semi-
arid areas such as Southern California where groundwater and imported water are in short 
supply, recycled water has proven to be a safe and reliable additional resource to supplement 
the water supply.  Recycled water is used at the spreading grounds and the seawater barrier 
wells.  Although recycled water is high quality, relatively low cost, and a reliable supply all year 
long, the District is limited by regulatory agencies in the amount it can use for replenishment.  
Therefore, imported water is also used for recharge.  

• Imported Water:  This source originates from northern California (State Water Project) and the 
Colorado River and is brought to the District by the Metropolitan Water District of Southern 
California (“MWD” or “Met”).  Raw (untreated), surplus imported water is used at the 
spreading grounds whereas potable imported water is used at the seawater intrusion barriers 
and for the in-lieu program.  Because of treatment and transportation costs, it is the most 
expensive source for recharge water.  The supply is under full upstream control, and its 
availability at the spreading grounds is limited and variable, especially during drought years.  In 
fact, since May 2007 MWD has stopped delivery of this water for replenishment and In-Lieu and 
the availability for 2010/2011 is questionable due to continued drought and Bay Delta issues.   

Recommended Quantities of Replenishment Water 
With information presented in the preceding chapters regarding the basins' pumping demands and 
the overall condition of the groundwater basins, WRD can estimate its projected need for 
replenishment water in the ensuing year.  

Spreading 
Groundwater recharge through surface spreading occurs in the Montebello Forebay Spreading 
Grounds adjacent to the Rio Hondo and the San Gabriel River, within the unlined portion of the San 
Gabriel River, and behind the Whittier Narrows Dam in the Whittier Narrows Reservoir.  Owned 
and operated by the Los Angeles County Department of Public Works (“LACDPW”), they were 
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originally constructed in 1938 for flood control and conservation of local storm water, but have been 
used since the 1950s to replenish the basins with imported water and since 1962 with recycled water.   

Since recycled water is a high quality, less expensive, and available year-round source of 
replenishment water, the District maximizes its use within established regulatory limits.  These 
limits are discussed below under “Expected Availability of Replenishment Water”.  In general, the 
District plans on purchasing 50,000 AF in the ensuing year to maximize the amount under regulatory 
limits, unless lack of dilution water (storm water and imported water) causes a reduction in the 
recycled water amounts.   

Additional replenishment water is needed beyond the 50,000 AFY of recycled water and will have to 
come from the purchase of imported water from MWD.  In 2003, the WRD Board adopted the long 
term average of 27,600 AFY of imported water to purchase for spreading.  This value was based on 
long-term (30 year) averages of the overall water budget of the basins using the USGS computer 
model.  The 2003 ESR discusses the derivation of this value in more detail.   

Since that time, the District has invested in cooperative projects with the LACDPW to capture more 
storm water and to lessen the need for imported water as part of WRD’s Water Independence Now 
program, or WIN.  Improvements to the Whittier Narrows Conservation Pool are expected to 
conserve an additional 3,000 AFY of storm water on average.  Two new rubber dams were built in 
the San Gabriel River near Valley Boulevard and are expected to conserve an additional 3,600 AFY 
on average.  Therefore, the new Long Term Average for imported spreading demands is 21,000 
AFY.  This amount plus the recycled demand cited earlier brings the total WRD basic spreading 
needs for the ensuing year to 71,000 AF.   

In addition, supplemental water may be needed to make up the deficit in the Optimum Quantity 
discussed at the end of Chapter 3.  WRD’s Water Resources Committee has been discussing this 
topic.  Per the Board’s policy in 2006, the District would attempt to make up the Optimum Quantity 
deficit over a 20-year period.  Much of this deficit, however, could be made up by rainfall if a few 
extremely wet years would occur.  Over the past 3 years, there has been a shortage of about 41,000 
AF of imported water that the District has been unable to purchase due to the MWD cutoff.  Making 
this up over a 20-year period would require approximately 2,000 AFY of additional imported water.  
For 10-years it would take 4,000 AFY.  The Water Resources Committee continued to discuss 
possible makeup options for the Optimum Quantity deficit. 

Table 9 presents the currently anticipated imported water replenishment needs.  

Injection 
Another way of replenishing the groundwater supply is to inject water at the three seawater intrusion 
barriers owned and operated by the LACDPW, including the West Coast Basin Barrier, Dominguez 
Gap Barrier, and Alamitos Barrier.  Although the primary purpose of the barriers is for seawater 
intrusion control, groundwater replenishment also occurs as the freshwater is injected into the 
CWCB aquifers and then moves inland towards pumping wells.  

To determine the amount of barrier water estimated for the ensuing year, WRD under an Agreement 
with LACDPW gets annual estimates from the expected demand at the barriers.  WRD reviews these 
estimates and makes adjustments as necessary.  For 2010/2011, no adjustments were made to 
estimates provided by the LACDPW.   
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For the West Coast Basin Barrier Project 16,000 AF are estimated of which half will be recycled 
water and half will be imported water.  For the Dominguez Gap Barrier Project 8,000 AF are 
estimated, with half recycled and half imported.  For the Alamitos Barrier 4,400 AF are estimated 
with 2,100 AF recycled and 2,300 AF imported.   

The total barrier demand forecast for the ensuing year is 28,400 AF (Table 9), or 14,100 AF 
recycled and 14,300 AF imported. 

In-Lieu Replenishment Water 
The basic premise of WRD’s In-Lieu Program is to offset the pumping in the basin to lower the 
annual overdraft and reduce the artificial replenishment needs.  It helps provide an alternate means 
of replenishing the groundwater supply by encouraging basin pumpers to purchase surplus imported 
water when available instead of pumping groundwater.  This can help raise water levels in areas that 
are otherwise more difficult to address.  Since May 2007, the In-Lieu water has not been made 
available by MWD due to water shortages.  However, WRD has planned for it in case the water 
became available.  If monies raised go unspent, they are placed in a water purchase reserve for 
subsequent year water purchases.   

For the ensuing year, the pumper’s Technical Advisory Committee (“TAC”) recommended 
budgeting for the In-Lieu Program and the Board of Directors agreed when they adopted the 
2010/2011 budget and established the Replenishment Assessment on May 11, 2010.  Therefore, for 
the ensuing year 2010/2011, WRD has budgeted 10,303 AF for the In-Lieu program (6,000 AF in 
the Central Basin and 4,303 AF in the West Coast Basin).   

Expected Availability of Replenishment Water 
The availability of water supplies for the ensuing water year has been taken into account when 
determining how funds should be raised.  If a particular resource is expected to be unavailable 
during a given year, money can still be raised to fund the purchase of that quantity of water in a 
succeeding year.   

The Water Resources Committee has been discussing potential water purchase scenarios for the 
ensuing year, recognizing the unique circumstances of water availability, 30-year water level lows, 
significant deficit in the Optimum Quantity, lack of traditional spreading and In-Lieu water, and 
recycled water permitting requirements and availability.  They developed the following scenarios: 

 
Option Water Variable for Ensuing Year  

A) Baseline (normal): seasonal spreading, 75% recycled at WCBBP, In-Lieu, no Optimum Quantity 

B) Untreated Tier 1 for spreading, 50% recycled at WBBP, No-In Lieu, no Optimum Quantity 

C) Same as B) with addition of 2,000 AF Tier 1 for Optimum Quantity Makeup 

D) Same as B) with addition of 4,000 AF Tier 1 for Optimum Quantity Makeup 

E) Same as B) with addition of In Lieu Program 

F) Same as B) with addition of In Lieu and 2,000 AF Tier 1 Optimum Quantity 

G) Seasonal spreading, 50% recycled at WB, no In Lieu, no Optimum Quantity 
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The pumpers Technical Advisory Committee met on March 18, 2010 and recommended Option E.  
The WRD Board agreed when they adopted the 2010/2011 budget and established the 
Replenishment Assessment on May 11, 2010.  Therefore, the values used on Tables 1 and 2 of the 
ESR use Option E since these were the final adopted values.  

Recycled Water 
Recycled water is reliable all year round but its use is capped by regulatory limits.  The current 
limits for recycled water spreading in the Montebello Forebay are established by the California 
Regional Water Quality Control Board (RWQCB) and are detailed in Order No. 91-100 adopted on 
September 9, 1991, and amendments made on April 2, 2009 under Order No. R4-2009-0048.  The 
District is limited to spreading 35% recycled water over a 5-year period based on the total inflow of 
all waters into the Montebello Forebay, meaning that at least 65% of the waters entering the forebay 
must be dilution waters such as storm water, underflow, rainfall, and imported water.  As these 
dilution sources become scarce due to dry years or continued lack of imported replenishment water, 
the amount of recycled water will have to be reduced to maintain the 35% regulatory cap. 

The Sanitation Districts of Los Angeles County (SDLAC) provides the recycled water to WRD for 
spreading by LACDPW.  This water comes from the Whittier Narrows Water Reclamation Plant 
(“WNWRP”), San Jose Creek Water Reclamation Plant (“SJCWRP”), and Pomona Water 
Reclamation Plant (“PWRP”).  WRD purchases water from the WNWRP and SJCWRP, whereas the 
water from the PWRP is considered incidental recharge and is not purchased.  For planning 
purposes, the District assumes a total of 50,000 AFY for spreading of recycled water each year to 
meet the regulatory cap.  Table 2 shows the breakdown amounts for these purchases. 

Recycled water for injection into the seawater barrier wells comes from different agencies depending 
on the specific barrier.  At the WCBBP, the water is provided by WBMWD's Edward C. Little 
Water Recycling Facility.  Per regulatory limits, this resource can provide up to 75% of the water 
injected into the West Coast Basin Barrier with an increase up to 100% being planned.  Because of 
recent influent water quality issues at the plant, only about 50% recycled water has been provided 
with 50% imported water making up the difference.  Since 16,000 AF is anticipated for the ensuing 
year, 8,000 AF will be recycled and 8,000 AF imported.      

Recycled water for the DGBP is available from the City of Los Angeles’ Terminal Island Treatment 
Plant (Harbor Recycled Water Project).  The plant is permitted to provide the barrier with up to 5 
million gallons per day (mgd) or 5,600 AFY, or 50% of the total barrier supply, whichever is less.  
Since 8,000 AF is anticipated for the ensuing year, 4,000 AF will be recycled water and 4,000 AF 
will be imported water.  

Recycled water for the ABP is available from WRD's Leo J. Vander Lans Water Treatment Facility.  
This treatment plant is permitted to provide up to 50% of barrier water with recycled water with the 
remainder being imported.  Since 4,400 AF is anticipated for the ensuing year, 2,100 AF will be 
recycled and 4,300 AF imported.  This is not quite a 50/50 blend based on past operational 
conditions and occasional plant outages for maintenance. 

Imported Water 
All indications from MWD are that seasonal spreading water and In-Lieu water will once again not 
be available in the ensuing year due to drought, environmental issues, and judicial decisions on the 
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Bay Delta.  As imported deliveries are cut back during dry years or with climate change or extended 
periods of drought, WRD may need to look at other sources for replenishment water, such as 
increased used of recycled water and storm water, or purchasing more expensive but more available 
imported water such as untreated Tier 1 (firm delivery) water.  This has occurred in the current year, 
where WRD purchased 5,991 AF from the City of Long Beach and 20,295 AF from CBMWD for 
spreading.  The TAC recommended and the WRD Board approved budgeting for untreated Tier 1 
water in the ensuing year since the seasonal water will likely be unavailable.   

For the imported water used for injection at the seawater barrier wells, the District pays the premium 
price for “non-interruptible” water meaning that it will be available all year long with the possible 
exception that MWD could invoke a Water Allocation Plan to ration available supplies to all users if 
there is a severe drought.  Because of the increasing water costs at the barriers, the District is looking 
at ways to minimize costs such as reduction of pumping near the barriers, increased recycled water 
to offset imported water, or banking water at lower seasonal rates.  At the ABP, the City of Long 
Beach and WRD have entered into an agreement to bank seasonal treated water through inland 
injection wells and then extract the water for injection at the barriers, thus saving considerable costs 
on barrier water.  However, because MWD has halted the availability of seasonal water, the amount 
remaining in the bank (about 2,000 AF) has been put on hold and treated Tier 1 water is being 
purchased.  When seasonal water becomes available again, the storage bank will be refilled.   

Projected Cost of Replenishment Water 
WRD has estimated it will need 109,703 AF of replenishment water in the ensuing year.  The MWD 
and their member agencies, and the SDLAC set the price for the replenishment water WRD buys for 
the replenishment at the spreading grounds, barrier wells, and In-Lieu, and are a direct pass-through 
on WRD’s replenishment assessment.   

MWD and their member agencies have recently set their new prices for water for the ensuing year 
and had considerable increases that will impact WRD and the pumpers.  These increases are due to 
the State’s water crisis including drought, environmental concerns, energy concerns, and reductions 
in water purchases through conservation and the continued poor economy, as well as increases in 
costs for water quality treatment.  WRD’s Water Resources Committee evaluated numerous options 
for the budgeting of water for the ensuing year as follows:  

Option Water Cost Variable for Ensuing Year  Water Cost 
(estimated) 

n/a Cost for Water in Current Year for use as Comparison $ 28,815,746 

A) Baseline: seasonal spreading, 75% recycled at WBBP, In-Lieu, no Optimum Quantity $ 33,296,025 

B) Untreated Tier 1 spreading, 50% recycled at WBBP, No-In Lieu, no Optimum Quantity $ 34,051,110  

C) Same as B with addition of 2,000 AF Tier 1 for Optimum Quantity $ 35,352,110  

D) Same as B with addition of 4,000 AF Tier 1 for Optimum Quantity $ 36,653,110  

E) Same as B with addition of In Lieu $ 38,106,991  

F) Same as B with addition of In Lieu and 2,000 AF Tier 1 Optimum Quantity $ 39,054,025  

G) Seasonal spreading, 50% recycled at WB, no In Lieu, no Optimum Quantity $ 31,132,110  
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The pumpers Technical Advisory Committee met on March 18, 2010 and recommended Option E.  
The WRD Board agreed when they adopted the 2010/2011 budget and established the 
Replenishment Assessment on May 11, 2010.  Therefore, the values used on Tables 1 and 2 of the 
ESR use Option E since these were the final adopted values.  

Recycled Water Rates 
Under an interim contract, the current price for recycled water from the WNWRP is $7.00/AF.  The 
unit cost of recycled water from the SJCWRP is adjusted every three-years based on an agreement 
between WRD and the SDLAC.  In January 2007, the new three year period commenced with the 
price going down from $21.31/AF to $20.66/AF.  However, WRD was recently notified by the 
SDLAC that this was an incorrect calculation and that is should have been $27.65/AF and will be 
assessing a makeup fee for the difference ($228,898 per year for 3 years).  In addition, the new 3-
year rate starting January 2010 is $34.40/AF.  

At the WCBBP, the cost of recycled water from WBMWD is expected to increase from $458/AF to 
$540/AF based on a new agreement between WBMWD and WRD for long term reliability of the 
water.   

At the DGBP, the rate for recycled water from the Terminal Island Treatment Plant will cost 
$431/AF from the City of Los Angeles.  This is a guaranteed rate for the first 5 years of the project, 
and is good until 2011.   

For recycled water at the ABP from the Leo J. Vander Lans Water Treatment Facility, WRD has 
determined that the cost of water to the District will be $406/AF, which represents the operations 
and maintenance costs of the treatment plant less the MWD rebate.  However, this cost is 
incorporated into the District's budgeting for the operations and maintenance costs for the facility 
(WRD Project #001), and therefore is deducted from the cost of water shown on Table 2.  

Imported Water Rates 
WRD cannot buy directly from MWD because it is not a member agency.  The District, therefore, 
purchases water from MWD member agencies such as the CBMWD, WBMWD, and the City of 
Long Beach for the spreading grounds, barrier wells, and In-Lieu.  The cost of replenishment water 
to WRD is the MWD rate plus any surcharges added by the MWD member agencies.   

MWD has made increases in their water rates due to the State’s water crisis including drought, 
environmental concerns, energy concerns, water quality treatment, and reductions in water purchases 
through conservation and the continued poor economy.  The base commodity rate (without member 
surcharges) for untreated Tier 1 (firm delivery) water that WRD will use for spreading in the ensuing 
year will increase from $484/AF to $527/AF (9% increase).  For seawater barrier injection water 
(treated Tier 1 firm delivery water) the rate will increase from $701/AF to $744/AF (6% increase).  
The switching from seasonal water to untreated Tier 1 water also has a large cost impact, with the 
prices rising from $366/AF to $527/AF (44% increase). 

Met-member agencies also add surcharges on top of the MWD rates.  WBMWD and CBMWD have 
administrative surcharges and water service charges.  These costs and all water costs are shown on 
Tables 1 and 2.   
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In-Lieu Rates 
The WRD Board of Directors sets the In-Lieu program and rates.  For 2010/2011, the Board adopted 
the rates on May 11, 2010, as shown on Tables 1 and 2.    Any unused portion will go into the water 
purchase reserve for subsequent water purchases. 

Summary 
Based on the pricing structures discussed earlier in this Chapter and on the quantities of water 
forecast for purchase in the ensuing year, WRD estimates that the cost to purchase 109,703 AF of 
replenishment water will be $38,106,991.  Tables 1 and 2 presents the detailed breakdown of these 
costs for Option E, which was supported by the TAC and adopted by the WRD Board.   

These estimated costs are for water purchases only.  They do not include the additional costs for the 
projects and programs needed to replenish the basins and to protect groundwater quality.  Those 
projects and programs are discussed in the next chapter and their costs were presented in the 
District's separate annual budgeting process that culminated in the Board’s adoption of the 
Replenishment Assessment for FY 2010/2011 on May 11, 2010 at a rate of $205/AF pumped.  
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California Water Code Sections 60220 through 60226 describe the broad purposes and powers of the 
District to perform any acts necessary to replenish, protect, and preserve the groundwater supplies of 
the District.  In order to meet its statutory responsibilities, WRD has instituted numerous projects 
and programs in a continuing effort to effectively manage groundwater replenishment and 
groundwater quality in the Central and West Coast Basins (“CWCB”).  These projects and programs 
include activities that enhance the replenishment program, increase the reliability of the groundwater 
resources, improve and protect groundwater quality, and ensure that the groundwater supplies are 
suitable for beneficial uses. 

These projects and programs have had a positive influence on the basins, and WRD anticipates 
continuing these activities into the ensuing year.  The following is a discussion of the projects and 
programs that WRD intends to continue or initiate during the ensuing year. 

001 – Leo J. Vander Lans Water Treatment Facility Project  
The Leo J. Vander Lans Water Treatment Facility provides advanced treated recycled water to the 
Alamitos Seawater Intrusion Barrier.  The facility receives tertiary-treated water from the Sanitation 
Districts and provides the advanced treatment through a process train that includes microfiltration, 
reverse-osmosis, and ultraviolet light.  The facility’s operations permit was approved by the Los 
Angeles Regional Water Quality Control Board on September 1, 2005, and the replenishment 
operations of this facility started in October 2005. The product water has since been discharging to 
the barrier to replace up to 50% of the potable imported water currently used, thereby improving the 
reliability and quality of the water supply to the barrier.  The plant is designed to produce 
approximately 3,000 AFY for delivery to the barrier.  Studies are underway to potentially expand the 
capacity of the facility so that it can provide up to 100% of the barrier water demands thereby 
eliminating the need for the imported water. The Long Beach Water Department (LBWD) is 
responsible for operation and maintenance of the treatment plant under contract with WRD.  
Expected costs for the coming year will primarily involve operating and maintaining the plant 
through the LBWD contract as well as meeting groundwater monitoring requirements from the 
permit to inject recycled water at the barrier.  Because the primary purpose of this project is to 
provide a more reliable means of replenishing the basin through injection, 100% of the costs are 
considered to be drawn from the Replenishment Fund. 

002 – Robert W. Goldsworthy Desalter Project 

The Robert W. Goldsworthy Desalter has been operating since 2002 to remove brackish 
groundwater from a saline plume in the Torrance area that was stranded inland of the West Coast 
Basin Barrier after the barrier was put into operation in the 1950s and 1960s.  The production well 
and desalting facility are located within the City of Torrance, and the product water is delivered for 
potable use to the City’s distribution system.  The treatment plan capacity is about 2,200 AFY. 

As with the Vander Lans facility, future costs for this project will involve O&M activities and 
replacement costs.  The purpose of the desalter is directly related to remediating degraded 
groundwater quality, and costs are thus attributed 100% to the Clean Water Fund. 

CHAPTER V 
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Additional measures may be necessary in the future to fully contain and remediate the saline plume, 
which extends outside of the Torrance area.  WRD is actively pursuing long-term solutions to this 
problem and continues to work with the City of Torrance Municipal Water Department, the 
pumpers’ Technical Advisory Committee, and other stakeholders on the future of the saline plume 
removal in the West Coast Basin. 

004 – Recycled Water Program 
Recycled water (reclaimed municipal wastewater) has been used for groundwater recharge by WRD 
since 1962.  Using recycled water to replenish the groundwater basins provides a reliable source of 
high quality water for surface spreading in the Montebello Forebay and injection at the seawater 
intrusion barriers.  In view of the drought conditions that periodically occur in California and 
uncertainty in the future availability of imported supplies, this resource has become increasingly 
vital and essential as a replenishment source. 

WRD participates in various activities to ensure that the use of recycled water continues to be safe 
and reliable for groundwater recharge.  WRD, along with other stakeholders, is working closely with 
the California Department of Public Health (“CDPH”) to revise regulations on groundwater recharge 
using recycled water.  Through this dialogue, WRD and CDPH exchange information and develop a 
mutual understanding of each agency’s perspectives.   

From an operational standpoint, the District continues to coordinate with the Sanitation Districts of 
Los Angeles County with permit compliance activities, including groundwater monitoring and 
reporting, to ensure that the current practice and operation of replenishing with recycled water 
continues to be safe.  Many monitoring wells and production wells are sampled frequently by WRD 
staff, and the results are reported as required to the regulatory agencies.   

In addition to regular monitoring and sampling around the spreading grounds, WRD is partnering 
with others to more fully investigate the effectiveness of soil aquifer treatment (“SAT”) during 
percolation.  Research is being conducted by specialists and experts and includes specific tests to 
characterize the percolation process and quantify the filtering and purifying properties of the 
underlying soil on constituents of concern such as nitrogen, total organic carbon, and emerging 
contaminants.  More recently, the District is participating in a study through the WateReuse 
Foundation to compare the relative risks of water supplies that contain a portion of recycled water 
after SAT with water supplies that do not and found that there are no significant differences.  In 
addition, the Colorado School of Mines completed an investigation that studied the effectiveness of 
SAT in removing organic carbon after recycled water percolates through the soil, which serves as a 
surrogate for potentially harmful contaminants, and compared it with percolation of drinking water 
and characterized similarities and differences.   The District continues to be vigilant in monitoring 
research on the detection, significance, and treatment of emerging contaminants, such as 
pharmaceuticals and personal care products.  

Tracer studies to verify travel time estimates from the spreading facilities to neighboring production 
wells were completed in mid-2006. It was shown that the depth to the screens of these wells was a 
more significant factor than horizontal distances between the spreading facilities and the wells.  
Also, travel time increased in one well after its well screen was sealed at shallow depths, thereby 
restricting flow into the well only from deeper aquifers.  Based on modifications to a production well 
in 2009 in an attempt to increase travel time, the tracer test is being repeated in 2010.  These efforts, 
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in addition to periodic studies assessing health effects and toxicological issues, are necessary to 
provide continued assurances that recycled water for groundwater recharge remains safe and 
compliant with regulatory standards in the local basins.   

Recycled water is also injected into the three seawater intrusion barriers in Los Angeles County 
(Alamitos, West Coast Basin, and Dominguez Gap).  Work associated with the use of recycled water 
at those facilities is maintained under the specific project (e.g., Leo J. Vander Lans Water Treatment 
Facility) that delivers that resource to the barriers or under the program related to recycled water use 
at the specified barrier. 

Projects under this program help to improve the reliability and utilization of an available local 
resource.  This resource is used to improve replenishment capabilities and is thus funded 100% from 
the Replenishment Fund.  

005 – Groundwater Resources Planning Program 
The Groundwater Resources Planning Program was instituted to evaluate basin management issues 
and to provide a means of assessing project impacts over the Central and West Coast Groundwater 
Basins.  Prior to moving forward with a new project, an extensive evaluation is undertaken.  Within 
the Groundwater Resources Planning Program, new projects and programs are analyzed based on 
benefits to overall basin management.  This analysis includes performing an extensive economic 
evaluation to compare estimated costs with anticipated benefits.  As part of this evaluation process, 
all new capital projects are brought to the District’s Technical Advisory Committee for review and 
recommendation 
 
The past several years have focused on the potential groundwater storage capabilities of the two 
basins.  This year, the District will continue to work closely with basin stakeholders to finalize the 
framework for the implementation of storage projects. 
 
Under this program, District staff will continue to monitor State and Federal funding programs to 
determine applicability to the District’s list of potential projects.  In the coming year, the District will 
continue participation in Integrated Regional Water Management Planning (“IRWMP”) for Greater 
Los Angeles County.  The development of this plan is a requirement for entities to secure grant 
funding under Proposition 84 and Proposition 1E which were passed in November 2006.  It is 
expected that this plan will play a significant role in future grant funding opportunities at the Local, 
State and Federal levels, including those proposed for the November 2010 state ballot.  District staff 
will also monitor the ongoing AB303 grant funding program. 
 
Projects under the Groundwater Resources Planning Program serve to improve replenishment 
operations and general basin management.  Accordingly, this program is also wholly funded through 
the Replenishment Fund. 
  

006 – Groundwater Quality Program 
This comprehensive program constitutes an ongoing effort to address water quality issues that affect 
WRD projects and the pumpers’ facilities.  The District monitors and evaluates the impacts of 
proposed, pending and recently promulgated drinking water regulations and proposed legislation.  
The District assesses the justification and reasoning used to draft these proposals and, if warranted, 
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joins in coordinated efforts with other interested agencies to resolve concerns during the early phases 
of the regulatory and/or legislative process.   

The District continually evaluates current and proposed water quality compliance in production 
wells, monitoring wells, and spreading/injection waters of the basins.  If noncompliance is identified, 
WRD staff quickly investigates to determine the causes of noncompliance, develops recommended 
courses of action and estimates their associated costs to address the problem, and implements the 
best alternative to achieve compliance.   

Effective January 1, 2007, the District assumed responsibility for the Central Basin Title 22 
Groundwater Monitoring Program that had been administered previously by the Central Basin 
Municipal Water District.  This program provides services for monitoring of drinking water wells as 
required by state statutes to ensure that they continue to be safe for domestic use.  Twenty pumpers 
with 79 wells have elected to continue participation in this program.  In addition, a new contract for 
sample collection and laboratory analysis was issued for this work.   This program is paid for by the 
participants, and therefore, does not impact the District’s replenishment assessment.   

In recent years, new emerging contaminants have been identified as impacting local groundwater not 
only in the Central and West Coast Basins, but also in neighboring regions such as the Main San 
Gabriel Basin, Orange County Basin, Chino Basin, etc. Constituents such as perchlorate, n-nitroso 
dimethylamine (NDMA), hexavalent chromium, and 1,4-dioxane have emerged as contaminants of 
concern and pose a potential threat to the local resources.  In addition, due to advancements in and 
greater sensitivity of new laboratory analytical methods, trace amounts of pharmaceutical drugs have 
also been found. Existing drinking water regulations are being revisited and may be revised in the 
near future, which would impact the use of some existing wells.  New regulations may be established 
as well.  Monitoring for potential contaminants began on January 1, 2008 to comply with the federal 
Unregulated Contaminated Monitoring Rule 2.   

WRD’s service area contains a large and diverse industrial and commercial base.  Consequently, 
many potential groundwater contamination sources exist within District boundaries.  Examples of 
potential contamination sources include leaking underground storage tanks, petroleum pipeline leaks 
at refineries and petrochemical plants, and  discharges from dry cleaning facilities, auto repair shops, 
metal works facilities, and others.  Such contamination sources may pose a threat to the drinking 
water aquifers.  Accordingly, WRD established its Groundwater Contamination Prevention Program 
as a key component of the Groundwater Quality Program, in an effort to minimize or eliminate 
threats to groundwater supplies. 

The Groundwater Contamination Prevention Program includes several ongoing efforts: 

•        Central and West Coast Basin (“CWCB”) Groundwater Contamination Forum:  Several 
years ago, WRD established this data-sharing and discussion forum with key stakeholders 
including the U.S. Environmental Protection Agency (“USEPA”), the California Department 
of Toxic Substances Control (“DTSC”), the California Regional Water Quality Control 
Board – Los Angeles (“RWQCB-LA”), the CDPH, the U.S. Geological Survey (“USGS”), 
and various cities and pumpers.  Stakeholders drafted and signed a Memorandum of 
Understanding (“MOU”) agreeing to meet regularly (meetings are held 3 to 4 times per year 
at WRD) and share data on contaminated groundwater sites within the District.  WRD has 
acted as the meeting coordinator and data repository/distributor, helping stakeholders to 
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characterize the extent of contamination to identify pathways for shallow contaminants to 
reach deeper drinking water aquifers, and develop optimal methods for remediating 
contaminated groundwater. 

•        With the cooperation and support of all stakeholders in this Forum, WRD developed a list of 
high-priority contaminated groundwater sites within the District.  This list is a living 
document, subject to cleanup and “closure” of sites as well as discovery of new sites 
warranting further attention.  Currently, the list includes over 40 sites across the CWCB.  
WRD works with the lead regulatory agencies for each of these sites to keep abreast of their 
status, offer data collection, review and recommendations as needed, and facilitate progress 
in site characterization and cleanup. 

•        In 2003, WRD developed a scope of work with the Los Angeles County Department of 
Health Services (“LACDHS”) to clarify the status of 217 potentially abandoned (a.k.a., 
“unknown status”) wells located within District boundaries, as identified through researching 
WRD’s groundwater production database.  WRD completed numerous tasks to determine the 
status of these wells, including:  distributing, collecting and tallying a survey questionnaire to 
all well owners associated with the potentially abandoned wells; searching through thousands 
of hard-copy well construction and destruction permits at the DWR, LACDHS, and City of 
Long Beach; conducting field reconnaissance trips to locate and photograph wells.  These 
efforts were successful:  WRD was able to reduce the number of “unknown status” wells 
from 217 to 20, and most of the remaining 20 are suspected to have been paved over during 
development of industrial and residential neighborhoods.  At this time, it is WRD’s intention 
to revisit its groundwater production database periodically, to identify any new “unknown 
status” wells, and to repeat the tasks listed above to clarify their status. 

WRD is also participating in the Water Augmentation Study (“WAS”) of the Los Angeles and San 
Gabriel River Watershed Council.  This is a multi-year investigation to evaluate the feasibility of 
capturing more storm runoff at localized sites in lieu of discharge into the storm drains, channels, 
and ultimately to the ocean.  It is a potential source of new replenishment water, and would be in 
addition to stormwater currently captured and retained for percolation at in the existing spreading 
grounds within the District.  The underlying concept for the WAS is to retain more stormwater rather 
than allow it to be lost to the ocean; however, precautions must be taken to ensure that this new 
water does not degrade groundwater quality if allowed to percolate at local sites.  More stormwater 
could be saved by utilizing Best Management Practices (“BMPs”), e.g., bioswales, infiltration 
basins, and porous pavements.  Much of the WAS is focused on evaluating the technical feasibility 
of this project and the potential impacts on groundwater quality.  Other aspects of the WAS include 
modeling to estimate the amount of water that can be percolated in the local watershed and the 
economic value of this additional source of water.  In 2009, a neighborhood demonstration project 
was constructed with BMP’s to evaluate the effectiveness and potential of a large-scale project. 

Much of the work for the coming year will involve additional investigations at well sites known to 
have contaminated water, continued monitoring of water quality regulations and proposals affecting 
production and replenishment operations, further characterization of contaminant migration into the 
deeper aquifers, and monitoring and expediting cleanup activities at contaminated sites.  All work 
under this program is related to water quality and cleanup efforts; therefore, 100% of it is funded 
from the Clean Water Fund. 
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010 – Geographic Information System (GIS) 
The District maintains an extensive database and Geographic Information System (GIS) in-house. 
The database includes water level and water quality data throughout the entire WRD service area 
with information drawn not only from the District’s Regional Groundwater Monitoring Program and 
permit compliance monitoring, but also from water quality data obtained from the CDPH.  The 
system requires continuous update and maintenance but serves as a powerful tool for understanding 
basin characteristics and overall basin health. 

The GIS is used to provide better planning and basin management.  The system is used to organize 
and store an extensive database of spatial information, including well locations, water level data, 
water quality information, well construction data, production data, aquifer locations, and computer 
model files.  Staff uses the system daily for project support and database management.  Specific 
information is available to any District pumper or stakeholder upon request and can be delivered 
through the preparation of maps, tables, reports, or other compatible format.  Additionally, the 
District has made its web-based Interactive Well Search tool available to selected users.  This web 
site provides these users with limited access to WRD’s water quality and production database.   

District staff will continue to streamline and refine the existing data management system and website 
as well as satisfy both internal and external data requests.  As part of the streamlining of the data, 
staff will fully automate the transfer of water quality data from the laboratory directly into the 
District’s water quality database.  Additionally, District staff will continue the development of 
applications to more efficiently manage and report groundwater production information.  Continued 
use, upkeep, and maintenance of the GIS are planned for the coming year.  The use of the system 
supports both replenishment activities and groundwater quality efforts.  Accordingly, the cost for 
this program is equally split between the Replenishment and Clean Water Funds.   

011 – Regional Groundwater Monitoring Program  
The Regional Groundwater Monitoring Program provides for the collection of basic information 
used for groundwater basin management including groundwater level data and water quality data.  It 
currently consists of a network of about 250 WRD and USGS-installed monitoring wells at over 50 
locations throughout the District, supplemented by the existing groundwater production wells.  The 
information generated by this program is stored in the District’s GIS and provides the basis to better 
understand the dynamic changes in the Central and West Coast Basins. WRD staff, comprised of 
hydrogeologists and engineers, provides the in-house capability to collect, analyze and report 
groundwater data. 

Water quality samples from the monitoring wells are collected twice a year.  Water levels are 
measured in most monitoring wells with automatic data loggers daily, while water levels in all 
monitoring wells are measured by WRD field staff a minimum of four times per year.  On an annual 
basis, staff prepares a report that documents groundwater level and groundwater quality conditions 
throughout the District.   

Most of the work during the coming year will involve continuous field activities including quarterly 
and semi-annual data collection, continuous well and equipment maintenance, and annual reporting 
activities.  In addition, new nested monitoring wells will be constructed.  Work associated with the 
Regional Groundwater Monitoring Program also supports activities relating to both replenishment 
and water quality projects.  The program, therefore, is funded 50% each from the Replenishment and 
Clean Water Funds. 
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012 – Safe Drinking Water Program 
WRD’s Safe Drinking Water Program (“SDWP”) has operated since 1991 and is intended to 
promote the cleanup of groundwater resources at specific well locations.  Through the installation of 
wellhead treatment facilities at existing production wells, the District hopes to remove contaminants 
from the underground supply and deliver the extracted water for potable purposes.  Projects 
implemented through this program are accomplished through direct input and coordination with well 
owners.  In May 2007, the latest treatment plant went online which was a removal system for iron, 
manganese, and arsenic.  The removal mechanism is a pressurized filtration system. 

The current program focuses on the removal of VOCs and offers financial assistance for the design 
and equipment of the selected treatment facility.  Another component of the program offers no-
interest loans for other constituents of concern that affect a specific production well.  The capital 
costs of wellhead treatment facilities range from $800,000 to over $2,000,000.  Due to financial 
constraints, this initial cost is generally prohibitive to most pumpers.  Financial assistance through 
the District’s SDWP makes project implementation much more feasible. 

There are several current projects in various stages of completion and new candidates for 
participation are on the rise.  A total of fifteen (15) facilities are already completed and online and 
one facility has successfully completed removal of the contamination and no longer needs 
treatment.  While continued funding of this program is anticipated for next year, the District has 
revised the guidelines of the SDWP to place a greater priority on projects involving VOC 
contamination or other anthropogenic (man-made) constituents, now classified as Priority A 
Projects.  Further, any treatment projects for naturally-occurring constituents would be classified as 
Priority B Projects and funded on a secondary priority, on a case-by-case basis, and only if program 
monies are still available during the fiscal year.  While such projects are of interest to WRD, 
availability of funding for them will not be determined until after the budget process. 

Projects under the SDWP involve the treatment of contaminated groundwater for subsequent 
beneficial use.  This water quality improvement assists in meeting the District’s groundwater 
cleanup objectives.  Thus, funding for the costs of the program is drawn wholly from the Clean 
Water Fund. 

018 –   Dominguez Gap Barrier Recycled Water Injection 
This Project involves the delivery of recycled water from the City of Los Angeles Department of 
Water and Power’s (“LADWP”) Terminal Island Treatment Plant (“TITP”) Advanced Water 
Treatment Facility (“AWTF”) to the Dominguez Gap Barrier (“DGB”).  Deliveries of recycled water 
to the barrier commenced in late February 2006 and have continued into 2010.   

This water is being treated with microfiltration, reverse osmosis, and chlorination before being 
injected into the DGB.  The project is permitted to maintain an overall ratio of 50% recycled water 
and 50% potable water to the entire barrier to satisfy regulatory requirements.  Additional water 
quality requirements, including turbidity and modified fouling index (“MFI”), must also be met to 
minimize potential fouling of injection wells in the DGB, which is owned and operated by the 
County of Los Angeles Department of Public Works.     

While LADWP is responsible for the treatment and delivery of the recycled water and all the water 
quality sampling associated with those activities, WRD has responsibility over groundwater 
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monitoring compliance.  As part of the permit, groundwater monitoring is required to observe water 
quality conditions and to anticipate potential problems before recycled water travels to down 
gradient drinking water wells.  In addition, a tracer study continues to be investigated to determine 
the extent of travel and movement of the recycled water blend.  This is necessary to determine if 
adequate mixing and further blending in the ground is occurring and to ascertain if groundwater 
samples being collected are representative of the recycled water blend.    

Recycled water use at the barriers improves the reliability of a supply that is needed on a continuous 
basis.  Traditionally, water purchases for the barriers have been viewed as a replenishment function.  
Therefore, this program is funded 100% through the Replenishment Fund.  

023 –   Replenishment Operations 
WRD actively monitors the operation and maintenance practices at the LACDPW-owned and 
operated spreading grounds and seawater barriers within the District.  Optimizing replenishment 
opportunities is fundamentally important to WRD, in part because imported and recycled water 
deliveries directly affect the District’s annual budget.  Consequently, the District seeks to ensure that 
the conservation of stormwater is maximized, and that imported and recycled water replenishment 
are optimized.   

Due to the reduction and unreliability of imported water for replenishment, WRD is working on its 
Water Independence Now (“WIN”) program to eventually become independent from imported water 
for groundwater recharge.  Currently, the District needs about 31,000 AF of imported water for 
recharge; 21,000 AF for spreading and 10,000 AF for injection at the seawater barriers.  By 
maximizing the use of recycled water and stormwater, the amount of imported water can eventually 
be reduced or eliminated, thereby providing the groundwater basins with full replenishment needs 
through locally-derived water. 

WRD coordinates regular meetings with LACDPW, MWD, SDLAC, and other water interests to 
discuss replenishment water availability, spreading grounds operations, scheduling of replenishment 
deliveries, seawater barrier improvements, upcoming maintenance activities, and facility outages or 
shutdowns.  The District tracks groundwater levels in the Montebello Forebay weekly to assess 
general basin conditions and determine the level of artificial replenishment needed.  WRD also 
monitors the amount of recycled water used at the spreading grounds and seawater barriers to 
maximize use while complying with pertinent regulatory limits. 

A major District goal for the coming year is to continue working with LACDPW to complete 
construction of the Interconnection Pipeline.  This jointly-funded project is a new, dedicated pipeline 
and pumping station that will be constructed between the Rio Hondo and San Gabriel River 
Spreading Grounds to transfer replenishment water in either direction via gravity flow from the Rio 
Hondo to San Gabriel or pumping in the reverse direction.  When completed, this project is expected 
to conserve approximately 1,300 AF/year of additional stormwater on average, help maximize the 
amount of recycled water conserved by approximately 5,700 AF/year, and provide operational 
flexibility to mitigate obstacles to performing replenishment at these spreading grounds.  The 
Interconnection Pipeline project is a key component of the District’s WIN. 
 
As its name implies, this program deals primarily with replenishment issues and its costs are borne 
completely by the Replenishment Fund.  
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025 – Hydrogeology Program 
This program accounts for the projects that occur regularly each year, related to the hydrogeology of 
the Central and West Coast Basins and surrounding groundwater basins.  Staff work performed 
under this program includes the preparation of the annual Engineering Survey and Report, which 
incorporates the calculation and determination of annual overdraft, accumulated overdraft, change in 
storage, pumping amounts, and replenishment needs and costs.  Extensive amounts of data are 
compiled and analyzed by Staff to determine these values.  Maps are created showing water levels in 
the basins and production patterns and amounts.  The updates, maintenance, and use of the Regional 
Groundwater Flow Model developed by the USGS and WRD are part of this program.  This model is 
a significant analytical tool utilized by WRD to determine basin benefits and impacts of changes 
proposed in the management of the Central and West Coast Basins.  It will be utilized for 
conjunctive use and water banking programs discussed earlier under Project 005. 

An ongoing effort at the District to better characterize the hydrogeologic conditions across the 
Central and West Coast Basins is called the "Hydrogeologic Conceptual Model".  This long-term 
project involves compiling and interpreting the extensive amounts of data generated during drilling 
and logging of the WRD/USGS monitoring wells, and collected from historical information for 
production wells and oil wells within the District.  The ultimate goal of this project is to incorporate 
these data in WRD's database/GIS and apply the system to generate aquifer surfaces and cross-
sections for comparison with historical interpretations of basin hydrogeology.  The final conceptual 
model will significantly improve the understanding of the aquifer depths, extents, and thicknesses 
throughout the District, and will assist Staff, pumpers and stakeholders with planning for 
groundwater resource projects such as new well drilling, storage opportunities, or modeling.  The 
data will also be made available on WRD's website to be used as a reference source for 
hydrogeologic interpretations and fulfilling project-related data requests. 

Hydrogeologic analysis is also needed for projects associated with groundwater quality concerns and 
specific cleanup projects.  Staff work may include investigative surveys, data research, and oversight 
of specific project studies.  Such efforts are used to relate water quality concerns with potential 
impact to basin resources.  An example of this type of Staff work is the District’s Well Profiling 
Program.  The District assists pumpers in evaluating drinking water supply well contamination.  
Services may include existing data collection and review, and field tasks such as spinner logging and 
depth-discrete sampling.  WRD’s evaluation helps pumpers to determine the best course of action; 
e.g., sealing off a particular screened interval of a well, wellhead treatment, or well destruction. 

For the ensuing year, it is expected that additional investigative research projects into the saline 
plume, well testing, and recycled water travel time using tracers will be performed. In 2010/2011, a 
major update to the regional groundwater flow model will continue to be performed by the USGS to 
incorporate 8 years of new information since the model was last updated.   

The Hydrogeology Program addresses both groundwater replenishment objectives and groundwater 
quality matters.  This dual service warrants that the cost of the program be split evenly between the 
Replenishment and Clean Water Funds. 

033 – Groundwater Reliability Improvement Program (“GRIP”) 
The WRD continues to pursue projects through its WIN program that develop local, sustainable 
sources of water for use in groundwater replenishment.  This has become increasingly important in 
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light of the environmental and political issues limiting delivery of imported water to Los Angeles 
area together with the potential for a drought to hit California. 

To address these issues WRD is seeking alternative sources of water to offset the imported water 
used for replenishment in the Montebello Forebay.  This program is referred to as the Groundwater 
Reliability Improvement Program (GRIP).  The effort of this program is to evaluate all feasible 
alternatives for replacing or offsetting the current quantity of imported water used for replenishment.  
One alternative being considered is the use of advanced treated recycled municipal wastewater 
(microfiltration, reverse osmosis, ultra-violet light with hydrogen peroxide.) from the SDLAC’s San 
Jose Creek Water Reclamation Plant. 

 
To determine the viability of this project, in 2009 WRD entered into a partnership with the Upper 
San Gabriel Valley Municipal Water District (“USGVMWD”) and the SDLAC to share in the cost 
for a consultant to perform a conceptual design of the facility on the proposed site for the purpose of 
developing preliminary cost estimates.  The project will deliver advanced treated water to the San 
Gabriel River spreading basins to meet a portion of WRD’s replenishment requirements along with 
delivery to proposed spreading basins near the Santa Fe Dam to help satisfy the needs of the 
USGVMWD. 
 
More recently, the project partners have jointly funded a consultant to perform an Alternatives 
Analysis to evaluate various project options to bring replenishment water to the spreading grounds.  
The project partners are also intending to hire an outreach consultant to educate and solicit input 
from the pumping community, elected officials, non-governmental organizations, as well as the 
general public.  Projects associated with the GRIP help to improve the reliability and utilization of 
an available local resource.  This resource is used to improve replenishment capabilities and is thus 
funded 100% from the Replenishment Fund. 
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Table 1
GROUNDWATER CONDITIONS AND REPLENISHMENT SUMMARY

ITEM
WATER YEAR

Oct 1 - Sep 30
2008-2009 2009-2010 (a) 2010-2011 (a)

Total Groundwater Production 243,402              AF 241,000      AF 243,000        AF

Annual Overdraft (112,700)            AF (95,800)       AF (97,800)        AF

Accumulated Overdraft (753,300)            AF (749,700)     AF

Quantity Required for Artificial Replenishment for the Ensuing Year
Spreading

Imported for Spreading in Montebello Forebay 21,000          AF
Recycled for Spreading in Montebello Forebay 50,000          

Subtotal Spreading 71,000          

Injection
Alamitos Seawater Barrier Imported Water (WRD side only) 2,300            
Alamitos Seawater Barrier Recycled Water (WRD side only) 2,100            

Dominguez Gap Seawater Barrier Imported Water 4,000            
Dominguez Barrier Seawater Barrer Recycled Water 4,000            

West Coast Seawater Barrier Imported Water 8,000            
West Coast Seawater Barrier Recycled Water 8,000            

Subtotal Injection 28,400          

In-lieu(b)  
Subtotal In-lieu 10,303          

Total 109,703        AF

Source and Unit Cost of Replenishment Water for the Ensuing Year
Spreading Oct-Dec Jan-Sep

MWD Commodity Rate for Tier 1 Untreated Imported 484$           /AF 527$            /AF
CBMWD Administrative Surcharge 96$             /AF 96$              /AF

CBMWD Readiness to Serve (RTS) charge * 18$            /AF 30$              /AF
Cost to WRD (sum of above) 598$ /AF 653$ /AFCost to WRD (sum of above) 598$           /AF 653$             /AF

plus CBMWD Water Service Charge 69$              /cfs/mo 69$               /cfs/mo

SDLAC recycled water from San Jose Creek 34.40$        /AF 34.40$          /AF
SDLAC recylced water from Whittier Narrows WRP 7$                /AF 7$                 /AF

SDLAC makeup for undercharges in 2007-2009 19,074.86$ /mo 19,074.86$   /mo

Injection
Alamitos Barrier

MWD Commodity Rate for Tier 1 Treated Imported 701$           /AF 744$            /AF
Long Beach Administrative Surcharge 5$              /AF 5$                /AF

Cost to WRD (sum of above) 706$            /AF 749$             /AF
plus Long Beach Capacity Charge * 600$            /cfs/mo 600$             /cfs/mo

Recycled water from WRD Vander Lans plant 406$            /AF 406$             /AF

Dominguez Gap and West Coast Barriers
MWD Commodity Rate for Tier 1 Treated Imported 701$           /AF 744$            /AF

WBMWD Administrative Surcharge 65$             /AF 65$              /AF
WBMWD RTS * 94$            /AF 125$            /AF

Cost to WRD (sum of above) 860$            /AF 934$             /AF
plus WBMWD Water Service Charge 34$              /cfs/mo 34$               /cfs/mo

plus WBMWD Capacity Charge * 530$            /cfs/mo 530$             /cfs/mo

Recycled water from LADWP (Dominguez Gap) 431$            /AF 431$             /AF
Recycled water from WBMWD (West Coast) 540$            /AF 540$             /AF

In-lieu(b) MWD Member Agency 333$             /AF
WBMWD Customer 398$             /AF

(a)  Estimated values
(b)  Amounts and rates for In-lieu are estimated.  Not yet been established by the Board for ensuing year
*   Amount is a direct pass through to MWD



Table 2
QUANTITY AND COST OF REPLENISHMENT WATER FOR WY 2010-2011 

Item Quantity (AF) Total Cost
Spreading - Tier 1 Untreated Imported
Spreading - Recycled
Alamitos Barrier - Imported
Alamitos Barrier - Recycled*
Dominguez Barrier - Imported
Dominguez Barrier - Recycled
West Coast Barrier - Imported
West Coast Barrier - Recycled
In-Lieu MWD Member
In-Lieu WBMWD Customer

TOTAL
Detailed Breakout of Water Costs and Surcharges to WRD

Item Quantity Oct-Dec Jan-Sep Melded Total
MWD

MWD Treated Tier 1 - Barrier ($/af) 14,300 701$        744$       733$       10,485,475$         
MWD Untreated Tier 1 - Spreading ($/af) 21,000 484$        527$       516$       10,841,250$         
WBMWD RTS ($/af) 12,000 94$          125$       117$       1,407,000$           
CBMWD RTS ($/af) 21,000 18$          30$         27$         567,000$              
WBMWD Capacity Charge ($/cfs/month) 34 - - 530$       216,240$              
LBWD Capacity Charge ($/cfs/month) 4.20 - - 600$       30,240$                

Total to MWD 23,547,205$         

CBMWD
CBMWD Administrative Surcharge ($/af) 21,000 96$          96$         96$         2,016,000$           
CBMWD Water Service Charge ($/cfs/month) 450 - - 69$         372,600$              

Total to CBMWD 2,388,600$           

LBWD
LBWD Administrative Surcharge ($/af) 2,300 5$            5$           5$           11,500$                

Total to LBWD 11,500$                

WBMWD
WBMWD Administrative Surcharge ($/af) 12,000 65$          65$         65$         780,000$              
WBMWD Water Service Charge ($/cfs/month) 130 - - 34$         53,040$                

Total to West Basin MWD 833,040$              

IN-LIEU IL-PMT
MWD Member Agency ($/af) 7,503 - - 333$       2,494,748$           
WBMWD Member Agency ($/af) 2,800 - - 398$       1,113,000$           

Total for In-Lieu Payments 3,607,748$           

LADWP
LADWP Recycled Water ($/af) 4,000 431$        431$       431$       1,724,000$           

Total to LADWP 1,724,000$           

SDLAC
SDLAC - San Jose Creek WRP ($/af) 40,000 34$          34$         34$         1,376,000$           
SDLAC - Whittier Narrows WRP ($/af) 10,000 7$            7$           7$           70,000$                
SDLAC - Makeup Payment ($) 228,898$              

Total to SDLAC 1,674,898$           

WBMWD
WBMWD Recycled Water ($/af) 8,000 540$        540$       540$       4,320,000$           

Total to WBMWD 4,320,000$           

WRD
WRD Recycled Water Vander Lans ($/af) 2,100 406$        406$       406$       852,600$              
WRD Recycled Water Vander Lans ($/af)* 2,100 406$        406$       406$       (852,600)$             

Total to WRD -$                      

TOTAL 38,106,991$   
* Cost is based on O&M less MWD rebate.  Shown as a water cost but deducted out since it's part of the Vander Lans project
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Table 3
WRD PROJECTS AND PROGRAMS

PROJECT / PROGRAM DISTRICT FUNCTION
Replenishment Clean Water

001 Leo J. Vander Lans Water Treatment Facility Project 100%   

002 Robert W. Goldsworthy Desalter Project  100%

004 Recycled Water Program 100%

005 Groundwater Resources Planning Program 100%

006 Groundwater Quality Program 100%

010 Geographic Information System 50% 50%

011 Regional Groundwater Monitoring Program 50% 50%

012 Safe Drinking Water Program  100%

018 Dominguez Gap Barrier Recycled Water Injection 100%

023 Replenishment Operations (Spreading & Barriers) 100%  

025 Hydrogeology Program 50% 50%

033 Groundwater Resources Improvement Program (GRIP) 100% 0%



Table 4
30-YEAR AVERAGE GROUNDWATER BALANCE

FROM USGS & WRD REGIONAL MODEL

INFLOWS Average AFY OUTFLOWS Average AFY

Natural Inflows: Artificial Outflows:
Local water conserved at spreading grounds (1 48,825 Pumping 250,590

Interior and mountain front recharge 47,900

Net underflow from adjacent basins (2 48,480

Subtotal Natural Inflows: 145,205

Artificial Inflows:
Imported and recycled spreading (3 74,075

Barrier injection water (4 34,600

Subtotal Artificial Inflows: 108,675

Total Inflows: 253,880 Total Outflows: 250,590

Average Annual Groundwater Deficiency (afy) = Natural Inflows - Total Outflows = (105,385)
(1 includes stormwater and base flow water captured and recharged at the spreading grounds
(2 does not include average of 7,100 afy of seawater intrusion, which can not be considered as replenishment per the water code
(3 includes all imported purchased, all recycled purchased, and Pomona Plant (free) recycled water.includes all imported purchased, all recycled purchased, and Pomona Plant (free) recycled water.
(4 includes all injected water at the three barrier systems, including all of Alamitos Barrier.  Model value may differ slightly from actual purchases.

Description of the model can be found in USGS, 2003, Geohydrology, Geochemistry, and Ground-Water Simulation - Optimization
of the Central and West Coast Basins, Los Angeles County, California; Water Resources Investigation Report 03-4065
by Reichard, E.G., Land, M., Crawford, S.M., Johnson, T., Everett, R.R., Kulshan, T.V., Ponti, D.J., Halford, K.J., Johnson, T.A., 
Paybins, K.S., and Nishikawa, T.



Table 5
HISTORICAL RAINFALL

Station #107D, Downey Fire Department

Water
Year Inches

Water
Year Inches

Water
Year Inches

Water
Year Inches

1925-26 12.63 1950-51 8.27 1975-76 9.55 2000-01 14.98
1926-27 16.92 1951-52 24.68 1976-77 11.23 2001-02 2.52
1927-28 11.97 1952-53 10.53 1977-78 33.85 2002-03* 19.89
1928-29 11.52 1953-54 12.33 1978-79 18.68 2003-04 7.73
1929-30 10.84 1954-55 11.84 1979-80 28.29 2004-05 23.43
1930-31 10.45 1955-56 13.97 1980-81 8.74 2005-06 11.36
1931-32 14.52 1956-57 9.89 1981-82 13.41 2006-07 1.95
1932-33 10.02 1957-58 24.65 1982-83 30.3 2007-08 17.11
1933-34 11.1 1958-59 6.68 1983-84 11.96 2008-09 9.49
1934-35 21.94 1959-60 9.84 1984-85 12.44
1935-36 9.65 1960-61 4.3 1985-86 19.47
1936-37 22.11 1961-62 18.46 1986-87 6.49
1937-38 21.75 1962-63 10.9 1987-88 11.47
1938-39 18.69 1963-64 6.86 1988-89 7.82
1939-40 12.81 1964-65 13.27 1989-90 7.87
1940-41 34.21 1965-66 17.02 1990-91 12.22
1941-42 14.66 1966-67 17.78 1991-92 16.07
1942-43 17.91 1967-68 11.46 1992-93 26.55
1943-44 17.89 1968-69 22.33 1993-94 9.26
1944-45 11.25 1969-70 7.52 1994-95 26.82
1945-46 10.31 1970-71 11.45 1995-96 10.681945 46 10.31 1970 71 11.45 1995 96 10.68
1946-47 15.24 1971-72 6.4 1996-97 13.95
1947-48 8.62 1972-73 18.57 1997-98 32.47
1948-49 9.04 1973-74 14.51 1998-99 7.29
1949-50 10.14 1974-75 15.01 1999-00 9.21

Period of Record
Running 84 Year Average 14.3 inches

Minimum 2.0 inches
Maximum 34.2 inches

* 2002/03 from station 388D (City of Paramount Fire Station), since 107D data are incomplete

84 years



Table 6
ANNUAL OVERDRAFT CALCULATION

for Current and Ensuing Water Years (in acre-feet)
WATER YEAR

2009-2010 2010-11

(105,385)    (105,385)    

(1) Local Water at Spreading Grounds(a)
0

(d)
0

(d)

(2) Precipitation, mountain front recharge, applied water(a)
0

(d)
0

(d)

(3) Subsurface inflow(b)
0

(d)
0

(d)

(4) Groundwater Extractions(c)
(9,600)

(d)
(7,600)

(d)

(95,800)      (97,800)      

Does not include seawater intrusion inflow

(d) Estimated Values. A value of zero indicates average year was assumed.
(c)  Difference between actual and model average.  Positive value indicates increased pumpage.

Adjustments/Variances to AAGD

Average Annual Groundwater Deficiency (from Table 4)

(b)  Difference between annual model value and average model value.  Positive value indicates increased inflow.

Item

ANNUAL OVERDRAFT   [AAGD+(1)+(2)+(3)-(4)]

Note:  Numbers in parentheses represent negative values.
(a)  Difference between actual and model average.  Positive value indicates increased recharge.

(d)  Estimated Values.  A value of zero indicates average year was assumed.



Table 7
ACCUMULATED OVERDRAFT CALCULATION (in acre-feet)

ITEM AMOUNT

Accumulated Overdraft at end of Previous Water Year (753,300)   

Estimated Annual Overdraft for Current Year (95,800)     

Subtotal without artificial replenishment (849,100)   

Planned Artificial Replenishment for Current Year

Imported Water Purchased for Spreading 21,000      

Recycled Water Purchased for Spreading 50,000      

Imported and Recycled Water Purchased for Barrier Wells 28,400      

Replenishment Subtotal 99,400      

PROJECTED ACCUMULATED OVERDRAFT FOR 
CURRENT YEAR (749,700)   

Note:  Numbers in parentheses represent negative values.



Table 8
CHANGES  IN  GROUNDWATER  STORAGE

WATER
YEAR

WATER
YEAR

1961-62 88,500      88,500      1985-86 10,600      238,200    
1962-63 (11,100)     77,400      1986-87 4,000        242,200    
1963-64 10,300      87,700      1987-88 (11,700)     230,500    
1964-65 35,200      122,900    1988-89 10,400      240,900    
1965-66 21,100      144,000    1989-90 13,600      254,500    
1966-67 21,400      165,400    1990-91 28,400      282,900    
1967-68 11,400      176,800    1991-92 1,600        284,500    
1968-69 (7,500)       169,300    1992-93 45,800      330,300    
1969-70 (800)          168,500    1993-94 (28,500)     301,800    
1970-71 (3,400)       165,100    1994-95 19,400      321,200    
1971-72 (50,600)     114,500    1995-96 12,500      333,700    
1972-73 34,800      149,300    1996-97 15,700      349,400    
1973-74 (2,400)       146,900    1997-98 16,700      366,100    
1974-75 (14,100)     132,800    1998-99 (80,200)     285,900    
1975-76 (40,200)     92,600      1999-00 (30,000)     255,900    
1976-77 (32,900)     59,700      2000-01 (400)          255,500    
1977-78 88,600      148,300    2001-02 (36,500)     219,000    
1978-79 30,100      178,400    2002-03 (10,500)     208,500    
1979-80 (1,100)       177,300    2003-04 (43,000)     165,500    

CHANGE IN
AMT OF WATER

IN STORAGE
(AF)

CUMULATIVE
CHANGE

IN STORAGE
(AF)

CHANGE IN
AMT OF WATER

IN STORAGE
(AF)

CUMULATIVE
CHANGE

IN STORAGE
(AF)

1980-81 17,100      194,400    2004-05 89,100      254,600    
1981-82 18,400      212,800    2005-06 12,000      266,600    
1982-83 46,800      259,600    2006-07 (59,000)     207,600    
1983-84 (22,400)     237,200    2007-08 (41,600)     166,000    
1984-85 (9,600)       227,600    2008-09 (51,500)   114,500    

Note:   Numbers in parentheses represent negative values.  
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21,000       

50,000

71,000

8,000

8,000

4,000

4,000

2,300

2,100

28,400

6,000

4,303

10,303

* - Derivation of new Long Term Imported Spreading Requirement is possible due to new
projects that will capture more stormwater for conservation, and thus less imported needs:

1. Long Term Average of 27,600 af defined in 2003 ESR
2. Minus 3,000 afy for increasing Whittier Narrows Conservation Pool
3. Minus 3,600 afy for two new rubber dams on San Gabriel River
4. Equals new Long Term Average of  21,000 afy imported spreading

109,703          

West Coast Barrier - Imported

West Coast Barrier - Recycled

Dominguez Gap - Imported

Dominguez Gap - Recycled

Recycled Water for Spreading (WRD Purchases)

Total Spreading

Total Water Purchase Estimate for Ensuing Year

Alamitos Barrier - Imported - WRD portion only

Alamitos Barrier - Recycled - WRD portion only

In-Lieu Central Basin 

In-Lieu West Coast Basin

Total In-Lieu

Total Barriers

Long Term Average for Imported Spreading (updated, see below)*

Table 9
QUANTITY OF WATER REQUIRED FOR ARTIFICIAL REPLENISHMENT

AMOUNT (AF)WATER TYPE



HISTORICAL AMOUNTS  OF WATER REPLENISHED
IN THE MONTEBELLO FOREBAY SPREADING GROUNDS

(In  Acre-feet)
Imported Water Recycled Water Local Water (a) Make-up Water

LACFCD WRD
San Jose Creek, Whittier & 

Pomona WRP
Stormwater & River 

Baseflow
 USGVMWD
& SGVMWD CBMWD 

1953-54 30,000   30,000       
1954-55 24,800   24,800       
1955-56 54,500   54,500       
1956-57 50,000   50,000       
1957-58 105,100 87,558 192,658    
1958-59 54,400   31,787 86,187       
1959-60 80,900   20,064 100,964    
1960-61 80,800   66,400       9,118 156,318    
1961-62 39,500   168,600    39,548 247,648    
1962-63 4,800     75,800       8,898        14,565 104,063    
1963-64 104,900    8,903        9,992 123,795    
1964-65 75,500   84,600       7,368        13,097 180,565    
1965-66 67,800   53,900       13,113      45,754 6,500        187,067    
1966-67 74,100   10,200       16,223      59,820 -            160,343    
1967-68 66,600   28,800       18,275      39,760 -            153,435    
1968-69 12,500   5,300         13,877      119,395 -            151,072    
1969-70 25,800   43,100       17,157      52,917 -            138,974    
1970-71 46,700   25,400       38,990      89,514 -            200,604    
1971-72 34,400       17,543      17,688 -            -         69,631       
1972-73 71,900       22,005      45,077 -            20,000   158,982    
1973-74 68,200       21,392      29,171 -            23,900   142,663    
1974-75 71,900       21,883      29,665 -            -         123,448    
1975-76 50,800       21,455      22,073 -            -         94,328       
1976-77 9,300         22,864      19,252 14,500      6,900     72,816       
1977-78 39,900       19,380      147,317 -            -         206,597    
1978-79 65,300       22,499      68,859 -            -         156,658    
1979-80 10,200       24,382      106,820 10,900      -         152,302    
1980-81 3,300     28,700       26,108      50,590 31,500      -         140,198    
1981-82 4,600         29,434      47,930 30,900      (c) -         112,864    
1982-83 2,000         17,037      126,076 8,900        (c) -         154,013    
1983-84 1,500         27,731    60,710 20,800    (c) -       110,741    

WATER 
YEAR TOTAL

1983 84 1,500         27,731    60,710 20,800           110,741    
1984-85 40,600       27,055      39,099 -            -         106,754    
1985-86 21,500       25,312      66,966 -            -         113,778    
1986-87 49,200       34,619      27,613 -            6,500     117,932    
1987-88 23,300       40,191       50,068 5,800        (c) -         119,359    
1988-89 50,300       38,331      17,096 6,500        (c) -         112,227    
1989-90 52,700       50,109      9,388 13,600      (c) -         125,797    
1990-91 56,287       53,864      35,717 100           (c) -         145,968    
1991-92 43,103       46,903      136,357 -            -         226,363    
1992-93 16,561       48,864      147,699 -            -         213,124    
1993-94 20,411       53,981      55,896 -            -         130,288    
1994-95 21,837       33,300      100,578 -            -         155,715    
1995-96 18,012       53,862      62,920 -            -         134,794    
1996-97 22,738       49,959      58,262 -            -         130,959    
1997-98 952            37,017      96,706 -            -         134,675    
1998-99 -            47,201      32,013 -            -         79,214       
1999-00 45,037       43,271      20,607 -            -         108,915    
2000-01 23,451       46,343      39,724 -            -         109,518    
2001-02 42,875       (d) 60,598      18,605 -            -         122,078    
2002-03 22,366       (e) 42,727      63,340 -            -         128,433    
2003-04 27,520       (f) 44,925      30,464 -            -         102,909    
2004-05 25,296       (f) 29,504      148,673 -            -         203,473    
2005-06 33,229       42,022      60,376 -            -         135,627    
2006-07 40,214       45,028      11,508 -            -         96,749       
2007-08 1,510 -            (b) 39,767      55,047 -            -         96,323       
2008-09 0 -             39,611      35,348 -            -         74,959       

TOTAL 898,610 1,823,188 150,000    57,300   

Import: 2,721,798 Recycled: 1,510,880 Local: 2,824,186 Make-up: 207,300 
(a) Local water is stormwater or river baseflow captured at the Montebello Forebay Spreading Grounds.
(b)  CBMWD purchased 1,510 af of imported water for spreading for Downey, Lakewood, and Cerritos.
(c)  Includes State Project water imported by the San Gabriel Valley Municipal Water District.
(d)  Includes 1,607 af of EPA extracted groundwater from Whittier Narrows considered imported water to WRD. Paid for in 2003.
(e)  Includes 5,069 af of EPA extracted groundwater from W.N. considered imported water to WRD. Paid for in June 2005.
(f) includes 13,000 af of water banked by Long Beach under a storage agreement with WRD (792 af 02/03, 12,210 af 3/04).

7,264,163 
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HISTORICAL AMOUNTS OF WATER PURCHASED FOR INJECTION
(In  Acre-feet)

Water West Coast Barrier (a) Dominguez Gap Barrier (b) Alamitos Barrier

Year WRD OCWD Total TOTAL
Imported Recycled Total Imported Recycled Total Imported Recycled Total Imported Recycled Total  

1952-53 1,140        1,140        1,140        
1953-54 3,290        3,290        3,290        
1954-55 2,740        2,740        2,740        
1955-56 2,840        2,840        2,840        
1956-57 3,590        3,590        3,590        
1957-58 4,330        4,330        4,330        
1958-59 3,700        3,700        3,700        
1959-60 3,800        3,800        3,800        
1960-61 4,480        4,480        4,480        
1961-62 4,510        4,510        4,510        
1962-63 4,200        4,200        4,200        
1963-64 10,450      10,450      10,450      
1964-65 33,020      33,020      2,760        2,760        200           200           2,960        35,980      
1965-66 44,390      44,390      3,370        3,370        350           350           3,720        48,110      
1966-67 43,060      43,060      3,390        3,390        490           490           3,880        46,940      
1967-68 39,580      39,580      4,210        4,210        740           740           4,950        44,530      
1968-69 36,420      36,420      4,310        4,310        950           950           5,260        41,680      
1969-70 29,460      29,460      3,760        3,760        720           720           4,480        33,940      
1970-71 29,870      29,870      2,200     2,200     3,310        3,310        822           822           4,132        36,202      
1971-72 26,490      26,490      9,550     9,550     4,060        4,060        936           936           4,996        41,036      
1972-73 28,150      28,150      8,470     8,470     4,300        4,300        883           883           5,183        41,803      
1973-74 27,540      27,540      7,830     7,830     6,140        6,140        1,148        1,148        7,288        42,658      
1974-75 26,430      26,430      5,160     5,160     4,440        4,440        658           658           5,098        36,688      
1975-76 35,220      35,220      4,940     4,940     4,090        4,090        565           565           4,655        44,815      
1976-77 34,260      34,260      9,280     9,280     4,890        4,890        885           885           5,775        49,315      
1977-78 29,640      29,640      5,740     5,740     4,020        4,020        833           833           4,853        40,233      
1978-79 23,720      23,720      5,660     5,660     4,220        4,220        898           898           5,118        34,498      
1979-80 28,630      28,630      4,470     4,470     3,560        3,560        459           459           4,019        37,119      
1980-81 26 350 26 350 3 550 3 550 3 940 3 940 524 524 4 464 34 3641980-81 26,350      26,350      3,550     3,550   3,940      3,940      524         524           4,464      34,364    
1981-82 24,640      24,640      4,720     4,720     4,540        4,540        392           392           4,932        34,292      
1982-83 33,950      33,950      6,020     6,020     3,270        3,270        1,946        1,946        5,216        45,186      
1983-84 28,000      28,000      7,640     7,640     2,440        2,440        1,402        1,402        3,842        39,482      
1984-85 25,210      25,210      7,470     7,470     3,400        3,400        1,444        1,444        4,844        37,524      
1985-86 20,260      20,260      6,160     6,160     3,410        3,410        1,863        1,863        5,273        31,693      
1986-87 26,030      26,030      6,230     6,230     4,170        4,170        2,887        2,887        7,057        39,317      
1987-88 24,270      24,270      7,050     7,050     3,990        3,990        2,173        2,173        6,163        37,483      
1988-89 22,740      22,740      5,220     5,220     3,900        3,900        1,674        1,674        5,574        33,534      
1989-90 20,279      20,279      5,736     5,736     4,110        4,110        1,929        1,929        6,039        32,054      
1990-91 16,039      16,039      7,756     7,756     4,096        4,096        1,818        1,818        5,914        29,709      
1991-92 22,180      22,180      6,894     6,894     4,172        4,172        1,552        1,552        5,724        34,798      
1992-93 21,516      21,516      4,910     4,910     3,350        3,350        1,565        1,565        4,915        31,341      
1993-94 15,482      15,482      5,524     5,524     2,794        2,794        1,309        1,309        4,103        25,109      
1994-95 14,237      1,480    15,717      4,989     4,989     2,883        2,883        890           890           3,773        24,479      
1995-96 12,426      4,170    16,596      5,107     5,107     3,760        3,760        2,010        2,010        5,770        27,473      
1996-97 11,388      6,241    17,629      5,886     5,886     4,015        4,015        1,750        1,750        5,765        29,280      
1997-98 8,173        8,308    16,481      3,771     3,771     3,677        3,677        1,504        1,504        5,181        25,433      
1998-99 10,125      6,973    17,097      4,483     4,483     4,012        4,012        1,689        1,689        5,700        27,280      
1999-00 11,172      7,460    18,632      6,010     6,010     4,028        4,028        1,707        1,707        5,735        30,377      
2000-01 13,988      6,838    20,826      3,923     3,923     3,710        3,710        1,964        1,964        5,674        30,423      
2001-02 12,724      7,276    20,000      5,459     5,459     3,961        3,961        2,232        2,232        6,193        31,652      
2002-03 10,419      6,192    16,611      8,056     8,056     3,445        3,445        1,197        1,197        4,642        29,309      
2003-04 9,304        3,669    12,973      6,089     6,089     3,876        3,876        2,092        2,092        5,968        25,030      
2004-05 4,548        3,920    8,468        8,557     8,557     2,870        2,870        1,685        1,685        4,555        21,580      
2005-06 5,997        4,249    10,246      7,259     1,450  8,709     1,042        921     1,963        330           254     584           2,547        21,502      
2006-07 4,373        10,960  15,333      5,510     1,733  7,243     1,568        219     1,787        543           165     708           2,495        25,071      
2007-08 3,662        10,954  14,616      4,468     2,452  6,920     3,467        1,284  4,751        1,283        475     1,758        6,509        28,045      
2008-09 7,178        6,434    13,612      4,550     2,414  6,964     4,145        1,275  5,420        1,518        535     2,053        7,473        28,049      

TOTAL 1,031,610 95,123  1,126,733 232,297 8,049  240,346 166,871    3,699  170,570    56,410      1,429  57,838      228,408    1,595,486 

(a)  Prior to 10/1/71, water was purchased by the State, West Basin Water Association, local water interests,

       Zone II of the LA County Flood Control District and WRD.  After 10/1/71, all purchases have been by WRD

(b)  In 1970-71, purchases were shared by WRD and Zone II.  After 10/1/71, all purchases have been by WRD

A-2



1965-66 -                    745               745                  
1966-67 -                    851               851                  
1967-68 -                    850               850                  
1968-69 -                    850               850                  
1969-70 -                    900               900                  
1970-71 -                    881               881                  
1971-72 -                    756               756                  
1972-73 -                    901               901                  
1973-74 -                    901               901                  
1974-75 -                    400               400                  
1975-76 -                    400               400                  
1976-77 -                    400               400                  
1977-78 11,316          4,815            16,131             
1978-79 9,723            8,655            18,378             
1979-80 10,628          4,333            14,961             

1980-81 17,617          6,206            23,823             
1981-82 14,050          4,833            18,883             
1982-83 13,813          5,939            19,752             
1983-84 29,216          12,524          41,740             
1984-85 23,246          13,594          36,840             
1985-86 15,505          10,627          26,132             
1986-87 16,205          12,997          29,202             
1987-88 15,518          12,893          28,411             
1988-89 11,356          14,069          25,425             
1989-90 16,858          12,293          29,151             
1990-91 11,886          10,153          22,039             
1991-92 13,000          6,104            19,104             
1992-93 37,652          15,654          53,306             
1993-94 83,488          26,093          109,581           
1994-95 32,904          17,994          50,898             
1995-96 37,517          13,816          51,333             
1996-97 34,547          4,847            39,394             
1997-98 22,995          7,335            30,330             
1998-99 13,213          10,303          23,516             
1999-00 18,799          3,479            22,278             
2000-01 18,364          2,817            21,181             
2001-02 11,931 8,789 20,720             
2002-03 6,866            4,339            11,205             
2003-04 -                    -                    -                      
2004-05 6,000            1,804            7,804               
2005-06 7,475            2,414            9,889               
2006-07 5,779            3,480            9,259               
2007-08 -                -                -                      
2008-09 -                -                -                      

567,468        272,035        839,503           
 

TOTAL

FISCAL YEAR

HISTORICAL AMOUNTS OF THE IN-LIEU PROGRAM
(In  Acre-Feet)

WATER
YEAR

 CENTRAL
BASIN TOTAL 

 WEST COAST
BASIN 
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HISTORICAL  AMOUNTS  OF
WATER FOR REPLENISHMENT

(In  Acre-feet)
SPREADING

IMPORTED 
WATER

RECLAIMED 
WATER LOCAL WATER MAKEUP WATER TOTAL

1952-53 1,140          1,140           
1953-54 30,000         -              30,000        3,290          33,290         
1954-55 24,800         -              24,800        2,740          27,540         
1955-56 54,500         -              54,500        2,840          57,340         
1956-57 50,000         -              50,000        3,590          53,590         
1957-58 105,100       87,558 -              192,658      4,330          196,988       
1958-59 54,400         31,787 -              86,187        3,700          89,887         
1959-60 80,900         20,064 -              100,964      3,800          104,764       
1960-61 147,200       9,118 -              156,318      4,480          160,798       
1961-62 208,100       39,548 -              247,648      4,510          252,158       
1962-63 80,600         8,898         14,565 -              104,063      4,200          108,263       
1963-64 104,900       8,903         9,992 -              123,795      10,450        134,245       
1964-65 160,100       7,368         13,097 -              180,565      35,980        216,545       
1965-66 121,700       13,113       45,754 6,500           187,067      48,110        745         235,922       
1966-67 84,300         16,223       59,820 -              160,343      46,940        851         208,134       
1967-68 95,400         18,275       39,760 -              153,435      44,530        850         198,815       
1968-69 17,800         13,877       119,395 -              151,072      41,680        850         193,602       
1969-70 68,900         17,157       52,917 -              138,974      33,940        900         173,814       
1970-71 72,100         38,990       89,514 -              200,604      36,202        881         237,687       
1971-72 34,400         17,543       17,688 -              69,631        41,036        756         111,423       
1972-73 71,900         22,005       45,077 20,000         158,982      41,803        901         201,686       
1973-74 68,200         21,392       29,171 23,900         142,663      42,658        901         186,222       
1974-75 71,900         21,883       29,665 -              123,448      36,688        400         160,536       
1975-76 50,800         21,455       22,073 -              94,328        44,815        400         139,543       
1976-77 9,300           22,864       19,252 21,400         72,816        49,315        400         122,531       
1977-78 39,900         19,380       147,317 -              206,597      40,233        16,131    262,961       
1978-79 65,300         22,499       68,859 -              156,658      34,498        18,378    209,534       
1979-80 10,200         24,382       106,820 10,900         152,302      37,119        14,961    204,382       
1980-81 32,000         26,108       50,590 31,500         140,198      34,364        23,823    198,385       
1981-82 4,600           29,434       47,930 30,900         112,864      34,292        18,883    166,039       
1982-83 2,000           17,037       126,076 8,900           154,013      45,186        19,752    218,951       
1983-84 1,500           27,731       60,710 20,800         110,741      39,482        41,740    191,963       
1984-85 40,600         27,055       39,099 -              106,754      37,524        36,840    181,118       
1985-86 21,500         25,312       66,966 -              113,778      31,693        26,132    171,603       
1986-87 49,200         34,619       27,613 6,500           117,932      39,317        29,202    186,451       
1987-88 23,300         40,191       50,068 5,800           119,359      37,483        28,411    185,253       
1988-89 50,300         38,331       17,096 6,500           112,227      33,534        25,425    171,186       
1989-90 52,700         50,109       9,388 13,600         125,797      32,054        29,151    187,002       
1990-91 56,287         53,864       35,717 100              145,968      29,709        22,039    197,716       
1991-92 43,103         46,903       136,357 -              226,363      34,798        19,104    280,265       
1992-93 16,561         48,864       147,699 -              213,124      31,341        53,306    297,771       
1993-94 20,411         53,981       55,896 -              130,288      25,109        109,581  264,978       
1994-95 21,837         33,300       100,578 -              155,715      24,479        50,898    231,092       
1995-96 18,012         53,862       62,920 -              134,794      27,473        51,333    213,601       
1996-97 22,738         49,959       58,262 -              130,959      29,280        39,394    199,633       
1997-98 952              37,017       96,706 -              134,675      25,433        30,330    190,438       
1998-99 -               47,201       32,013 -              79,214        27,280        23,516    130,010       
1999-00 45,037         43,271       20,607 -              108,915      30,377        22,278    161,570       
2000-01 23,451         46,343       39,724 -              109,518      30,423        21,181    161,122       
2001-02 42,875         60,598       18,605 -              122,078      31,652        20,720    174,450       
2002-03 22,366         42,727       63,340 -              128,433      29,309        11,205    168,947       
2003-04 27,520         44,925       30,464 -              102,909      25,030        -          127,939       
2004-05 25,296         29,504       148,673 -              203,473      21,580        7,804      232,857       
2005-06 33,229         42,022       60,376 -              135,627      21,502        9,889      167,018       
2006-07 40,214         45,028       11,508 -              96,750        25,071        9,259      131,079       
2007-08 1,510           39,767       55,047 -              96,323        28,045        -          124,368       
2008-09 -               39,611       35,348 -              74,959        28,049        -          103,008       

TOTAL 2,721,799    1,510,880   2,824,186      207,300       7,264,164   1,595,486   839,503  9,699,153    

WATER
YEAR IN-LIEU TOTALINJECTION
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HISTORICAL AMOUNTS OF
GROUNDWATER PRODUCTION

(In  Acre-feet)

YEAR CENTRAL BASIN WEST COAST 
BASIN TOTAL

WATER YEAR    
1960-61 292,500        61,900         354,400         
1961-62 275,800        59,100         334,900         
1962-63 225,400        59,100         284,500         
1963-64 219,100        61,300         280,400         
1964-65 211,600        59,800         271,400         
1965-66 222,800        60,800         283,600         
1966-67 206,700        62,300         269,000         
1967-68 220,100        61,600         281,700         
1968-69 213,800        61,600         275,400         
1969-70 222,200        62,600         284,800         
1970-71 211,600        60,900         272,500         
1971-72 216,100        64,800         280,900         
1972-73 205,600        60,300         265,900         
1973-74 211,300        55,000         266,300         
1974-75 213,100        56,700         269,800         
1975-76 215,300        59,400         274,700         
1976-77 211,500        59,800         271,300         
1977-78 196,600        58,300         254,900         
1978-79 207,000        58,000         265,000         
1979-80 209,500        57,100         266,600         
1980-81 211,915        57,711         269,626         
1981-82 202,587        61,874         264,461         
1982-83 194,548        57,542         252,090         
1983-84 196,660        51,930         248,590         
1984-85 193,085        52,746         245,831         
1985-86 195,972        53,362         249,334         
1986-87 196,660        48,026         244,686         
1987-88 194,704        43,837         238,541         
1988-89 200,207        44,323         244,530         
1989-90 197,621        48,047         245,668         
1990-91 187,040        53,660         240,700         
1991-92 196,400        56,318         252,718         
1992-93 150,495        40,241         190,736         
1993-94 156,565        41,826         198,391         
1994-95 180,269        41,729         221,998         
1995-96 182,414        52,222         234,636         
1996-97 187,561        52,576         240,137         
1997-98 188,305        51,859         240,164         
1998-99 204,418        51,926         256,344         
1999-00 198,483        53,599         252,082         
2000-01 195,361        53,870         249,231         
2001-02 200,168        50,063         250,231         
2002-03 190,268        51,946         242,214         
2003-04 200,365        48,013         248,378         
2004-05 188,707        41,297         230,004         
2005-06 191,030 36,809 227,839         
2006-07 198,115 37,655 235,770         
2007-08 206,260 38,472 244,732         
2008-09 198,156 45,246 243,402         
2009-10 est 195,000 46,000 241,000         

TOTAL 10,186,939    2,665,125     12,852,064     
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HISTORICAL AMOUNTS OF TOTAL WATER USE
IN THE WATER REPLENISHMENT DISTRICT*

(In  Acre-feet)

YEAR
GROUNDWATER

PRODUCTION

IMPORTED
WATER FOR

DIRECT USE*

RECLAIMED
WATER FOR

DIRECT USE*
TOTAL

WATER YEAR
1960-61 354,400          196,800        551,200             
1961-62 334,900          178,784        513,684             
1962-63 284,500          222,131        506,631             
1963-64 280,400          257,725        538,125             
1964-65 271,400          313,766        585,166             
1965-66 283,600          308,043        591,643             
1966-67 269,000          352,787        621,787             
1967-68 281,700          374,526        656,226             
1968-69 275,400          365,528        640,928             
1969-70 284,800          398,149        682,949             
1970-71 272,500          397,122        669,622             
1971-72 280,900          428,713        709,613             
1972-73 265,900          400,785        666,685             
1973-74 266,300          410,546        676,846             
1974-75 269,800          380,228        650,028             
1975-76 274,700          404,958        679,658             
1976-77 271,300          355,896        627,196             
1977-78 254,900          373,116        628,016             
1978-79 265,000          380,101        100               (a) 645,201             
1979-80 266,600          397,213        200               664,013             
1980-81 269,626          294,730        300               564,656             
1981-82 264,461          391,734        300               656,495             
1982-83 252,090          408,543        400               661,033             
1983-84 248,590          441,151        1,800            691,541             
1984-85 245,831          451,549        2,000            699,380             
1985-86 249,334          427,860      2,400          679,594           
1986-87 244,686          478,744        2,300            725,730             
1987-88 238,541          479,318        3,500            721,359             
1988-89 244,530          466,166        5,300            715,996             
1989-90 245,668          448,285        5,900            699,853             
1990-91 240,700          485,109        5,000            730,809             
1991-92 252,718          395,191        4,900            652,809             
1992-93 190,736          388,949        824               580,509             
1993-94 198,391          483,287        3,413            685,091             
1994-95 221,998          437,191        6,143            665,332             
1995-96 234,636          426,699        19,804          681,139             
1996-97 240,137          436,569        25,046          701,752             
1997-98 240,164          375,738        27,075          642,977             
1998-99 256,344          396,655        30,510          683,509             
1999-00 252,082          395,681        33,589          681,352             
2000-01 249,231          395,024        32,589          676,844             
2001-02 250,231          395,799        38,694          684,724             
2002-03 242,214          381,148        38,839          662,201             
2003-04 248,378          389,233        36,626          674,237             
2004-05 230,004          402,660        33,988          666,652             
2005-06 227,839          366,815        35,301          629,955             
2006-07 235,770          376,492        41,899          654,161             
2007-08 244,732          346,035        45,120          635,887             
2008-09 243,402          320,711        43,153          607,266             

TOTAL 12,611,064     18,779,983   527,013        31,918,060        
(a)  Los Coyotes on-line in 1979; Long Beach on-line in 1980

* - Includes imported & recycled at seawater barriers, but not spreading grounds. 
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Banked Called Balance Banked Called Balance Banked Called Balance Banked Called Balance

2002-03 4,864     -        4,864     -           -           -           -           -           -           4,864     -        4,864     
2003-04 8,136     -        13,000   -           -           -           -           -           -           8,136     -        13,000   
2004-05 -        -        13,000   3,652       -           3,652       -           -           -           3,652     -        16,652   
2005-06 -        -        13,000   1,324       56            4,919       -           -           -           1,324     56          17,919   
2006-07 -        -        13,000   300          1,561       3,658       -           -           -           300        1,561     16,658   
2007-08 -        3,231     9,769     -           1,498       2,160       -           -           -           -        4,729     11,929   
2008-09 -        6,519     3,250     -           -           2,160       2,000       -           2,000       2,000     6,519     7,410     

TOTAL 13,000   9,750     5,275       3,115       2,000       -           20,275   12,865   

CITY OF LONG BEACH LONG BEACH/ALAMITOS BARRIER 
Seasonal Water TOTAL

WRD GROUNDWATER BANKING PROGRAM
(In Acre-feet)

WATER
YEAR

LONG BEACH/ALAMITOS BARRIER 
Tier 1 Water
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Project Management Plan  -  Time and Cost Estimate for the Feasibility Phase Prepared:
Sec/Br By:

Task/ Task Predecessor/Successor Work PDT Section Branch Total Non-Labor Totals

Description To Task Days Labor Mgmt/Supt Mgmt/Supt Labor
Contract/ 
Travel, etc (Rounded)

Daily PDT Member and Section/Branch Support Labor Estimates                       (Sec/Br $ reflect % of 
daily $ applicable to this Project not total daily rate) $1,000 10% $0

A Initiate Study/Prepare Baseline Conditions Report
1 Conduct a literature search and a review of all the pertinent data 5 $5,000 $500 $0 $5,500
2 Without Project Demographic, Lanad Use, Socioeconomic Analysis 10 $10,000 $1,000 $0 $11,000
3 Develop Economic GIS Database 5 $5,000 $500 $0 $5,500
4 Conduct analysis of of future water use/demands within the service areas 8 $8,000 $800 $0 $8,800
5 Conduct analysis of existing amd future sources of water supply 8 $8,000 $800 $0 $8,800
6 Determine the costs of water sources 5 $5,000 $500 $0 $5,500
7 Develop Model to Project M&I Water Costs under Without Project Conditions 10 $10,000 $1,000 $0 $11,000
8 Incorporate R&U into RBA economic model 5 $5,000 $500 $0 $5,500
9 Preliminary RED/OSE Analysis 3 $3,000 $300 $0 $3,300

10 Meetings & Coordination 5 $5,000 $500 $0 $5,500
11 Report Documentation 5 $5,000 $500 $0 $5,500
12 Response to DQC, ATR, and Policy Review Comments 3 $3,000 $300 $0 $3,300
13 Prepare for & Attend FSM Conference 1 $1,000 $100 $0 $1,100

Subtotal 73 $73,000 $7,300 $0 $80,300 $0 $80,000

B Alternatives Analysis/Recommended Plan Selection Report (F4)
1 Coordinate and consult with other PDT members for array of alternatives 3 $3 000 $300 $0 $3 300

Feasibility Phase (PMP)-Economics
Whittier Narrow Water Constervation Feasibility Study 

September 29, 2010
Jeannine Hogg

1 Coordinate and consult with other PDT members for array of alternatives 3 $3,000 $300 $0 $3,300
2 Updates to Without Project water supply, demand and water costs analysis 8 $8,000 $800 $0 $8,800
3 Coordinate yield data for proposed alternatives 3 $3,000 $300 $0 $3,300
4 Evaluate impacts of alternatives, including recreation, traffic, existing structures 

within the basin, potential for downstream flooding, etc. 15 $15,000 $1,500 $0 $16,500
5 Updated Economic Model to evaluate With Project Future M&I Water Costs 10 $10,000 $1,000 $0 $11,000
6 Coordinate with PDT to determine costs for proposed alternatives 3 $3,000 $300 $0 $3,300
7 Analyze annual benefits and costs and benefit/cost analysis 5 $5,000 $500 $0 $5,500
8 Conduct the RED for proposed alternatives 10 $10,000 $1,000 $0 $11,000
9 Conduct the OSE for proposed alternatives 5 $5,000 $500 $0 $5,500

10 Prepare model & documentation for model review & certification 5 $5,000 $500 $0 $5,500
11 Meetings and coordination 4 $4,000 $400 $0 $4,400
12 Report documentation 5 $5,000 $500 $0 $5,500
13 Response to DQC, model review, ATR & policy review comments 4 $4,000 $400 $0 $4,400
14 Prepare for & Participate in F4 Conference 1 $1,000 $100 $0 $1,100

81 $81,000 $8,100 $0 $89,100 $0 $89,000

C Additional Analysis of Tentatively Recommended Plan (AFB)



Project Management Plan  -  Time and Cost Estimate for the Feasibility Phase Prepared:
Sec/Br By:

Task/ Task Predecessor/Successor Work PDT Section Branch Total Non-Labor Totals

Description To Task Days Labor Mgmt/Supt Mgmt/Supt Labor
Contract/ 
Travel, etc (Rounded)

Daily PDT Member and Section/Branch Support Labor Estimates                       (Sec/Br $ reflect % of 
daily $ applicable to this Project not total daily rate) $1,000 10% $0

Feasibility Phase (PMP)-Economics
Whittier Narrow Water Constervation Feasibility Study 

September 29, 2010
Jeannine Hogg

1
Update analysis & report per ATR, policy review, and model review comments 10 $10,000 $1,000 $0 $11,000

2 Revisions & updates to the water supply, demand and cost analysis 7 $7,000 $700 $0 $7,700
3 Detailed benefit/cost analysis for recommended  plan & LPP 7 $7,000 $700 $0 $7,700
4 Meetings and coordination 4 $4,000 $400 $0 $4,400
5 Report documentation 4 $4,000 $400 $0 $4,400
6 Respond to AFB ATR, IEPR and PGM comments 5 $5,000 $500 $0 $5,500
7 Participate in AFB conference 1 $1,000 $100 $0 $1,100



Project Management Plan  -  Time and Cost Estimate for the Feasibility Phase Prepared:
Sec/Br By:

Task/ Task Predecessor/Successor Work PDT Section Branch Total Non-Labor Totals

Description To Task Days Labor Mgmt/Supt Mgmt/Supt Labor
Contract/ 
Travel, etc (Rounded)

Daily PDT Member and Section/Branch Support Labor Estimates                       (Sec/Br $ reflect % of 
daily $ applicable to this Project not total daily rate) $1,000 10% $0

Feasibility Phase (PMP)-Economics
Whittier Narrow Water Constervation Feasibility Study 

September 29, 2010
Jeannine Hogg

Subtotal 38 $38,000 $3,800 $0 $41,800 $0 $42,000

D Draft Feasibility Report (F5)
1 Update analysis & report per ATR, PGM & IEPR Comments 10 $10,000 $1,000 $0 $11,000
2 Revisions & updates to the water supply, demand and cost analysis 6 $6,000 $600 $0 $6,600
3 Meetings and coordination 3 $3,000 $300 $0 $3,300
4 Prepare input for draft report and update economic appendix 3 $3,000 $300 $0 $3,300
5 Respond to comments on draft report 2 $2,000 $200 $0 $2,200

Subtotal 24 $24,000 $2,400 $0 $26,400 $0 $26,000
F   Final Report (F8)
1 Update analysis and report per review comments 5 $5,000 $500 $0 $5,500
2 Revisions and updates to the water supply, demand and cost analysis 4 $4,000 $400 $0 $4,400
3 Meetings and coordination 2 $2,000 $200 $0 $2,200
4 Prepare input for final report and update economic appendix 3 $3,000 $300 $0 $3,300
5 Provide Economics input for Chief's Report 2 $2,000 $200 $0 $2,200

$0 $0 $0 $0

Subtotal $16,000 $1,600 $0 $17,600 $0 $18,000
Section Total 216 232 000 23 200 0 255 200 0 $255 000Section Total 216 232,000 23,200 0 255,200 0 $255,000



Project Management Plan  -  Time and Cost Estimate for the Feasibility Phase Prepared:
Design Branch/Cost & Specs Engineering Section By:

Task/ Task Predecessor/Successor Work PDT Section Branch Total Non-Labor Totals

Description To Task Days Labor Mgmt/Supt Mgmt/Supt Labor
Contract/ 

Travel, etc (Rounded)

Daily PDT Member and Section/Branch Support Labor Estimates                       (Sec/Br $ reflect % of 
daily $ applicable to this Project not total daily rate) $1,100 $220 $50

A Initiate Study/Updated Baseline Conditions Report
1 Meetings, conferences, coordination Predecessor 4 $4,400 $880 $200 $5,480

Subtotal 4 $4,400 $880 $200 $5,480 $0 $5,000

B Alternatives Analysis/Recommended Plan Selection Report (F4)
1 Meetings, conferences, coordination, filing Predecessor 2 $2,200 $440 $100 $2,740
2 Research/gathering information Successor 3 $3,300 $660 $150 $4,110
3 Site Visit Successor 1 $1,100 $220 $50 $1,370
4 Quantities evaluation Successor 5 $5,500 $1,100 $250 $6,850
5 MCACES (Mii) Estimates for 3 alternatives Successor 15 $16,500 $3,300 $750 $20,550
6 Independent tech. Review (ITR), address comments Successor 3 $3,300 $660 $150 $4,110
7 Air Quality Impact Evaluation -- Env Support Successor 3 $3,300 $660 $150 $4,110

Subtotal 32 $35,200 $7,040 $1,600 $43,840 $0 $44,000

C Additional Analysis of Tentatively Recommended Plan (AFB)
1 Meetings, conferences, coordination Predecessor 2 $2,200 $3,300 $750 $6,250
2 Research/gathering information Successor 3 $3,300 $1,100 $250 $4,650
3 Quantities evaluation Successor 5 $5,500 $1,100 $250 $6,850
4 Refine MCACES (Mii) estimate for Alternative Successor 15 $16,500 $3,300 $750 $20,550

Feasibility Phase (PMP)
Whittier Narrows Dam Water Conservation Study - PMP,  FY 2011

October 15, 2010
Phillip Eng

Refine MCACES (Mii) estimate for Alternative Successor 15 $16,500 $3,300 $750 $20,550
5 Draft Cost Engineering Appendix Successor 5 $5,500 $1,100 $250 $6,850
7 Develop Total Project Cost Summary (TPCS) Successor 5 $5,500 $1,100 $250 $6,850

10 Independent Technical Review (ITR), address comments Successor 3 $3,300 $660 $150 $4,110
Subtotal 38 $41,800 $11,660 $2,650 $56,110 $0 $56,000

D Draft Feasibility Report (F5)
1 Final Draft Cost Engineering Appendix / Documentation Predecessor 5 $5,500 $1,100 $250 $6,850
2 Agency Technical Review (ATR), address comments Successor 3 $3,300 $660 $150 $4,110
3 Update/Change Mii (MCACES) Cost Estimate for NED (LRR if applicable) Successor 10 $11,000 $2,200 $500 $13,700
4 Update/Change Cost Engineering Appendix narrative Successor 3 $3,300 $660 $150 $4,110
5 Update / Change TPCS Successor 3 $3,300 $660 $150 $4,110
6  Cost and Schedule Risk Analysis (if necessary) Successor

Subtotal 24 $26,400 $5,280 $1,200 $32,880 $0 $33,000

F   Final Report (F8)
1 Meetings, conferences, coordination Predecessor 1 $1,100 $220 $50 $1,370
2 Final Cost Engineering Efforts Successor 5 $5,500 $1,100 $250 $6,850

Subtotal $6,600 $1,320 $300 $8,220 $0 $8,000
Section Total 98 114,400 26,180 5,950 146,530 0 $146,000



Time and Cost Estimate Prepared: 10/6/2010

Whittier Narrows Dam Last Updated: 11/4/2010
Water Conservation Feasibility Study By: KC

Task Task Work Task Need by
Number Days Total Milestone

1 Elevation-Frequency-Duration Analyses 37 $44,400 F4
2 Draft Documentation for F4 4 $4,800 F4
3 Final Adjustments Elevation-Frequency- 5 $6,000 F5
4 Conceptual Operation Plan 5 $6,000 F5
5 Final Draft Documentation for F5 3 $3,600 F5
6 Final Documentation for F8 6 $7,200 F8

Totals => 60 $72,000



Project Management Plan  -  Time and Cost Estimate for the Feasibility Phase Prepared:
Section -Asset Management Division By:

Task/ Task Predecessor/Successor Work PDT Section Branch Total Non-Labor Totals
DDR # Description To Task Days Labor Mgmt/Supt Mgmt/Supt Labor e.g. Travel (Rounded)

Daily PDT Member and Section/Branch Support Labor Estimates                       (Sec/Br $ reflect 
% of daily $ applicable to this Project not total daily rate) $1,000 $100 $150

A Initiate Study/ Update Baseline Conditions Report (F1-F3)
1 Coordination and Participation in team meetings 3 $3,000 $0 $450 $3,450
2        Preliminary Market Study/Identify and Determine land ownerships, 2 $2,000 $0 $300 $2,300

requirements and estates. $0 $0 $0 $0
$0 $0 $0 $0

Subtotal 5 $5,000 $0 $750 $5,750 $500 $6,000

B Alternatives Analysis/ Recommended Plan Selection Report (F4)
1 Coordination and Participation in team meetings 3 $3,000 $200 $450 $3,650
2 Detailed Estimate of all Real Estate Cost 5 $5,000 $0 $0 $5,000
3 Prepare Preliminary Take drawings 5 $5,000 $0 $0 $5,000
4 Coordinate Rights of Entry request (if applicable) 2 $2,000 $300 $300 $2,600
5 Prepare Preliminary draft of Real Estate Plan 15 $15,000 $0 $400 $15,400
6 Internal Technical Review 2 $2,000 $500 $800 $3,300

0 $0 $0 $0 $0
$0 $0 $0 $0
$0 $0 $0 $0

Subtotal 32 $32,000 $1,000 $1,950 $34,950 $500 $35,000

Feasibility Phase (PMP)
Whittier Narrows Water Conservation Study

October 21,2010
Pete Garcia

C Additional Analysis of Tentatively Recommend (AFB)
1 Coordination and Participation in team meetings 1 $1,000 $200 $300 $1,500

$0 $0 $0 $0
$0 $0 $0 $0

Subtotal 1 $1,000 $200 $300 $1,500 $0 $3,000

D Draft Feasibility Report (F5)
1 Real Estate's Final Draft Report 3 $3,000 $300 $450 $3,750
2 Real Estate Input to Project Management Plan for Plans and Specs. 2 $2,000 $200 $300 $2,500

$0 $0 $0 $0
$0 $0 $0 $0
$0 $0 $0 $0

Subtotal 5 $5,000 $500 $750 $6,250 $0 $12,500

E Final Report (F8)
1 Issue Resolution 2 $2,000 $200 $300 $2,500

$0 $0 $0 $0
Subtotal 2 $2,000 $200 $300 $2,500 $0 $3,000



Project Management Plan  -  Time and Cost Estimate for the Feasibility Phase Prepared:
Section -Asset Management Division By:

Task/ Task Predecessor/Successor Work PDT Section Branch Total Non-Labor Totals
DDR # Description To Task Days Labor Mgmt/Supt Mgmt/Supt Labor e.g. Travel (Rounded)

Daily PDT Member and Section/Branch Support Labor Estimates                       (Sec/Br $ reflect 
% of daily $ applicable to this Project not total daily rate) $1,000 $100 $150

Feasibility Phase (PMP)
Whittier Narrows Water Conservation Study

October 21,2010
Pete Garcia

Section Total 45 45,000 1,900 4,050 $50,950 $1,000 $52,000



Project Management Plan  -  Time and Cost Estimate for the Feasibility Phase Prepared:
By:

Task/ Task
Env 

Coordinator Biologist
Cultural 

Resources
EC Section 

Support

Biologist 
Sectin 

Support

Cultural 
Resources 

Section 
Support Branch

Planning 
Division Total Non-Labor

Total 
Section 
Support 
Labor Totals

Description 9 hour day 8 hour day 8 hour day Mgmt/Supt Mgmt/Supt Man/Support Labor
Contract/ 
Travel, etc

Daily PDT Member and Section/Branch Support Labor Estimates                       (Sec/Br $ reflect % of daily 
$ applicable to this Project not total daily rate) $1,260 $1,000 $126 $100 $126 $63

A Initiate Study/Updated Baseline Conditions Report
1 Record Search and Field Survey 10 $8,000 $200 $200 $100 $8,500

2 Meetings, draft measures, site visits 4 $4,000 $400 $400 $200 $5,000

3 Prepare document 6 $6,000 $600 $600 $300 $7,500
4 Resond to DQC comments/revise 1 $1,000 $100 $100 $50 $1,250
5 Respond to ATR comments and revise 1 $1,000 $100 $100 $50 $1,250
6 F3 Review Conference 1 $1,000 $100 $100 $50 $1,250
7
8

Subtotal 23 $0 $21,000 $1,500 $1,500 $750 $24,750 $19,000

B Alternatives Analysis/Recommended Plan Selection Report (F4)
1 Review, update surveys/ 2 $2,000 $200 $200 $100 $2,500
2 Coordinate with SHPO 4 $4,000 $200 $200 $100 $4,500
3 Participate in PDT meetings 2 $2,000 $200 $200 $100 $2,500
4 Prepare documentation 3 $3,000 $300 $300 $150 $3,750
5 Respond to DQC comments and Revise 1 $1,000 $100 $100 $50 $1,250
6 Respond to ATR comments and revise 1 $1,000 $100 $100 $50 $1,250
7 Participate in milestone conferrence 1 $1,000 $100 $100 $50 $1,250

Work 
Day      

Feasibility Phase (PMP)
Whittier Narrows Dam Basin Water Supply and Conservation Integrated Feasibility Study

September 30, 2010
Debbie LambEnvironmental Coordinator

7 Participate in milestone conferrence 1 $1,000 $100 $100 $50 $1,250

Environ



Project Management Plan  -  Time and Cost Estimate for the Feasibility Phase Prepared:
By:

Task/ Task
Env 

Coordinator Biologist
Cultural 

Resources
EC Section 

Support

Biologist 
Sectin 

Support

Cultural 
Resources 

Section 
Support Branch

Planning 
Division Total Non-Labor

Total 
Section 
Support 
Labor Totals

Description 9 hour day 8 hour day 8 hour day Mgmt/Supt Mgmt/Supt Man/Support Labor
Contract/ 
Travel, etc

Daily PDT Member and Section/Branch Support Labor Estimates                       (Sec/Br $ reflect % of daily 
$ applicable to this Project not total daily rate) $1,260 $1,000 $126 $100 $126 $63

Work 
Day      

Feasibility Phase (PMP)
Whittier Narrows Dam Basin Water Supply and Conservation Integrated Feasibility Study

September 30, 2010
Debbie LambEnvironmental Coordinator

Subtotal 14 0 $14,000 0 $1,200 1200 $600 $17,000 $17,000

C Additional Analysis of Tentatively Recommended Plan (AFB)
1 Revise and Update 2 $2,000 $200 $200 $100 $2,500
2 Attend and participate in team meetings 2 $2,000 $200 $200 $100 $2,500
3 Resond to DQC comments and revise 1 $1,000 $100 $100 $50 $1,250
4 Respond to ATR comments and revise 1 $1,000 $100 $100 $50 $1,250
5 Participate in milestone conference 1 $1,000 $100 $100 $50 $1,250
13

Subtotal 7 $0 $7,000 $700 $700 $350 $8,750 $9,000

Environ



Project Management Plan  -  Time and Cost Estimate for the Feasibility Phase Prepared:
By:

Task/ Task
Env 

Coordinator Biologist
Cultural 

Resources
EC Section 

Support

Biologist 
Sectin 

Support

Cultural 
Resources 

Section 
Support Branch

Planning 
Division Total Non-Labor

Total 
Section 
Support 
Labor Totals

Description 9 hour day 8 hour day 8 hour day Mgmt/Supt Mgmt/Supt Man/Support Labor
Contract/ 
Travel, etc

Daily PDT Member and Section/Branch Support Labor Estimates                       (Sec/Br $ reflect % of daily 
$ applicable to this Project not total daily rate) $1,260 $1,000 $126 $100 $126 $63

Work 
Day      

Feasibility Phase (PMP)
Whittier Narrows Dam Basin Water Supply and Conservation Integrated Feasibility Study

September 30, 2010
Debbie LambEnvironmental Coordinator

D Draft Feasibility Report (F5)
1 Revise and Update 2 $2,000 $200 $200 $100 $2,500
2 Participate in milestone conference 1 $1,000 $100 $100 $50 $1,250

Subtotal 3 $0 $3,000 $300 $300 $150 $3,750 $4,000
  Final Report (F8)

1 Address Agency and public comments and revise as required 2 $2,000 $200 $200 $100 $2,500
6 Meetings and coordination 1 $1,000 $100 $100 $50 $1,250
7 Addition Meetings 1 $1,000 $100 $100 $50 $1,250

Subtotal 4 $0 $4,000 $0 $400 $400 $200 $5,000 $5,000
Section Total 51 0 0 4,100 59,250 0 $54,000

Environ



From: Sulzer, Daniel E SPL
To: Anderson, Kathleen S SPL; Theresa Wu; 
cc: Axt, Josephine R SPL; Demesa, Eduardo T SPL; Van Dorpe, David M SPL; 

Green, Michael P SPL; 
Subject: RE: Whittier Narrows -Statement regarding funding  (UNCLASSIFIED)
Date: Friday, December 03, 2010 2:51:21 PM

Classification: UNCLASSIFIED 
Caveats: FOUO 

Ms. Wu, 

After conversations with Kathleen Anderson, Mike Green, and other Planning 
Staff, please see the message below.  I hope this is sufficient.  Please let 
me know if it is not.

The US Army Corps of Engineers Los Angeles District (SPL) is working closely 
with Los Angeles County Department of Public Works (LADPW) and the Water 
Replenishment District of Southern California (WRD) to update the Whittier 
Narrows Water Conservation Feasibility Study (Study)and are in final stages 
of completing a Project Management Plan (PMP) and Cost Sharing Agreement 
(FCSA) for District and South Pacific Division approval.  The approved FCSA 
and PMP will be provided to LADPW for signature.  Immediately afterwards, 
Commander Col Toy will sign off to execute the agreement. 

Los Angeles District is committed to pursuing funds for the project and has 
received $134,000 in 2010 in GI funds for the Study, has requested funds for 
2011 to continue work, and will be requesting funds for 2012.  The project 
team will use available funds to initiate the FCSA and will move forward on 
the feasibility study as quickly as possible once the agreement is signed and 
matching non-federal funds are received. The project cannot progress without 
receipt of matching funds. Once the cost share agreement is completed, we are 
confident funding will be made available with your matching funds. 

Thank you very much, and if you have any questions, please don't hesitate to 
call me. 

Daniel E. Sulzer 
Assistant Chief, Planning Division 
Los Angeles District 
U.S. Army Corps of Engineers 
(213) 452-3784
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CONSERVATION MASTER PLAN  
Highlights

REACHING BEYOND THE VISION:  
Achieving a Drought-Proof Region

W E S T  B A S I N  
M U N I C I PA L  WAT E R  D I S T R I C T



Once again, West Basin demonstrates its leadership in developing innovative local programs 
and partnering with businesses and government agencies to safeguard our precious water 
supply and retain the quality of life we so cherish in Southern California. 

Jacki Bacharach, Executive Director
South Bay Cities Council of Governments

”
“

The California Urban Water Conservation Council is pleased to indicate its overall support for the 
excellent conservation master planning efforts that have been initiated by West Basin MWD.  This 
effort is a thorough, well-thought out process that is rarely seen in conservation planning.

Mary Ann Dickinson, Executive Director
California Urban Water Conservation Council

”
“

The unique partnership between the Surfrider Foundation and West Basin Municipal 
Water District speaks to the ability of the District in reaching out to the environmental 

community.  I see this partnership as a model on how we can work together on 
an integrated approach to improving water quality at our local beaches while 

simultaneously meeting ever increasing demands for fresh water. 

Joe Geever, Environmental Coordinator
 Southern California Regional Manager 

Surfrider Foundation 

”

“

West Basin is a leader in promoting water supply sustainability in southern California. Their 
Conservation Master Plan is a leap forward in the pursuit of regional targets for water use 

efficiency, and an excellent complement to their aggressive water recycling program.

Tim Brick, Chairman 
Metropolitan Water District  

of Southern California

“
”
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California-American Water Company
California Water Service Company
Golden State Water Company
Los Angeles County Waterworks District #29
Water Replenishment District of S. California
South Bay Cities Council of Governments 
South Bay Energy Savings Center
California State University, Dominguez Hills
Los Angeles Unified School District

Surfrider Foundation
Heal the Bay
Mono Lake Committee
PV/South Bay Audubon Society
Ballona Creek Watershed
Santa Monica Baykeeper
Malibu Creek Watershed
Resource Conservation District  
    of the Santa Monica Mountains

I N T R O D U C T I O N

F  ifteen years ago, drought conditions throughout Southern California reminded us that we live in a desert-like environment.   
At that time, our region relied too much upon distant water sources.

Since that time, the West Basin Municipal Water District has joined with leaders in government, industry, the water community, 
environmental organizations and concerned citizens to pursue a comprehensive water resource strategy.  The goal in past years has been to 
achieve a safe and reliable water supply for Southern California – a supply that was not dependent predominantly on “imported” water. 

This ambitious goal has resulted in numerous successes.  Major water conservation, recycling and education programs have been launched 
with positive results.  The region’s water supply portfolio has diversified dramatically, becoming less dependent on imported water. 

In recognition of these accomplishments, West Basin has received several prestigious awards for its conservation programs and water 
sustainability initiatives. However, the District is not resting on these laurels. Going forward, the goal is to move “Beyond the Vision” in 
pursuing as many initiatives as possible to achieve a drought-proof region for generations to come. 

As we have learned, successful water conservation requires more than the application of water saving devices, retrofits and irrigation 
programs. Integrated partnerships between West Basin and numerous government agencies, political leaders, non-profit organizations, water 
and energy utilities, education, commercial and community groups have helped Southern California achieve a more reliable water supply. 
These outstanding partners include:

U.S. Bureau of Reclamation
California Dept. of Water Resources
Metropolitan Water District of S. California
City of El Segundo
City of Inglewood
City of Lomita
City of Malibu
City of Manhattan Beach
City of Torrance

Going forward, progress on water-related supply and sustainability issues will continue to help insure an integrated and diverse system of 
managing one of our region’s most precious resources  —  water. 



West Basin developed this Conservation Master Plan to guide regional 

investments and translate conservation goals into tangible initiatives for 

residents, businesses and governments.



1990
Heavy Dependence on Imported Supply

Groundwater
21%

Imported 79%

2006
Today’s Water Supply Mix

Conservation
7%

Recycling 
7%

Groundwater
21%

2015
More Balance and Diversity

Ocean 
Desalination

9%

Groundwater
21%

Conservation
12%

Recycling 
15%

Imported 65% Imported 43%
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R E AC H I N G  B E YO N D  T H E  V I S I O N :   A C H I E V I N G  A  D R O U G H T - P R O O F  R E G I O N

Conservation is an integral part of West Basin’s goals of reducing imported water use and diversifying the mix of 
supplies for the region.  Two decades ago most of our area’s need for water was met by imported sources. By 2015, a 

significant portion of local water will come from the conservation programs and policies now being implemented.

To reach these goals, West Basin developed this Conservation Master Plan to guide regional investments and translate 
conservation goals into tangible initiatives for residents, businesses and governments.  This Plan has been created to adapt to 
changing technologies and environmental conditions, while at the same time offering substantive recommendations within 
home environments and business communities.  Key highlights of the Plan are outlined on the following pages. 

The Master Plan is designed to be flexible and adaptable to changing technologies and environmental conditions. Similarly, 
the Plan is based on programs that deliver water and energy savings, environmental and other benefits that exceed the cost 
to local residents and businesses.



D E V E LO P M E N T  O F  T H E  C O N S E R VAT I O N  M A S T E R  P L A N

This Master Plan results from a collaborative and methodical process involving numerous stakeholders, water experts 
and government entities, and incorporates the following goals: 

Achieve long-term water savings targets
Implement cost-effective programs that have high stakeholder acceptance

Create a plan that is flexible and expandable

The steps necessary to develop the Master Plan are as follows:

Step 1: Create End-Use Database
Retail water agencies in the area provided water usage history from over 16,000 commercial and industrial accounts. Data 
included type of water user, total water use and location. Storing this information in a database will help West Basin design 
targeted, cost-effective conservation programs well into the future.

Step 2: Develop Preliminary Program Concepts 
Using the information provided in Step 1, and industry knowledge of conservation devices that are cost-effective and readily 
available, West Basin developed preliminary concepts for conservation programs. 

Step 3: Add Stakeholder Input
Through public workshops, individuals from local agencies, environmental groups, and conservation industry professionals 
offered insight into the pitfalls and possibilities of various conservation programs as well as ideas for new programs.  

Step 4: Complete, Evaluate and Rank Programs
Each program concept was expanded to include specific details regarding market potential, expected water savings, costs 
per unit and overall budget.  West Basin narrowed the program list using evaluation criteria weighted by importance. 

Step 5: Recommend Programs and Implementation Plan
The final recommended list of programs is a diverse mix of both new and on-going programs covering commercial, industrial, 
residential, and landscape opportunities. New programs will be phased-in to allow West Basin to adequately plan for budget 
and staffing needs.  The Recommended Program Mix was approved by the West Basin Board of Directors.

Step 6: Monitoring and Updating the Master Plan
The 5-Year Recommended Program Mix contained within the Master Plan is West Basin’s best projection of future water 
savings required to meet long-term targets. Actual results, however, may vary for many different reasons.  West Basin will 
monitor program performance and periodically update the Master Plan, drawing from the end-use database created in  
Step 1, and the latest conservation practices and devices. 
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C O N S E R VAT I O N  M A S T E R  P L A N  R E C O M M E N D E D  P R O G R A M  M I X

PROGRAMS FY
06-07

FY
07-08

FY
08-09

FY
09-10

FY
10-11

RESIDENTIAL
HET[1] Distributions & Multi-family Installations

Residential HECW[2] Rebates

HET Rebates
  
COMMERCIAL
Save-A-Buck CII Incentives

Complete Restroom Retro�t

Pre-Rinse Spray Valve Installs

Comprehensive Laundromat Program

Conductivity Controllers Incentive

Industrial Process Improvement

Comprehensive Supermarket Program
  
OUTDOOR
Smart

Ocean-Friendly Landscape

Controller Distributions
Residential and Professional
Landscape Workshops

Length of programs subject to availability of funding.
[1] HET = High-E�ciency Toilet
[2] HECW = High-E�ciency Clothes Washer 

West Basin hosts stakeholder  
workshop during Master Plan  
development.



There is still a large opportunity for water-

efficient retrofits within our businesses, schools, 

restaurants, and other high-traffic facilities.
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C O M M E R C I A L  A N D  I N D U S T R I A L  P R O G R A M S

The approximately 12,000 commercial customers in our region use 12% of all water in the region.  There is still a large 
opportunity for water-efficient retrofits within our businesses, schools, restaurants, and other high-traffic facilities.  

These customers can save water and save money by participating in one or more of the following West Basin incentive programs:

Complete Restroom Retrofit Program  
Through the aid of a State grant and various incentives, the Complete Restroom Retrofit Program provides qualifying 
businesses, schools, restaurants and other facilities with free water-efficient fixtures and installations that can save up to 
90,000 gallons of water annually. Every customer can receive up to two High-Efficiency Toilets (HET), two automatic sensor 
sink faucets and one Water-free urinal per restroom, at no cost.        

Comprehensive Laundromat Program  
Coin-operated laundromats are high water consumers. However, replacing laundromat machines can be a costly endeavor. 
Now, through partnership incentives from West Basin and several other water and energy utilities, participating laundromats 
can recover up to $680 for every washer that is upgraded to a high-efficiency model.  These new High-Efficiency Clothes 
Washers can reduce energy costs by up to 50% and lower water and sewer costs by 30-50% while conserving over 100 
gallons per day. 

“Save Water Save A Buck” Program 
 The “Save Water Save A Buck” Program currently offers rebates and incentives on various devices including toilets, waterless 
urinals and high-efficiency urinals, water brooms, connectionless food steamers and restaurant spray nozzles.   Businesses, 
schools, restaurants and other facilities can save up to several hundred dollars per product.  A complete list of all available 
“Save A Buck” incentives can be found by visiting www.westbasin.org. 

Cooling Tower Retrofit Program  
Cooling towers often are the largest users of water in industrial plants, office buildings, hospitals and other facilities with large 
air conditioning requirements. Automated monitoring and control systems can improve cooling system efficiency. In fact, 
towers retrofitted with conductivity or pH controllers can save as much as 3,000 gallons of water per day.    
          The Cooling Tower Retrofit Program targets buildings over three stories tall.  Businesses will receive financial and 
technical assistance to retrofit their cooling towers with conductivity controllers or pH / alkalinity controllers.  This program 
will launch in 2008.

Industrial Process Improvement Program   
Industrial process water use provides another promising opportunity for water efficiency improvements.  Few water 
conservation programs have been directed solely at process water use in the industrial sector.   
          Beginning in 2008, this new program will provide process-improvement surveys, customized incentives, and follow-up 
support to the approximately 1,300 small- to mid-sized West Basin industrial customers including those in food processing, 
textiles, electronics, industrial laundries, fabricated metals and dye houses. 



As part of its agency-wide, water-saving initiatives, West Basin has introduced 

several programs designed to reduce the amount of water used for indoor and 

outdoor purposes. 
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I N D O O R  A N D  O U T D O O R  R E S I D E N T I A L  P R O G R A M S 

Since 1991, West Basin and its city and water agency partners have saved billions of gallons of water through indoor 
conservation programs. An estimated 50,000 water-efficient toilets and rebates have been distributed, as well as low-

flow shower heads, sink aerators and washer rebates. 

Since outdoor landscape irrigation accounts for over half of all water use, West Basin has also introduced several programs 
designed to reduce the amount of water used for commercial and residential irrigation purposes. West Basin is partnering with 
cities, water agencies, botanical gardens and nurseries to provide residents with native plant selection classes and new  
irrigation technologies.

In a unique partnership, West Basin and The Surfrider Foundation will launch an “Ocean-Friendly” Landscape Program in 2007 
that will not only conserve water but also aid local communities in reducing dry weather runoff.

New Innovations     

o	 “Smart” irrigation controllers save water by automatically adjusting watering schedules based on weather patterns.

o	 High-Efficiency Toilets use about 20% less water than conventional ultra-low-flush toilets that use 1.6 gallons per flush.  Price 
decreases and customer incentives make it possible to distribute free toilets to the public. West Basin is also pursuing direct-
installation opportunities within the multi-family sector, which includes apartment buildings, homeowners associations, 
condominium complexes, and mobile home parks.

o	 High-Efficiency Clothes Washer Rebates will continue as long as funding is available. These washers save 50% of water and 
energy use. In addition, clothes come out cleaner with less wear and tear.  

o	 Free Landscape Surveys and Irrigation Equipment Incentives. Landscape professionals evaluate landscape areas, including 
soil and plant materials, and provide recommendations for enhanced water efficiency. Several incentives are also offered by 
West Basin to encourage commercial landscapers, homeowners, schools and parks to upgrade irrigation equipment. 

Participants in landscape class learn 
about programming irrigation controllers 
for water use efficiency.



Educating the next generation of Southern Californians about the importance 

of water and water-use is a critical goal of West Basin’s conservation program.



A D D I T I O N A L  P R O G R A M  I N I T I AT I V E S

Just as visionary thinking secured our region’s water supply goals decades ago, this same momentum continues to 
direct West Basin into the future. Our accomplishments in ocean-water desalination, water recycling and community 

outreach are just a few of the ways in which we reach “Beyond the Vision” to achieve a drought-proof water supply for our 
residents and businesses.

To further the District’s efforts, several additional programs support our efforts in water conservation. These include  
the following:

Education and Training
Educating the next generation of Southern Californians about the importance of water and water-use is a critical goal of West 
Basin’s conservation program. To this end, the District’s educational outreach programs have consistently grown in popularity 
and scope.  

Legislative Advocacy 
West Basin actively supports local, state and federal legislation that promotes water-efficient practices and technologies. 

Community Outreach
Public awareness is essential in promoting water conservation. West Basin provides cities and retail agencies with 
opportunities for support for conservation programs in their respective areas. 

Partnerships  
West Basin and the South Bay Energy Savings Center have joined forces to promote the interrelationship between water  
and energy use – and conservation.  Now, South Bay residents, businesses and institutions have convenient access to  
energy and water savings products, rebates and information.

Grantsmanship 
Through successful pursuit of grants and the generous contributions of various  
agency partners, West Basin is able to deliver approximately $3.50 worth of  
conservation programs for every dollar it spends. 
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South Bay Energy Savings Center hosts 
event promoting water and energy 
conservation partnership.



Today, with 185 square miles of territory and an ever-growing population, 

the District fully recognizes the importance of meticulous planning of future 

resource needs.



15

W E S T  B A S I N  M U N I C I PA L  WAT E R  D I S T R I C T 

T he West Basin Municipal Water District was formed in 1947 by the public to preserve underground water supplies 
by providing supplemental water.  Today, with 185 square miles of territory and an ever-growing population, the 

District fully recognizes the importance of meticulous planning of future resource needs.  Conservation is a critical resource 
component of the Integrated Resource Planning process; the goal being a master plan portfolio of conservation programs 
that deliver a high volume of water savings at a cost-effective price. 

West Basin Municipal Water District is governed by a 5 member Board of Directors elected by the public. The District 
serves the Cities and communities of Carson, Palos Verdes Estates, Rancho Palos Verdes, Rolling Hills, Rolling Hills 
Estates, Inglewood, South Ladera Heights, a portion of Lennox and unincorporated areas of Athens, Howard and Ross-
Sexton, Hermosa Beach, Lomita, Manhattan Beach, Redondo Beach and unincorporated areas of Torrance, Culver City, 
El Segundo, Malibu, West Hollywood and unincorporated areas of Lennox, North Ladera Heights, Del Aire, Topanga, 
View Park and Windsor Hills, Gardena, Hawthorne, Lawndale and unincorporated portions of El Camino Village.



W E S T  B A S I N  

M U N I C I P A L  W AT E R  D I S T R I C T

17140 South Avalon Blvd, Suite. 210 

Carson, California 90746-1296 

Phone: 310-217-2411 

www.westbasin.org
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Introduction
Reducing hot water use saves energy because your hot water heater 
has less work to do. Approximately 73% of the water used in a typical 
shower is hot water. Inexpensive and simple-to-install, low-flow 
showerheads and faucet aerators can reduce home water 
consumption and water heating costs by as much as 50%. Faucet 
aerators replace the faucet head screen, lowering the flow by adding 
air to the spray. Low-flow showerheads either draw in air, or have it 
forced into the water stream by using compressed air. The air-water 
mixture under pressure creates a high velocity spray, which makes it 
seem like more water is coming out than there actually is. 

Technology Options
The Federal Energy Policy Act of 1992 requires that all faucet fixtures 
manufactured in the United States restrict maximum water flow at or 
below 2.5 gallons per minute (gpm) at 80 pounds per square inch (psi) 
of water pressure or 2.2 gpm at 60 psi. This ensures that most faucet 
products available will offer at least minimal water efficiency benefits. 

There are two main types of low-flow faucets and showerheads: 
aerating (the most popular) and non-aerating. Aerating mixes air into the water stream. This 
maintains steady pressure so the flow has an even, full shower spray. Because air is mixed in with 
the water, the water temperature can cool down a bit towards the floor of the shower. Non-aerating 
adds a pulse to the water stream; maintaining temperature and delivering a strong spray. 

Efficiency Benefits
Standard kitchen and bathroom water faucets use 4 to 7 gallons of water per minute (gpm). This 
means that a single incidence of washing dishes may consume up to 120 gallons of water. Non-
conserving showerheads use 5 to 8 gpm, consuming up to 40 gallons of water for a single five-
minute shower. 

Simply installing a high-efficiency showerhead and faucet aerator will save about 7,800 gallons of 
water per year in an average household. An easy-to-install faucet aerator will reduce both the flow 
rate (from 4 to 7 gpm to 1 to 2.75 gpm) and splashing while increasing areas of coverage. This 
conserves water and improves faucet performance at the same time. Low-flow heads save more 
than 12 gallons per shower (a savings of 44% over non-conserving showerheads). Ultra-low-flow 
heads conserve even more, using only .8 to 1.5 gpm, reducing the average five-minute shower's 
water usage from 40 to 7.5 gallons. 

Cost-Effectiveness Example
Performance Base Modela Recommended Level Best Available

Water Use Only
Gallons per minute/cycle 2.5 gpm 2.2 gpm 1.5 gpm
Annual Water Use 18.250 gallons 16,060 gallons 10,950 gallons

Residential Overview > Product Guides >
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Annual Water Cost $73 $64 $44
Lifetime Water Cost $590 $520 $350

Electric Water Heating
Annual Energy Use 2,370 kWh 2,120 kWh 1,540 kWh
Annual Energy Cost $142 $127 $92
Lifetime Energy Costb $1,070 $960 $690
Lifetime Energy and Water Cost Savings - $200 $600

Gas Water Heating
Annual Energy Use 131 therms 120 therms 94 therms
Annual Energy Cost $53 $48 $38
Lifetime Energy and Water Cost Savings - $100 $350
aThe flow rate of the base model just meets the current Federal standards for showerheads. 
bLifetime energy cost is the sum of the discounted value of annual energy or water costs, based on 
average usage and an assumed showerhead life of 10 years. Future energy price trends and a 
discount rate of 4.1% are based on Federal guidelines (effective from April, 1998 to March, 1999). 
Future water and wastewater treatment costs are conservatively assumed to increase only at the 
rate of inflation. 
Note: Metric Conversions: 1 gallon = 3.8 liters 
By reducing the demand for hot water, a household reduces the amount of energy needed to heat 
the water. In this way, a low-flow showerhead helps to cut the emission of 376 pounds of climate-
changing carbon dioxide each year and a faucet aerator helps to prevent the release of 83 pounds 
of carbon dioxide per year. 

Purchasing Tips
Typically new kitchen faucets will be equipped with a 2.2 gallons per minute (gpm) aerator, while 
bathroom faucets usually have aerators that restrict flow to 1.5, 1.2, or even 1.0 gpm. If an aerator 
is already installed on the faucet, it will have its rated flow imprinted on the side. This should read 
2.75 gpm or lower. If the flow rate is higher, then it should be replaced. If no aerator is installed, 
check to see if there are threads just inside the tip of the faucet. Most modern faucets are threaded 
to accept aerators. For highest efficiency, insist on 1.0 gpm flow restrictors. It is the aerator (the 
screw-on tip of the faucet nozzle) that ultimately determines the maximum flow rate for water. It's a 
good idea to bring your old aerator (and any associated washers) to the store when you purchase 
a new one to ensure that the new aerator will fit on the faucet fixture. 

Before 1992, some showerheads had flow rates of 5.5 gpm. Therefore, if you have fixtures that pre
-date 1992, you might want to replace them if you're not sure of their flow rates. Here's a quick test 
to determine whether you should replace a showerhead: 

 
Place a bucket—marked in gallon increments—under your shower head.1.

Turn on the shower at the normal water pressure you use.2.

Time how many seconds it takes to fill the bucket to the 1-gallon (3.8 liter) mark.3.

If it takes less than 20 seconds to reach the 1-gallon mark, you could benefit from a low-flow 
shower head. Low-flow showerheads and faucet aerators are available at most hardware or 
plumbing supply stores. Low-flow faucet aerators usually cost $5 to $10. Low-flow showerheads 
range from $8 to $50. A wide variety of water conserving showerheads is available for purchase 
with prices starting at $2. A typical handheld massaging showerhead will cost around $25. 
Designer models cost from $50 to $300 depending on the model and materials used. Hand-held 
models are more expensive than fixed models. 

Use this cost calculator from the U.S. Department of Energy's Federal Energy Management 
Program (FEMP) to compare the energy costs for your selection with FEMP-recommended and 
"Best Available" faucets. You can model different scenarios by varying water cost, flow rates, 
electricity or gas costs and expected usage. 

There is a substantial difference in the quality of spray for different showerheads and faucets, even 
among models with the same flow rate. For spray pattern ratings and other features, refer to 
Consumer Reports (subscription required). 

Emerging Technology
A fairly recent trend in bathroom design could dramatically increase shower water usage. An 
oversized shower stall with two (or more) showerheads is becoming a popular item in upscale 
bathrooms across the country — potentially leading to two, three or even four times as much water 
for showering. Some of these showers have separate controls for each showerhead so that if only 
one person is showering, only one showerhead is used. 

With faucets, there are two designs making their way into homes. A foot pedal faucet controller is 
simply an on/off switch for your faucet located on the floor. A hands free "leaning" faucet controller 
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has considerably more potential in the residential market. A bar is installed underneath the sink 
counter as an on/off control for the faucet. The temperature and flow rate of the faucet are still 
adjusted with the handle, but depressing the bar by leaning against it starts the flow of water. 
When you move away, a spring pushes the bar out and stops the water flow. The bar also has a 
locking feature that enables the user to keep the faucet flowing. 

© 2010 Efficiency Partnership | Terms of use | Send us feedback
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Category Data Source
Power

ENERGY STAR Qualified Unit
Initial Cost per Unit $3.40 average of available products found in EPA research, 200
Wattage 10 watts calculated

15 watts calculated
18 watts calculated
25 watts calculated
37 watts calculated

Bulb Life 6,000 hours LBNL 2007
8,000 hours LBNL 2007

10,000 hours LBNL 2007
12,000 hours LBNL 2007

Lifetime
For 6,000 hour CFL 5 years calculated
For 8,000 hour CFL 7 years calculated
For 10,000 hour CFL 9 years calculated
For 12,000 hour CFL 11 years calculated

Conventional Unit
Initial Cost per Unit $0.60 average of available products found in EPA research, 200
Wattage 40 watts LBNL 2007

60 watts LBNL 2007
75 watts LBNL 2007

100 watts LBNL 2007
150 watts LBNL 2007

Bulb Life 750 hours LBNL 2007
1,000 hours LBNL 2007

Lifetime
For 750 hour incandescent bulb 0.7 years calculated
For 1,000 hour incandescent bulb 0.9 years calculated

Maintenance
Labor cost (per hour) $20 EPA 2004
Installation labor hours 0.15 hours Assumption

Usage
Hours used per day 3 hours/day LBNL 2007
Number of days per year 365        days/year Assumption

CFL annual bulb replacements
6,000 hours 0.18 bulbs/year Calculated
8,000 hours 0.14 bulbs/year Calculated
10,000 hours 0.11 bulbs/year Calculated
12,000 hours 0.09 bulbs/year Calculated

Incandescent annual bulb replacements
750 hours 1.46 bulbs/year Calculated
1,000 hours 1.10 bulbs/year Calculated

Discount Rate
Commercial and Residential Discount Rate (real) 4% A real discount rate of 4 percent is assumed, which is 

roughly equivalent to the nominal discount rate of 7 
percent (4 percent real discount rate + 3 percent 
inflation rate).

Energy Prices

Commercial Electricity Price $0.1030 $/kWh
Energy Information Administration, Annual Energy 
Outlook 2009 (Early Release) edition. (converted from 

Residential Electricity Price $0.1127 $/kWh

Energy Information Administration, Annual Energy 
Outlook 2009 (Early Release) edition. (converted from 
2007 to 2008 dollars). 

Carbon Dioxide Emissions Factors

Electricity Carbon Emission Factors 1.54 lbs CO2/kWh
EPA’s Climate Change Action Plan (CCAP) number for 
2009.

CO2 Equivalents

Annual CO2 sequestration per forested acre 9,700 lbs CO2/acre-yr

EPA’s Greenhouse Gas Equivalencies Calculator. 
http://www.epa.gov/cleanenergy/energy-
resources/calculator.html

Annual CO2 emissions for "average" passenger car 12,037 lbs CO2/acre-yr

EPA’s Greenhouse Gas Equivalencies Calculator. 
http://www.epa.gov/cleanenergy/energy-
resources/calculator.html

Assumptions for CFLs

Value



Number of units 1
Electricity Rate ($/kWh) 0.113$    
Hours used per day 3

Initial cost per unit (estimated retail price) $3.40 $0.60
Wattage (watts) 15 *

Lifetime (hours)

*ENERGY STAR wattage is calculated based on the wattage selected for the incandescent unit, user can enter an alternative value if desired.

Annual Operating Costs*

Energy cost $2 $7 $6
Maintenance cost $0 $4 $4
Total $2 $11 $9

Life Cycle Costs*

Operating cost (energy and maintenance) $14 $85 $71
Energy costs (lifetime) $14 $56 $42
Maintenance costs (lifetime) $0 $30 $30

Purchase price for 1 unit(s) $3.40 $0.60 -$2.80
Total $17 $86 $69

Simple payback of initial additional cost (years)†  0.3

 
Initial cost difference
Life cycle savings 
Net life cycle savings (life cycle savings - additional cost)
Simple payback of additional cost (years)
Life cycle energy saved (kWh)
Life cycle air pollution reduction (lbs of CO2)

Air pollution reduction equivalence (number of cars removed from the road for a year)
Air pollution reduction equivalence (acres of forest) 
Savings as a percent of retail price

ENERGY STAR 
Qualified Unit Conventional Unit

Annual and Life Cycle Costs and Savings for 1 CFLs

Life Cycle Cost Estimate for
1 ENERGY STAR Qualified Compact Fluorescent Lamp(s)

This energy savings calculator was developed by the U.S. EPA and U.S. DOE and is provided for estimating purposes only.    
Actual energy savings may vary based on use and other factors.  CFLs are available in a variety of shapes and sizes, but pricing 
in this calculator is based on the most common spiral or globe with standard screw-in base.

Enter your own values in the gray boxes or use our default values.

†  A simple payback period of zero years means that the payback is immediate.

Summary of Benefits for 1 CFLs

$3

$71

1 ENERGY STAR 
Qualified Units

1 Conventional 
Units

 Savings with 
ENERGY STAR

*  Annual costs exclude the initial purchase price. All costs, except initial cost, are discounted over the products' lifetime using a real discount 
rate of 4%. See "Assumptions" to change factors including the discount rate.

0.06

0.07

2020%

$69

0.3

450
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 10,000 

60
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Estimated Savings and Costs for New Fixtures 

Existing Fixture New Fixture 
Annual 
Savings  

Range of Cost 
per Unit 

Estimate Used for 
Application 

     
Pre-1992 model toilet, flushing at 
3.5 gpf or higher 

High-Efficiency Toilet  
[1.28 gallons per flush (gpf)] 

13,850 gallons $64 - $255 $215 

1.5 gpf or higher model urinal Low Consumption Urinal [0.125 gpf] 39,988 gallons $361 - $489 $400 
100 Watt Incandescent Light Bulb Compact Fluorescent Light Bulb  

(27 Watt Compact Fluorescent Light 
Bulb) 

450 kilowatt- 
hours per year 

$2 - $3 $3 

Standard Showerhead [2.5 to 2.2 
gpm] 

Low-Flow Showerhead (1.5 gpm) 11,994 gallons $8 - $11 $3 

Standard aerator [2.5 to 2.2 gpm] Low-Flow Aerators  
[0.5 gallons per minute(gpm)] 3,999 gallons $2 - $3 $3 

Non-weather based irrigation timer Weather Based Irrigation 
Controller(s) 4,204 gallons $900 - $1,400 $1,250 

 325,900 gallons = 1 acre-foot 
 gpf = gallons per flush 
 gpm = gallons per minute



High-Efficiency Toilet Examples 
 

FLUSHOMETER-TYPE TOILET EXAMPLE 

Toto TMT1LN  
• 1.28 GPF Manual Toilet Flushometer Valve Only  

Our Price:  $141.60  
Toto CT705EN  
• 1.28GPF Commercial Elongated Flushometer HET (Less Seat and Flush Valve)  

Our Price: $114.60 - $132.00  

 
•  

 

TANK-TYPE TOILET EXAMPLE 

 
 
PROFLO PF9412WHC White PF9400 1.28gpf High-Efficiency Toilet Tank PF9412WHC  

Type: Toilets, Thermostats/Valves and Trim  
1.28gpf High-Efficiency Toilet TankFeatures:Tank only Vitreous china HET (High Efficiency 
Toilet) Gravity fed, double jetted box rim EPA WaterSense Certified 81/2" x 7" water surface 
Uses 20% less water than standard low more ...  
Part #:  
PF9412WHC  
Lowest Price: $63.65 
 

Assumptions Used for Application 
• It is expected that there will be more tank type toilets installed 

through the program, therefore evening out the cost difference.  
This will even out the cost that was quoted in the proposal ($215 

http://www.faucetdirect.com/toto-tmt1ln-1-28-gpf-manual-toilet-flushometer-valve-only/p1156067�
http://www.faucetdirect.com/toto-ct705en-1-28gpf-commercial-elongated-flushometer-het-less-seat-and-flush-valve/p1155928�
http://www.faucetdirect.com/toto-tmt1ln-1-28-gpf-manual-toilet-flushometer-valve-only/p1156067
http://www.faucetdirect.com/toto-ct705en-1-28gpf-commercial-elongated-flushometer-het-less-seat-and-flush-valve/p1155928
javascript:showAllDescription('top-description',%20226)
http://www.nextag.com/PROFLO-PF9412WHC-White-PF9400-752450282/prices-html?nxtg=63340a1c0516-AB3DBCC7D5D959C0


per toilet) 
• Flushometer-type toilets would replace existing commercial 

flushometer toilets 
• Tank-type toilet to be used for the other application (hotel 

guest rooms).   
Please note that these are retail prices and most likely the contractor 
selected to implement this program will obtain wholesale prices 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



High-Efficiency Urinal Examples 
 

Water Saving, Eco-Friendly Urinal #Z5738 

 
Shown: #Z5738.207 

Manual "The Small Pint" Urinal  
$361.42 

 

 
Source: Plumbing Supply.com 

 
One of the above model urinals is priced higher than the estimated 
price; however we anticipate there will be enough of a variety of 

Water Saving, Eco-Friendly Retrofit Urinal #Z5758 

 
Shown: #Z5758.207 

Manual "The Retrofit Pint" 
Urinal  
$489.87  

  

Water Saving, Eco-Friendly Retrofit Urinal #Z5759 

 
click for larger 

image 

Very Low Water Consumption "Retrofit Pint" Concealed 
Urinal = $371.23  

  

http://www.plumbingsupply.com/images/zurn-low-flow-urinal-ecovantage-z5738-207.jpg�
http://www.plumbingsupply.com/images/zurn-low-flow-urinal-ecovantage-z5758-207.jpg�
http://www.plumbingsupply.com/images/zurn-low-flow-urinal-ecovantage-z5759.jpg�
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installation that we will remain under the amount budgeted for the 
purchase of urinals overall. 
 



GAIL FARBER, Director

December 16, 2010

COUNTY OF LOS ANGELES
DEPARTMENT OF PUBLIC WORKS

"To Enrich Lives Through Effective and Caring Service"

900 SOUTH FREMONT AVENUE
ALHAMBRA, CALIFORNIA 91803-1331

Telephone: (626) 458-5100
http://dpw.lacounty.gov ADDRESS ALL CORRESPONDENCE TO:

P.O. BOX 1460
ALHAMBRA, CALIFORNIA 91802-1460

IN REPLY PLEASE

REFER TO FILE:

Mr. Zaffar Eusuff, Program Manager
Department of Water Resources
Division of Financial Assistance
P.O. Box 942836
Sacramento, CA 94236

Dear Mr. Eusuff:

LOS ANGELES COUNTY WATERWORKS DISTRICT NO. 29, MALIBU
LETTER OF FINANCIAL SUPPORT
We are pleased to provide this Letter of Financial Support for the West Basin Municipal
Water District's (West Basin) Water and Energy Efficiency in the Schools and
Hotel/Motel Sectors Program being submitted for Proposition 84 funding.

The Los Angeles County Waterworks District No. 29, Malibu (District), is a retail agency
of the West Basin. West Basin's proposed project directly affects the District's service
area in the City of Malibu and the unincorporated area of Topanga in the North Santa
Monica Bay subregion of the Greater Los Angeles County Integrated Regional Water
Management Planning area. The benefits from this project are so substantial that the
District is committing a financial contribution of up to $108,000 towards this project.

The City of Malibu and the unincorporated area of Topanga are 100 percent dependent
on imported water supplies and, therefore, water conservation programs are vital for
ensuring the reliability of water in this area. We believe that the anticipated annual
savings of 82 acre-feet of water and 347,945 kilowatt-hours of electricity will have a
significant impact to this area. These savings will also assist in meeting the State's
20 percent energy and water conservation target by 2020. The schools and hotels/
motels will benefit from the actual device retrofits while providing an opportunity to
educate the students of the schools and guests of the hotels/motels on conserving
water and energy.



GAIL FARBER
Director of Public W k
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Mr. Zaffar Eusuff
December 16, 2010
Page 2

area and helpingWe look forward to this project being implemented within our service
to meet the State's targets for energy and water conservation.

If you have any questions, please contact Ms. Virginia Maloles-Fowler at
vmfowler@dpw.lacounty.gov .

Very truly yours,

(626) 300-3362 or
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Showerhead Examples 
 

 

 

   

 

Ultra Saver Showerhead, 1.5 GPM
 

Price: $7.49

 
 

1.5 GPM SHOWERHEAD W/PUSH BTN. - 1 EA  

 
Image for illustration 

purposes only 

Click here to view alternate 
photo   

Information 

Product Code: 
9707704 (BD SKU 
882584) 

Manufacturer: 
WHEDON PRODUCTS 
(1) 

Manufacturer's 
P/N: 

USB4C  

UPC: 043433312432 

Pricing Details 

Retail Price: $ 10.45 

Your Price: 
$ 8.96 / 1 EA (you 
must purchase at least 
2)  

Stock: Only 23 left in stock 



(most orders ship 
within 24 business 
hours)  

Weight: 3.68 pounds  

Quantity to 
Order: 

2
(System 

may automatically enter 
minimum order 
quantity)  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Aerator Examples 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

0.5 GPM Low Flow Dual-Thread 
Faucet Aerator - Kitchen & 
Bathroom 

 
 

 
 

2 new from $2.00   

0.5 GPM Low 
Flow Dual-
Thread Faucet 
Aerator - 
Kitchen & 
Bathroom 
  

Our 
Price:  $2.00 
  
* Shipping: $4.99 
 

javascript:;�
http://www.amazon.com/gp/offer-listing/B0034UMZA6/ref=dp_olp_new?ie=UTF8&qid=1288741535&sr=1-2&condition=new
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