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Executive Summary

This report serves as the 2010 update of the City of Tustin's (City) Urban Water

Management Plan (UWMP). The UWMP has been prepared consistent with the

requirements under Water Code Sections 10610 through 10656 of the Urban Water

Management Planning Act (Act), which were added by Statute 1983, Chapter 1009, and

became effective on January 1, 1984. The Act requires "every urban water supplier
providing water for municipal purposes to more than 3,000 customers or supplying more

than 3,000 acre-feet of water annually" to prepare, adopt, and file an UWMP with the

California Department of Water Resources (DWR) every five years. 2010 UWMP

updates are due to DWR by August 1, 2011.

Since its passage in 1983, several amendments have been added to the Act. The most

recent changes affecting the 2010 UWMP include Senate Bill 7 as part of the Seventh

Extraordinary Session (SBx7-7) and SB 1087. Water Conservation Act of 2009 or SBx7-

enacted in 2009 is the water conservation component of the Delta package. It stemmed

from the Governor's goal to achieve a 20% statewide reduction in per capita water use by
2020 (20x2020). SBx7-7 requires each urban retail water supplier to develop urban water

use targets to help meet the 20% goal by 2020 and an interim 10% goal by 2015.

Service Area and Facilities

The City provides water to a population of 69,010 throughout its 8.4 square mile service

area. The City receives its water from two main sources, the Lower Santa Ana River

Groundwater basin, which is managed by the Orange County Water District (OCWD)
and imported water from the Municipal Water District of Orange County (MWDOC)

through East Orange County Water District (EOCWD). Groundwater is pumped from 8

untreated or "clear" groundwater wells that pump directly into the distribution system and

two treatment facilities that treat groundwater from 5 additional wells.

Water Demand

Currently, the total water demand for retail customers served by the City is approximately
13,000 acre-feet annually consisting of 1,890 acre-feet of imported water and 11,110
acre-feet of local groundwater. The City is projecting a 17% increase in demand in the

next 25 years accompanying a proj ected 7% population growth.

With MWDOC's assistance, the City has selected to comply with Option 1 of the SBx7-

compliance options. The City is a member of the Orange County 20x2020 Regional
Alliance formed by MWDOC. This regional alliance consists of 29 retail agencies in

City of Tustin
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Executive Summary

Orange County. Under Compliance Option 1, the City's 2015 interim water use target is

170.6 GPCD and the 2020 final water use target is 151.6 GPCD.

Water Sources and Supply Reliability

The City's main sources of water supply are groundwater from the Lower Santa Ana

River Groundwater Basin and imported water from Metropolitan through MWDOC.

Today, the City relies on 85% groundwater and 15% imported water. It is projected that

through 2035, the water supply mix will remain roughly the same. The sources of

imported water supplies include the Colorado River and the State Water Project (SWP).
Metropolitan's 2010 Integrated Water Resources Plan (IRP) update describes the core

water resource strategy that will be used to meet full-service demands (non-interruptible
agricultural and replenishment supplies) at the retail level under all foreseeable

hydrologic conditions from 2015 through 2035.

It is required that every urban water supplier assess the reliability to provide water service

to its customers under normal, dry, and multiple dry water years. Metropolitan's 2010

RUWMP finds that Metropolitan is able to meet full service demands of its member

agencies with existing supplies from 2015 through 2035 during normal years, single dry
year, and multiple dry years. The City is therefore capable of meeting the water demands

of its customers in normal, single dry, and multiple dry years between 2015 and 2035, as

illustrated in Table 3-12, Table 3-13, and Table 3-14, respectively.

Future Water Supply Projects

The City has planned water infrastructure improvements to maximize groundwater
production in the future. New water supply sources will be developed primarily to better

manage the Lower Santa Ana Groundwater Basin resource and to replace or upgrade
inefficient wells, rather than to support population growth and new development. The

City has developed a water system capital improvement program (CIP) to minimize the

dependence on imported water supply and to foster a program to increase the

groundwater quality in the aquifer underlying the service area. The City's goal is to

develop local groundwater sources that when combined with treated groundwater
supplies will provide 100 percent of the required supply within the next 25 years.

In Orange County, there are three proposed ocean desalination projects that could serve

MWDOC and its member agencies with additional water supply. These are the

Huntington Beach Seawater Desalination Project, the South Orange Coastal Desalination

Project, and the Camp Pendleton Seawater Desalination Project.

City of Tustin
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1. Introduction

1.1. Urban Water Management Plan Requirements

Water Code Sections 10610 through 10656 of the Urban Water Management Planning
Act (Act) require "every urban water supplier providing water for municipal purposes to

more than 3,000 customers or supplying more than 3,000 acre-feet of water annually" to

prepare, adopt, and file an UWMP with the California Department of Water Resources

DWR) every five years. 2010 UWMP updates are due to DWR by August 1, 2011.

This UWMP provides DWR with information on the present and future water resources

and demands and provides an assessment of the City's water resource needs.

Specifically, this document will provide water supply planning fora 25-year planning
period in 5-year increments. The plan will also identify water supplies for existing and

future demands, quantify water demands during normal year, single-dry year, and

multiple-dry years, and identify supply reliability under the three hydrologic conditions.

The City's 2010 UWMP update revises the 2005 UWMP. This document has been

prepared in compliance with the requirements of the Act as amended in 2009, and

includes the following discussions:

Water Service Area and Facilities

Water Sources and Supplies
Water Use by Customer Type
Demand Management Measures

Water Supply Reliability
Planned Water Supply Projects and Programs
Water Shortage Contingency Plan

Recycled Water

Since its passage in 1983, several amendments have been added to the Act. The most

recent changes affecting the 2010 UWMP include Senate Bill 7 as part of the Seventh

Extraordinary Session (SBx7-7) and SB 1087. Water Conservation Act of 2009 or SBx7-

7 enacted in 2009 is the water conservation component of the historic Delta package. It
stemmed from the Governor's goal to achieve a 20% statewide reduction in per capita
water use by 2020 (20x2020). SBx7-7 requires each urban retail water supplier to

develop urban water use targets to help meet the 20% goal by 2020 and the interim 10%

goal by 2015. Each urban retail water supplier must include in its 2010 UWMPs the

following information from its target-setting process:

City of Tustin
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Introduction

Baseline daily per capita water use

2020 Urban water use target
2015 Interim water use target

Compliance method being used along with calculation method and support data

Wholesale water suppliers are required to include an assessment of present and proposed
future measures, programs, and policies that would help achieve the 20 by 2020 goal.

The other recent amendment made to the UWMP Act to be included in the 2010 UWMP

is set forth by SB 1087, Water and Sewer Service Priority for Housing Affordable to

Low-Income Households. SB 1087 requires water and sewer providers to grant priority
for service allocations to proposed developments that include low income housing. SB

1087 also requires UWMPs to include projected water use for single- and multi-family
housing needed for low-income households.

The sections in this UWMP correspond to the outline of the Act, specifically Article 2,
Contents of Plans, Sections 10631, 10632, and 10633. The sequence used for the required
information, however, differs slightly in order to present information in a manner

reflecting the unique characteristics of the City's water utility. The UWMP Checl~list has

been completed, which identifies the location of Act requirements in this Plan and is

included as Appendix A.

City of Tustin ~ _
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Introduction

1.2. Agency Overview

The City, located in central Orange County is a General Law city. The City has a

Council-Manager form of government which consists of an elected City Council

responsible for policy making, and a professional City Manager, appointed by the

Council The current members of the City Council are:

Jerry Amante -Mayor
John Nielsen -Mayor Pro Tem

Deborah Gavello -Councilmember

Rebecca "Beckie" Gomez -Councilmember

Al Murray -Councilmember

The City receives its water from two main sources, the Lower Santa Ana River

Groundwater basin, which is managed by the Orange County Water District (OCWD)
and imported water from the Municipal Water District of Orange County (MWDOC)

through East Orange County Water District (EOCWD). MWDOC is Orange County's
wholesale supplier and is a member agency of the Metropolitan Water District of

Southern California (Metropolitan).

1.3. Service Area and Facilities

1.3.1. Tustin's Service Area

The City is located in central east Orange County as shown in Figure 1-l. The City is

bounded by the City of Orange to the north, the City of Santa Ana to the west, the City of

Irvine to the south, and unincorporated areas of Orange County to the east. The City is

approximately 35 miles south of Los Angeles and 10 miles inland from the Pacific

Ocean. The City has an area of 8.4 square miles and an elevation of about50 feet above

sea level. The topography of the City combines generally flat areas with gradual rolling
hills. The City provides potable water service to most of the incorporated area of the City
and also to unincorporated county areas north of the City. Figure 1-2 illustrates the City's
service area boundary.

City of Tustin
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1.3.2. Tustin's Water Facilities

The City provides domestic and fire protection water service to most of the incorporated
area of the City and also to unincorporated areas north of the City.

The City receives approximately 75% of its water from underlying groundwater in the

Lower Santa Ana Groundwater Basin. The remaining 25% is imported water purchased
from EOCWD. The City has eight untreated or "clear" groundwater wells that pump

directly into the distribution system and two treatment facilities that treat groundwater
from five additional wells.

Elevations in the City's service area range from 60 feet above mean sea level at Warner

and Redhill to 435 feet in the Lemon Heights area. The water system is divided into three

pressure zones. The average ground elevations for Zones 1, 2, and 3 are 210 feet, 280

feet, and 400 feet above mean sea level, respectively.

The City delivers water supplies through 170 miles of 1.5-inch to 20-inch water mains

and three booster stations. The City pumps its groundwater from 12 wells, inclusive of

five wells that undergo nitrate and total dissolved solids (TDS) removal through the Main

Street Plant and the 17tH Street Desalter Treatment Plant.

Storage is required to balance variations in demand (operational or regulatory storage), to

provide water for fighting fire (fire storage), and to provide water when normal supplies
are reduced or unavailable due to unusual circumstances (emergency storage). The

existing storage system consists of five reservoirs with a combined storage capacity of

approximately 7.83 million gallons (MG).

A sixth reservoir, Rawlings Reservoir was taken out of service. The City is currently in

the process of designing a replacement to the existing Rawlings Reservoir, which will

increase overall capacity to approximately 13.83 MG. The project is planned to begin in

2011.

City of Tustin
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2. Water Demand

2.1. Overview

Currently, the total water demand for retail customers served by the City is approximately
13,000 acre-feet annually consisting of 1,890 acre-feet of potable water and 11,110 acre-

feet of groundwater. In the last five years, the City's water demand increased by
1.3%while population has increased by 4.3 percent. The City is projecting a population
growth of7% accompanied by an increasing water demand trend of 17% in the next 25

years.

The passage of SBx7-7 will increase efforts to reduce the use of potable supplies in the

future. This new law requires all of California's retail urban water suppliers serving more

than 3,000 AFY or 3,000 service connections to achieve a 20% reduction in potable water

demands (from a historical baseline) by 2020. Due to great water conservation efforts in

the past decade, the City is on its way to meeting this requirement on its own. Moreover,
the City has elected to join the Orange County 20x2020 Regional Alliance. The City
together with other 28 retail agencies in Orange County are committed to reduce the

region's water demand by 2020 through the leadership of MWDOC, the region's
wholesale provider.

This section will explore in detail the City's current water demands by customer type and

the factors which influence those demands as well as providing a perspective of its

expected future water demands for the next 25 years. In addition, to satisfy SBx7-7

requirements, this section will provide details of the City's SBx7-7 compliance method

selection, baseline water use calculation, and its 2015 and 2020 water use targets.

2.2. Factors Affecting Demand

Water consumption is influenced by many factors from climate characteristics of that

hydrologic region, to demographics, land use characteristics, and economics. The key
factors affecting water demand in the City's service area are discussed below.

2.2.1. Climate Characteristics

The City is located in an area known as the South Coast Air Basin (SCAB). The SCAB

climate is characterized by southern California's "Mediterranean" climate: asemi-arid

environment with mild winters, warm summers and moderate rainfall. The general region
lies in the semi-permanent high pressure zone of the eastern Pacific. As a result, the

climate is mild, tempered by cool sea breezes. The usually mild climatologicallypattem
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is interrupted infrequently by periods of extremely hot weather, winter storms, or Santa

Ana winds.

The City's average temperature ranges from 55 degrees Fahrenheit in January to 73

degrees Fahrenheit in August with an average annual temperature of 63 degrees. Annual

precipitation is typically approximately 14 inches, occurring mostly between November

and March (Table 2-1). The average evapotranspiration (ETo) is almost 50 inches per

year which is four times the annual average rainfall. This translates to a high demand for

landscape irrigation for homes, commercial properties, parks, and golf courses.

Moreover, a region with low rainfall like Southern California is also more prone to

droughts.

Table 2-1: Climate Characteristics

Standard

Monthly Average
ETo (inches) [1]

Annual Rainfall

inches) [2]

Average

Temperature

F) [3]

Jan 2.18 2.96 54.5

Feb 2.49 3.07 55.9

Mar 3.67 2.97 57.3

Apr 4.71 0.77 60.9

May 5.18 0.28 64.2

Jun 5.87 0.10 68.1

Jul 6.29 0.01 72.1

Aug 6.17 0.14 73.1

Sep 4.57 0.34 71.4

Oct 3.66 0.40 66.1

Nov 2.59 1.22 59.1

Dec 2.25 1.79 54.3

Annual 49.63 13.87 63.1

1] CIMIS Station #75, Irvine, California from October 1987 to Present

2] NOAA, Tustin Irvine Ranch, California 1971 to 2000, Mean Precipitation Total

3] NOAA, Tustin Irvine Ranch, California 1971 to 2000, Mean Temperature

The source of the City's imported water supplies, the State Water Project and Colorado

River Project, is influenced by weather conditions in Northern California and along the

Colorado River. Both regions have recently been suffering from multi-year drought
conditions and record low rainfalls which directly impact demands and supplies to

Southern California.
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2.2.2. Demographics

The City serves a population of 69,010. As noted above, the population within the City's
service area is expected to increase by 7% in the next 25 years, or 0.28% annually. Table

2-2 shows the population projections for the next 25 years based on the California State

University at Fullerton, Center for Demographic Research (CDR) projections. The City is

predominantly residential with over 70% of water service connections serving single-
family or multi-family residences. With the exception of commercial development,
limited growth potential exists due to minimum availability of open space.

Table 2-2: Population -Current and Projected

1] Center for Demographic Research, California State University, Fullerton 2010

2.3. Water Use by Customer Type

The knowledge of an agency's water consumption by type of use or by customer class is

key to developing that agency's water use profile which identifies when, where, how, and

how much water is used, and by whom within the agency's service area. A

comprehensive water use profile is critical to the assessment of impacts of prior
conservation efforts as well as to the development of future conservation programs.

This section provides an overview of the City's water consumption by customer type in

2005 and 2010, as well as projections for 2015 to 2035. The customer classes are

categorizes as follows: single-family residential, multi-family residential,
commercial/industrial/institutional (CII), dedicated landscape, and agriculture. Other

water uses including sales to other agencies and non-revenue water are also discussed in

this section.

2.3.1. Overview

The City has approximately 15,560 customer connections to its water distribution system.
The City is expected to add 1,355 more connections by 2035. All connections in the

City's service area are metered.

Approximately 73% of the City's water demand is residential. CII including dedicated

landscape consume approximately 23% of the City water supply. The City also provides
sales to agriculture, 2% of total City water demand.
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Tables 2-3 and 2-4 provide a summary of past, current, and proj ected water use by
customer class and the number of water service customers by sector in five-year
increments from 2005 through to 2035.

Table 2-3: Past, Current and Projected Service Accounts by Water Use Sector

Fiscal Number of Accounts by Wa ter Use Sector

Year

Ending
Single

Family

Multi-

Family
Commercial Industrial

Institutional

Gov
Landscape Agriculture Other

Total

Accounts

2005 11,683 858 1,399 4 13,944

2010 13,178 863 827 54 179 210 9 239 15,559

2015 13,408 878 841 55 182 214 9 243 15,831

2020 13,639 893 856 55 185 217 9 247 16,102

2025 13,869 908 870 55 188 221 9 252 16,373

2030 14,099 923 885 55 192 225 9 259 16,646

2035 14,329 938 899 56 195 229 9 259 16,914

Table 2-4: Past, Current and Projected Water Demand by Water Use Sector

Fiscal Water Demand by Water Use Sectors (AFY)
Year

Ending
Single

Family

Multi-

Family
Commercial Industrial

Institutional

Gov
Landscape Agriculture Other

Total

Demand

2005 7,175 3,522 1,174 261 522 391 13,046

2010 6,612 2,872 1,162 344 917 549 241 303 13,000

2015 6,957 2,923 1,197 355 945 565 249 311 13,500

2020 7,242 3,010 1,209 355 954 571 249 314 13,905

2025 7,532 3,108 1,221 355 964 576 249 318 14,322

2030 7,846 3,183 1,233 355 983 582 249 321 14,752

2035 8,175 3,260 1,239 355 1,002 588 249 324 15,194

2.3.2. Residential

Residential water use accounts for the majority of the City's water demands. The single
family residential sector accounts for 51% and multi-family residential accounts for 22%

of the total water demand. The remaining demands are for the non-residential sector and

system losses. Water consumption by the residential sector is projected to remain at about

75% through the 25-year planning horizon.

2.3.3. Non-Residential

In 2010 non-residential demand was 27% of the overall demand and is expected to

remain so through 2035. The City has a mix of commercial uses (markets, restaurants,

etc.), public entities (such as schools, fire stations and government offices), office
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complexes, light industrial, warehouses and facilities serving the public. CII uses

excluding large landscape) represent a combined 19% of the City's total demand.

Demands from large landscapes such as parks and golf courses are expected to remain at

around 4% of the City's total water demands for the next 25 years.

2.3.4. Other Water Uses

2.3.4.1. Sales to Other Agencies

While the City does sell water outside of its service area, the City does not sell water to

other agencies.

2.3.4.2. Non-Revenue Water

Non-revenue water is defined by the International Water Association (IWA) as the

difference between distribution systems input volume (i.e. production) and billed

authorized consumption. Non-revenue water consists of three components: unbilled

authorized consumption (e.g. hydrant flushing, fire fighting, and blow-off water from

well start-ups), real losses (e.g. leakage in mains and service lines), and apparent losses

unauthorized consumption and metering inaccuracies).

The City's non-revenue water accounts for approximately 6.8% of the City's total water

uses and is expected to remain. This represents a decrease from ll% in 2005 (Table 2-5).

Table 2-5: Additional Water Uses and Losses (AFY)

W
Fiscal Year Ending

ater Use
2005 2010 2015 2020 2025 2030 2035-opt

Saline Barriers

Groundwater Recharge

Conjunctive Use

Raw Water

Recycled Water

Unaccounted-for System Losses 1,474 884 918 946 974 1,003 1,033

Total 1,474 884 918 946 974 1,003 1,033

2.4. SBx7-7 Requirements

2.4.1. Overview

SBx7-7, which became effective on February 3, 2010, is the water conservation

component to the Delta legislative package. It seeks to implement Governor

Schwarzenegger's 2008 water use reduction goals to achieve a 20% statewide reduction

in urban per capita water use by December 31, 2020. As discussed above, the bill requires

i

Municipal Water District of Orange County, Water Loss Management Program Assessment (June 2010)
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each urban retail water supplier to develop urban water use targets to help meet the 20%

goal by 2020 and an interim 10% goal by 2015. The bill establishes methods for urban

retail water suppliers to determine targets to help achieve water reduction targets. The

retail water supplier must select one of the four compliance options. The retail agency

may choose to comply to SBx7-7 as an individual or as a region in collaboration with

other water suppliers. Under the regional compliance option, the retail water supplier still

has to report the water use target for its individual service area. The bill also includes

reporting requirements in the 2010, 2015, and 2020 UWMPs. An agency that does not

comply with SBx7-7 requirement will not be eligible for a water grant or loan from the

state on and after July 16, 2016.

2.4.2. SBx7-7 Compliance Options
DWR has established four compliance options for urban retail water suppliers to choose

from. Each supplier is required to adopt one of the four options to comply with SBx7-7

requirements. The four options include:

Option 1 requires a simple 20% reduction from the baseline by 2020 and 10

percent by 2015.

Option 2 employs a budget-based approach by requiring an agency to achieve a

performance standard based on three metrics

o Residential indoor water use of 55 GPCD

o Landscape water use commiserate with Model Landscape Ordinance

0 10 percent reduction in baseline CII water use

Option 3 is to achieve 95% of the applicable state hydrologic region target as set

forth in the State's 20x2020 Water Conservation Plan.

Option 4 requires the subtraction of Total Savings from the Base GPCD:

o Total Savings includes indoor residential savings, meter savings, CII

savings, and landscape and water loss savings.

Tustin's Compliance Option Selection

With MWDOC's assistance in the calculation of the City's base daily per capita use and

water use targets, the City has selected to comply with Option 1.

While each retail agency is required to choose a compliance option in 2010, DWR allows

for the agency to change its compliance option in 2015. This will allow the City to

determine its water use targets for Compliance Option 2 and 4 as it anticipates more data

to be available for targets calculation in the future.

2.4.3. Regional Alliance

Retail agencies can choose to meet the SBx7-7 targets on its own or several retail

agencies may form a regional alliance and meet the water use targets as a region. The
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benefit for an agency that joins a regional alliance is that it has multiple means of meeting
compliance.

The City is a member of the Orange County 20x2020 Regional Alliance formed by
MWDOC. This regional alliance consists of 29 retail agencies in Orange County as

described in MWDOC's 2010 RUWMP. The Regional Alliance Weighted 2015 target is

174.1 GPCD and 2020 target is 156.5 GPCD.

2.4.4. Baseline Water Use

The first step to calculating an agency's water use targets is to determine its base daily
per capita water use (baseline water use). This baseline water use is essentially the

agency's gross water use divided by its service area population, reported in gallons per

capita per day (GPCD). The baseline water rise is calculated as a continuous 10-year

average during a period which ends no earlier than December 31, 2004 and no later than

December 31, 2010. Agencies that recycled water made up 10 percent or more of 2008

retail water delivery can use up to a 15-year average for the calculation.

Recycled water use represents less than 10% of the City's retail delivery in 2008;

therefore, a 10-year instead of a 15-year rolling average was calculated. The City's
baseline water use is 189.5 GPCD which was obtained from the 10-year period July 1,
1995 to June 30, 2005.

Tables 2-6 and 2-7 provide the base period ranges used to calculate the baseline water use

for the City as well as the service area population and annual water use data which the

base daily per capita water use was derived. Data provided in Table 2-6 was used to

calculate the continuous 10-year average baseline GPCD. Moreover, regardless of the

compliance method adopted by the City, it will need to meet the minimum water use

target of5% reduction from afive-year baseline as calculated in Table 2-7. Because the

City is an OCWD agency, the City's gross water use includes deductions for indirect

potable recycled water use from the Groundwater Replenishment System (GWRS) and

Water Factory 21 managed by OCWD. The calculations for the gross water use are

described in MWDOC's 2010 RUWMP.
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Table 2-6: Base Daily per Capita Water Use - 10-year range

10 Year Avg ~ July 1, 1995 ~ June 30, 2005

1996

s• •

60,699

s

11,750,208 194

1997 61,618 12,593,540 204

1998 62,618 11,614,904 185

1999 63,616 12,349,121 194

2000 64,972 12,842,863 198

2001 65,399 12,440,715 190

2002 65,590 12,586,434 192

2003 65,840 11,710,681 178

2004 66,079 12,226,139 185

2005 66,165 11,579,424 175

Base Daily Per Capita Water Use: 189.5

1 ]The most recent year in base period must end no earlier than December 31, 2004, and no

later than December 31, 2010. The base period cannot exceed 10 years unless at least 10

percent of 2008 retail deliveries were met with recycled water.

Table 2-7: Base Daily per Capita Water Use - 5-year range

5 Year Avg ~ July 1, 2003 ~ June 30, 2008

2004

o• •

66, 079 12,226,139 185

2005 66,165 11,579,424 175

2006 67,018 11,703,420 175

2007 66,894 12,494,726 187

2008 67,805 11,992,666 177

Base Daily Per Capita Water Use: 179.7

2] The base period must end no earlier than December 31, 2007, and no later than December

31, 2010.

2.4.5. SBx7-7 Water Use Targets

Under Compliance Option 1, the simple 20% reduction from the baseline, the City's 2015

interim water use target is 170.6 GPCD and the 2020 final water use target is 151.6

GPCD.
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Table 2-8: Preferred Compliance Option and Water Use Targets

on 1 - Simple 20% Reduction ~ 189.5 ~ 170.6 ~ 151.6

2.5. Demand Projections

2.5.1. 25-Year Projections

One of the main objectives of this UWMP is to provide an insight into the City's future

water demand outlook. As discussed above, currently, the City's total water demand is

13,000 acre-feet comprising of 85% local groundwater and 15% imported water. As

illustrated in Table 2-9, the City's water demand is expected to increase by 17% in the

next 25 years from 13,000 AFY to 15,194 AFY.

Table 2-9: Current and Projected Water Demands (AFY)

W lS S
Fiscal Year Ending

ater upp y ources
2010 2015 2020 2025 2030 2035-opt

EOCWD (Imported
Treated Full Service

non-int.))

1,890 2,281 2,686 3,103 3,533 3,975

BPP Groundwater 7,919 7,919 7,919 7,919 7,919 7,919

BEA-Exempt GW 3,191 3,300 3,300 3,300 3,300 3,300

Total 13,000 13,500 13,905 14,322 14,752 15,194

Water Code section 10631 (k) requires urban water suppliers that rely upon a wholesale

agency for a source of water, to provide the wholesale agency with water use projections
from that agency for that source of water in five-year increments to 20 years or as far as

data is available. The City, therefore, has provided MWDOC, its wholesale provider,
projections of future water demands.

Table 2-10 shows the projected demands for imported water the City's service area from

MWDOC for the next 25 years.

Table 2-10: Tustin's Demand Projections Provided to Wholesale Suppliers (AFY)

Fiscal Year Ending
Wholesaler

2015 2020 2025 2030 2035-opt

EOCWD/MWDOC 2,281 2,686 3,103 3,533 3,975
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2.5.2. Low Income Household Projections

One significant change to the UWMP Act since 2005 is the requirement for retail water

suppliers to include water use prof ections for single-family and multifamily residential

housing needed for lower income and affordable households. This requirement is to assist

the retail suppliers in complying with the requirement under Section 65589.7 of the

Government Code that suppliers grant a priority for the provision of service to housing
units affordable to lower income households. A lower income household is defined as a

household earning 80% of the County of Orange's median income or less.

In order to identify the planned lower income housing projects within its service area,

DWR~ recommends that retail suppliers may rely on Regional Housing Needs

Assessment (RHNA) or Regional Housing Needs Plan information developed by the

local council of governments, the California Department of Housing and Community
Development.

The RHNA is an assessment process performed periodically as part of Housing Element

and General Plan updates at the local level. Regional Council of Governments in

California are required by the State Housing Element Law enacted in 1980 to determine

the existing and projected regional housing needs for persons at all income levels. The

RHNA quantifies the need for housing by income group within each jurisdiction during
specific planning periods. The RHNA is used in land use planning, to prioritize local

resource allocation and to help decide how to address existing and future housing needs.

The RHNA consists of two measurements: 1) existing need for housing, and 2) future

need for housing.

The current RHNA planning period is January 1, 2006 to June 30, 2014 completed by the

Southern California Association of Governments (SCAG) in 2007. The next RHNA

which will cover the planning period of January 1, 2011 to September 30, 2021 is not

expected to be completed until fall of 2012; therefore, the 2007 RHNA will be used for

the purpose of this 2010 UWMP.

Based on the 2007 Final Regional Housing Need Allocation Plana, the projected housing
need for low and very low income households (hereafter referred to as low-income) in the

City of Tustin are 21.5% and 17.2%, respectively or 38.7% combined.

Therefore, from inference, it is estimated that approximately 38.7% of the projected
water demands within the City's service area will be for housing needed for low income

California Department of Water Resources, Guidebook to Assist Urban Water Suppliers to Prepare a 2010

UWMP, Final (March 2011)
3

Southern California Association Governments, Final Regional Housing Need Allocation Plan for

Jurisdictions within the Six County SLAG Region (July 2007)
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households. Table 2-11 provides a breakdown of the projected water needs for low

income single family and multifamily units. The projected water demands shown here

represent 38.7% of the projected water demand by customer type for single-family and

multifamily categories provided in Table 2-4 above. For example, the total single family
residential demand is projected to be 6,957 AFY in 2015 and 8,175AFY in 2035. The

projected water demands for housing needed for single family low income households are

2,692 and 3,164 AFY for 2015 and 2035, respectively.

Table 2-11: Projected Water Demands for Housing Needed for Low Income

Households (AFY)

Fiscal Year Ending
Water Use Sector

2015 2020 2025 2030 2035-opt

Total Retail Demand 13,500 13,905 14,322 14,752 15,194

Total Residential Demand 9,879 10,253 10,639 11,029 11,436

Total Low Income Households Demand 3,823 3,968 4,117 4,268 4,426

SF Residential Demand -Total 6,957 7,242 7,532 7,846 8,175

SF Residential Demand -Low Income Households 2,692 2,803 2,915 3,036 3,164

MF Residential Demand -Total 2,923 3,010 3,108 3,183 3,260

MF Residential Demand -Low Income Households 1,131 1,165 1,203 1,232 1,262
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3. Water Sources and Supply Reliability

3.1. Overview

The City's main sources of water supply are (1) groundwater from the Lower Santa Ana

River Groundwater Basin and (2) imported water from Metropolitan through MWDOC.

Today, the City relies on 85% groundwater and 15% imported water. It is projected that

through 2035, the water supply mix will remain roughly the same.

The City works together with three primary agencies -Metropolitan, MWDOC, and

OCWD to insure a safe and high quality water supply, which will continue to serve the

community in periods of drought and shortage. The sources of imported water supplies
include the Colorado River and the State Water Project (SWP). Metropolitan's 2010

Integrated Water Resources Plan (IIZP) update describes the core water resource strategy
that will be used to meet full-service demands (non-interruptible agricultural and

replenishment supplies) at the retail level under all foreseeable hydrologic conditions

from 2015 through 2035. The imported water supply numbers shown here represent only
the amount of supplies projected to meet demands and not the full supply capacity.

Figure 3-1 provides a projection of the City's water supply sources for the next 25 years.

Groundwater supply is projected to account for approximately 85 percent of the City's
total water supply in 2010 and decreased to 71 percent in 2035. Imported water from

MWDOC/Metropolitan meets the remaining demand. The BPP is projected to be 62% for

all years. The additional groundwater supply beyond the BPP is the BEA-exempt portion
extracted from the deeper brackish groundwater wells which undergo advanced

treatment.
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Figure 3-1: Current and Projected Water Supplies (AFY)

The following sections provide a detailed discussion of the City's water sources as well

as projections to the City's future water supply portfolio for the next 25 years.

Additionally, the City's projected supply and demand under various hydrological
conditions are compared to determine the City's supply reliability for the 25 year

planning horizon. This section satisfies the requirements of § 10631 (b) and (c), and

10635 of the Water Code.

3.2. Imported Water

The City purchases treated imported water from EOCWD, which is a member agency of

MWDOC, which in turn is a member agency of Metropolitan. Imported water represents

1,890 AFY or 15% of the City's total water supply. Imported water purchases have

decreased significantly in recent years as a result of groundwater system treatment and

production improvements. Metropolitan imports raw water from Northern California

through the State Water Project (SWP) and from the Colorado River through the

Colorado River Aqueduct (CRA) then treats the majority of water to potable standards at

filtration plants located in Southern California. Imported potable water delivered to

EOCWD comes from a single source, the Robert B. Diemer Filtration Plant (Diemer

Plant) located north of Yorba Linda. Typically, Diemer Plant receives a blend of

Colorado River water from Lake Mathews through the Metropolitan Lower Feeder and

SWP water through the Yorba Linda Feeder. Currently, the blend is approximately a

50/50 split between the two sources. The City maintains three imported water

connections to the Metropolitan system.
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Imported water is purchased from EOCWD through each of these connections. Water

purchased through OC-43 is distributed directly into the City's system, while water

purchased through the other two connections is also distributed to EOCWD's four other

retail customers (City of Orange, Golden State Water Company, Orange Park Acres

Mutual Water Company and the East Orange County Water District Retail Zone).

EOCWD owns a total combined capacity of25.57cubic feet per second (cfs) from these

three connections. EOCWD's capacity in these three connections is provided on an "as

needed" basis to each of the five retailers, including the City, with no guaranteed
allotment to any agency.

3.2.1. Metropolitan's 2010 Regional Urban Water Management Plan

Metropolitan's 2010 Regional Urban Water Management Plan (RUWMP) reports on its

water reliability and identifies projected supplies to meet the long-term demand within its

service area. It presents Metropolitan's supply capacities from 2015 through 2035 under

the three hydrologic conditions specified in the Act: single dry-year, multiple dry-years,
and average year.

Colorado River Supplies

Colorado River Aqueduct supplies include supplies that would result from existing and

committed programs and from implementation of the Quantification Settlement

Agreement (QSA) and related agreements to transfer water from agricultural agencies to

urban uses. Colorado River transactions are potentially available to supply additional

water up to the CRA capacity of 1.25 MAF on an as-needed basis.

State Water Project Supplies

Metropolitan's State Water Project (SWP) supplies have been impacted in recent years by
restrictions on SWP operations in accordance with the biological opinions of the U.S.

Fish and Wildlife Service and National Marine Fishery Service issued on December 15,
2008 and June 4, 2009, respectively. In dry, below-normal conditions, Metropolitan has

increased the supplies received from the California Aqueduct by developing flexible

Central Valley/SWP storage and transfer programs. The goal of the storage/transfer
programs is to develop additional dry-year supplies that can be conveyed through the

available Banks pumping capacity to maximize deliveries through the California

Aqueduct during dry hydrologic conditions and regulatory restrictions.

In June 2007, Metropolitan's Board approved a Delta Action Plan that provides a

framework for staff to pursue actions with other agencies and stakeholders to build a

sustainable Delta and reduce conflicts between water supply conveyance and the

environment. The Delta action plan aims to prioritize immediate short-term actions to
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stabilize the Delta while an ultimate solution is selected, and mid-term steps to maintain

the Bay-Delta while the long-term solution is implemented.

State and federal resource agencies and various environmental and water user entities are

currently engaged in the development of the Bay Delta Conservation Plan (BDCP),
which is aimed at addressing the basic elements that include the Delta ecosystem

restoration, water supply conveyance, and flood control protection and storage

development. In evaluating the supply capabilities for the 2010 RUWMP, Metropolitan
assumed a new Delta conveyance is fully operational by 2022 that would return supply
reliability similar to 2005 condition, prior to supply restrictions imposed due to the

Biological Opinions.

Storage

Storage is a major component of Metropolitan's dry year resource management strategy.

Metropolitan's likelihood of having adequate supply capability to meet prof ected

demands, without implementing its Water Supply Allocation Plan (WSAP), is dependent
on its storage resources. In developing the supply capabilities for the 2010 RUWMP,

Metropolitan assumed a simulated median storage level going into each of five-year
increments based on the balances of supplies and demands.

Supply Reliability

Metropolitan evaluated supply reliability by projecting supply and demand conditions for

the single- and multi-year drought cases based on conditions affecting the SWP

Metropolitan's largest and most variable supply). For this supply source, the single
driest-year was 1977 and the three-year dry period was 1990-1992. Metropolitan's
analyses are illustrated in Tables 3-l, 3-2, and 3-3 which correspond to Metropolitan's
2010 RUWMP's Tables 2-11, 2-9 and 2-10, respectively. These tables show that the

region can provide reliable water supplies not only under normal conditions but also

under both the single driest year and the multiple dry year hydrologies.
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Table 3-1: Metropolitan Average Year Projected Supply Capability and Demands for 2015

to 2035
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Table 3-2: Metropolitan Single-Dry Year Projected Supply Capability and Demands for

2015 to 2035
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Table 3-3: Metropolitan Multiple-Dry Year Projected Supply Capability and Demands for

2015 to 2035
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3.2.2. Tustin's Imported Water Supply Projections

Based on Metropolitan's supply projections that it will be able to meet full service

demands under all three hydrologic scenarios, MWDOC, Orange County's wholesale

supplier projects that it would also be able to meet the demands of its retail agencies
under these conditions.

California Water Code section 10631 (k) requires the wholesale agency to provide
information to the urban retail water supplier for inclusion in its UWMP that identifies

and quantifies the existing and planned sources of water available from the wholesale

agency. Table 3-4 indicates the wholesaler's water availability projections by source for

the next 25 years as provided to the City by MWDOC. The water supply projections
shown in Table 3-4 represent the amount of supplies projected to meet demands. They do

not represent the full supply capacity.

Table 3-4: Wholesaler Identified & Quantified Existing and Planned Sources of Water (AFY)

Fiscal Year Ending
Wholesaler Sources

2015 2020 2025 2030 2035-opt

EOCWD/MWDOC 2,281 2,686 3,103 3,533 3,975

3.3. Groundwater

Local groundwater has been the cheapest and most reliable source of supply for the City.
The City relies on approximately 11, l 10 acre-feet of groundwater from the Lower Santa

Ana River Groundwater Basin (Orange County Basin) each year. This local source of

supply meets approximately 85% of the City's total annual demand.

In the effort to maximize local resources, Metropolitan has partnered with OCWD and

MWDOC and its member agencies, which are groundwater producers in various

programs to encourage the development of local resources. Metropolitan's Groundwater

Replenishment Program is a program where a groundwater producer may purchase
imported water from Metropolitan at a reduced rate when "surplus" water is available in

lieu of extracting groundwater. This program indirectly replenishes the basin by avoiding
pumping.

This section provides description of the Lower Santa Ana River Groundwater Basin and

the management measures taken by OCWD the basin manager to optimize local supply
and minimize overdraft. Moreover, this section provides information on historical

groundwater production as well as a 25-year projection of the City's groundwater supply.
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3.3.1. Lower Santa Ana River Groundwater Basin

The Lower Santa Ana Groundwater Basin, also known as the Orange County
Groundwater Basin (Basin) underlies the north half of Orange County beneath broad

lowlands. The Basin covers an area of approximately 350 square miles, bordered by the

Coyote and Chino Hills to the north, the Santa Ana Mountains to the northeast, the

Pacific Ocean to the southwest, and terminates at the Orange County line to the

northwest, where its aquifer systems continue into the Central Basin of Los Angeles
County. The aquifers comprising this Basin extend over 2,000 feet deep and form a

complex series of interconnected sand and gravel deposits.

The Orange County Water District (OCWD) was formed in 1933 by a special legislative
act of the State of California Legislature to protect and manage the County's vast, natural,

underground water supply with the best available technology and to defend its water

rights to the Orange County Groundwater Basin. This legislation is found in the State of

Califot~ia Statutes, Water - Uncodified Acts, Act 5683, as amended.4 The Basin is

managed by OCWD under the Act, which functions as astatutorily-imposed physical
solution. Section 77 of the Act states that, ǹothing in this c~ct contained shall be so

construed as to affect or impair the vested right ofany person, association or corporation
to the use ofwater.'

The Basin is managed by OCWD for the benefit of municipal, agricultural and private
groundwater producers. The Basin meets approximately 60 to 70 percent of the water

supply demand within the boundaries of OCWD. There are 19 major producers including
cities, water districts, and private water companies, extracting water from the Basin

serving a population of approximately 2.55 million.6

Groundwater levels are managed within a safe basin operating range to protect the long-
term sustainability of the basin and to protect against land subsidence. In 2007, OCWD

established a new methodology for calculating accumulated overdraft and establishing
new full-basin benchmarks.' Based on OCWD's 2009 Groundwater Management Plan,
the optimal accumulated overdraft is between 100,000 and 434,000 AF. At the top of the

range, OCWD will be able to provide at least three years of drought supply. An

accumulated overdraft condition minimizes the localized high groundwater levels and

increases ability to recharge storm events from the Santa Ana River. At an accumulated

overdraft of 200,000 AF, the Basin is considered 99.7 percent full. OCWD estimates that

s

Orange County Water District Act, Section 77.
6

MWDOC and Center for Demographics Research (2008)
The Report on Evaluation of Orange County Groundwater Basin Storage and Operational Strategy,

published in February 2007,
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the Basin can safely be operated on a short-term emergency basis with a maximum

accumulated overdraft of approximately 500,000 AF.

In an effort to eliminate long-term overdraft conditions, OCWD developed a

comprehensive computer-based groundwater flow model to study and better understand

the Basin's reaction to pumping and recharge. OCWD manages the Basin by establishing
on an annual basis the appropriate level of groundwater production known as the Basin

Production Percentage (BPP) as described below.

3.3.2. Basin Production Percentage

No pumping right exists for the Orange County Basin. Total pumping from the basin is

managed through a process that uses financial incentives to encourage groundwater
producers to pump an aggregate amount of water that is sustainable without harming the

Basin. The framework for the financial incentives is based on establishing the BPP which

is the percentage of each Producer's total water supply that comes from groundwater
pumped from the basin. Groundwater production at or below the BPP is assessed the

Replenishment Assessment (RA). While there is no legal limit as to how much an agency

could pump from the Basin, there is a financial disincentive to pumping above the BPP.

Pumping above the BPP is also assessed a Basin Equity Assessment (BEA), which is

calculated so that the cost of groundwater production is equal to MWDOC's melded rate.

The BPP is set uniformly for all Producers by OCWD on an annual basis. The BPP for

the 2008-2009 water year (July 1, 2008 to June 30, 2009) was established at 69.0. The

overall BPP achieved within OCWD for non-irrigation use in the 2008-09 water year was

equal to 72.5 percent. The BPP has recently been set at 62 percent for the 2010-2011

water year. For the purpose of this UWMP, the BPP is assumed to be 62 percent for the

entire 25-year planning horizon (Table 3-5).

Table 3-5: Current Basin Production Percentage

Basin Name Basin Production Percentage

Orange County Groundwater Basin 62%

Total 62%

The BPP is set based on groundwater conditions, availability of imported water supplies,
and Basin management objectives. The BPP is also a major factor in determining the cost

of groundwater production from the Basin for that year. When Metropolitan has an

abundance of water, they may choose to activate their Groundwater Replenishment
Program also known as In-Lieu Program, where imported water is purchased in-lieu of

pumping groundwater.

City of Tustin
3-10

2010 Urban Water Management Plan



Section 3

Water Sources and Supply Reliability

In some cases, OCWD encourages the pumping of groundwater that does not meet

drinl~ing water standards in order to protect water quality. This is achieved by using a

financial incentive called the BEA Exemption. A BEA Exemption is used to encourage

pumping of groundwater that does not meet drinking water standards in order to clean up

and contain the spread of poor quality water. OCWD uses a partial or total exemption of

the BEA to compensate a qualified participating agency or Producer for the costs of

treating poor-quality groundwater. When OCWD authorizes a BEA exemption for a

project, it is obligated to provide the replenishment water for the production above the

BPP and forgoes the BEA revenue that OCWD would otherwise receive from the

producer.

The City is one of the Producers who are BEA-exempt. The Tustin Nitrate Removal

Project (Main Street Treatment Plant) and the Tustin Seventeenth Street Desalter are the

two groundwater treatment facilities which production are allowed above the BPP and the

charges are BEA-exempt. The Main Street Treatment Plant has operated since 1989 to

reduce nitrate levels from the groundwater produced by Wells No. 3 and 4 by blending
untreated groundwater with treatment plant product water which undergoes reverse

osmosis and ion exchange treatment processg.

The Tustin Seventeenth Street Desalter began operation in 1996 to reduce high nitrate

and total dissolved solids concentration from groundwater produced by Wells No. 2 and 4

and Newport well using reverse osmosis.

3.3.3. Recharge Facilities

Recharging water into the basin through natural and artificial means is essential to

support pumping from the basin. Active recharge of groundwater began in 1949, in

response to increasing drawdown of the basin and consequently the threat of seawater

intrusion. In 1949, OCWD began purchasing imported Colorado River water from

Metropolitan, which was delivered to Orange County via the Santa Ana River upstream
of Prado Dam. The Basin's primary source of recharge is flow from the Santa Ana River.

OCWD diverts river flows into recharge basins located in and adjacent to the Santa Ana

River and its main Orange County tributary, Santiago Creek. Other sources of recharge
water include natural infiltration and recycled water. Today OCWD owns and operates a

network of recharge facilities that cover 1,067 acres. The recharge capacity has exceeded

10,000 AFY with the addition of the La Jolla Recharge Basin which came online in 2008.

The La Jolla Recharge Basin is a 6-acre recharge basin.

One of OCWD's primary efforts has been the control of seawater intrusion into the

Basin, especially via the Talbert and Alamitos seawater intrusion barriers. OCWD began
addressing the Alamitos Gap intrusion by entering a partnership in 1965 with the Los

s
OCWD's Groundwater Management Plan 2990 Update
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Angeles County Flood Control District to operate injection wells in the Alamitos Gap.

Operation of the injection wells forms a hydraulic barrier to seawater intrusion. To

address seawater intrusion in the Talbert Gap, OCWD constructed Water Factory 21, a

plant that treated secondary-treated water from the Orange County Sanitation District

OCSD) to produce purified water for injection. Water Factory 21 operated for

approximately 30 years until it was taken off line in 2004. It was replaced by an advanced

water treatment system, the Groundwater Replenishment System (GWRS).

The GWRS is a cooperative project between OCWD and OCSD that began operating in

2008. Secondary-treated wastewater from OCSD undergoes treatment consisting of

microfiltration, reverse osmosis, and advanced oxidation with ultraviolet light and

hydrogen peroxide. It is the largest water purification project of its bind, Phase 1 of the

GWRS began operating in 2008 with a capacity of purifying 72,000 AFY of water. The

GWRS provides recharge water for the Talbert Injection Barrier as well as to recharge
basins in the City of Anaheim. The Expanded Talbert Injection Barrier included 8 new

injection wells which operation began in 2008. The GWRS increased reliable, local

water supplies available for barrier injection from 5 MGD to 30 MGD.

3.3.4. Metropolitan Groundwater Replenishment Program

OCWD, MWDOC, and Metropolitan have developed a successful and efficient

groundwater replenishment program to increase storage in the Orange County
Groundwater Basin. The Groundwater Replenishment Program allows Metropolitan to

sell groundwater replenishment water to OCWD and make direct deliveries to agency

distt-ibution systems in lieu of producing water from the groundwater basin when surplus
water is available. This program indirectly replenishes the basin by avoiding pumping. In
the in-lieu program, OCWD requests an agency to halt pumping from specified wells.

The agency then takes replacement water through its import connections, which is

purchased by OCWD from Metropolitan (through MWDOC). OCWD purchases the

water at a reduced rate, and then bills the agency for the amount it would have had to pay

for energy and the Replenishment Assessment (RA) if it had produced the water from its

wells. The deferred local production results in water being left in local storage for future

use. In 2008 and 2009, OCWD did not utilize replenishment water because such water

was not available to purchase from Metropolitan.

3.3.5. Metropolitan Conjunctive Use Program

Since 2004, OCWD, MWDOC, and participating producers have participated in

Metropolitan's Conjunctive Use Program (known as the Metropolitan Long-Term
Groundwater Storage Program). This program allows for the storage of Metropolitan
water in the Orange County groundwater basin. The existing Metropolitan storage

program provides for Metropolitan to store 66,000 AF of water in the basin in exchange
for Metropolitan's contribution to improvements in basin management facilities. These

improvements include eight new groundwater production wells, improvements to the
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seawater intrusion barrier, construction of the Diemer Bypass Pipeline. This water can be

withdrawn over athree-year time period. The preferred means to store water in the

Metropolitan storage account has been through the in-lieu deliveries to participating
groundwater producers.

3.3.6. Historical Groundwater Production

Since its founding, OCWD has grown in size from 162,676 to 229,000 acres.

Groundwater pumping from the basin has grown from approximately 150,000 AFY in the

mid-1950s to over 300,000 AFY. During the water year July 2008 to June 2009, total

basin production for all agencies was approximately 324,147 acre-feet (AF).9

Within the City's service area, groundwater for potable use is produced from 13

operating wells. The City categorizes the wells as either clear or treated groundwater.
Eight of the wells are categorized as clear groundwater wells even though several wells

require blending with either imported water or groundwater from another well to meet the

nitrate maximum contaminant level (MCL). Blending is not considered a treatment

process by OCWD and blended groundwater is not exempt from the BEA.

The City also treats groundwater from five wells high in total dissolved solids (TDS)
and/or nitrates at the Main Street Plant and 17th Street Desalter Treatment Plant.

Groundwater produced through these treatment plants removes TDS and nitrates from the

Basin. As such, these wells are exempt from the BEA and are not included in BPP

calculations.

Table 3-6 shows the City's recent groundwater production from the Basin in the past five

years from 2005 to 2009. During certain seasons of 2005, 2006, and 2007, OCWD has

operated the In-lieu Program with Metropolitan by purchasing water from Metropolitan
to meet demands of member agencies rather than pumping water from the groundwater
basin. In 2008 and 2009, OCWD did not utilize in-lieu water because such water was not

available to purchase from Metropolitan.10

9
2008-2009 Engineer's Report on Groundwater conditions, Water Supply and Basin Utilization in the

Orange County Water District, February 2010
10

2008-2009 Engineer's Report on Groundwater conditions, Water Supply and Basin Utilization in the

Orange County Water District, February 2010
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Table 3-6: Amount of Groundwater Pumped in the Past 5 Years (AFY)

Fiscal Year Ending
Basin Name(s)

2005 2006 2007 2008 2009

BPP GW 2,628 2,568 6,865 6,704 6,513

BEA-Exempt GW 2,475 3,623 3,731 2,582 1,684

Plus In-Lieu taken from OCWD 4,227 5,786 381

Subtotal OCWD Basin GW 9,330 11,977 10,977 9,287 8,197

of Total Water Supply 72% 89% 78% 69% 64%

3.3.7. Projections of Groundwater Production

The mission of the OCWD is to provide local water retailers with a reliable, adequate,
high quality water supply at the lowest reasonable cost in an environmentally responsible
manner. Efforts have been made to develop and secure new supplies. Also in December

2008, OCWD secured the rights to divert and use up to 362,000 AFY of Santa Ana River

water through a decision of the State Water Resources Control Board. Description to

other recent OCWD projects can be found in OCWD's 2009 GWMP.

Based on the annual MWDOC survey completed by each Producer in the spring of 2008,
the estimated demand for groundwater in the OCWD boundary will increase from

519,000 AFY in 2015 to 558,000 AFY in 2035 representing a 7.5 percent increase over a

20 year period. OCWD's estimated total annual groundwater production for the water

year 2010-2011 is 295,000 AF based on a BPP of 62 percent and includes 22,000 AF of

production from water quality improvement projects.

Table 3-7 shows the amount of groundwater projected to be pumped from the Basin in

the next 25 years. The BPP is assumed to remain at 62 percent for the entire planning
horizon. The City recently added the Pasadena Avenue Well to their system which was

drilled in December 2006, completed in Apri12007, and went on-line in 2009. The well is

equipped with a 500 horsepower vertical turbine pump and has a capacity of 3000 gpm.

The well provides chlorination treatment and includes a diesel standby power generator
to run the well during emergencies.

Table 3-7: Amount of Groundwater Projected to be Pumped (AFY)

Fiscal Year Ending
Basin Name(s)

2010 2015 2020 2025 2030-opt 2035-opt

BPP GW 7,919 7,919 7,919 7,919 7,919 7,919

BEA-Exempt GW 3,191 3,300 3,300 3,300 3,300 3,300

of Total Water Supply 85% 83% 81% 78% 76% 74%
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3.4. Supply Reliability

3.4.1. Overview

It is required that every urban water supplier assess the reliability to provide water service

to its customers under normal, dry, and multiple dry water years. The City depends on a

combination of imported and local supplies to meet its water demands and has taken

numerous steps to insure it has adequate supplies. Development of groundwater,
groundwater recovery, and desalination opportunities augments the reliability of the

imported water system. There are various factors that may impact reliability of supplies
such as legal, environmental, water quality and climatic which are discussed below. The

water supplies are projected to meet full service demands; Metropolitan's 2010 RUWMP

finds that Metropolitan is able to meet with existing supplies, full service demands of its

member agencies starting 2015 through 2035 during normal years, single dry year, and

multiple dry years.

Metropolitan's 2010 Integrated Water Resources Plan (IIZP) update describes the core

water resource strategy that will be used to meet full service demands at the retail level

under all foreseeable hydrologic conditions from 2015 through 2035. The foundation of

Metropolitan's resource strategy for achieving regional water supply reliability has been

to develop and implement water resources programs and activities through its IRP

preferred resource mix. This preferred resource mix includes conservation, local

resources such as water recycling and groundwater recovery, Colorado River supplies
and transfers, SWP supplies and transfers, in-region surface reservoir storage, in-region
groundwater storage, out-of-region banking, treatment, conveyance and infrastructure

improvements. MWDOC is reliant on Metropolitan for all of its imported water. With the

addition of planned supplies under development, Metropolitan's 2010 RUWMP finds that

Metropolitan will be able to meet full-service demands from 2015 through 2035, even

under a repeat of the worst drought. Table 3-8 shows the reliability of the wholesaler's

supply for single dry year and multiple dry year scenarios.

Table 3-8: Wholesaler Supply Reliability - % of Normal AFY

Multiple Dry Water Years

gleS
Wholesaler Sources D Year 1 Year 2 Year 3

Y

EOCWD/MWDOC 100% 100% 100% 100%

In addition to meeting full service demands from 2015 through 2035, Metropolitan
projects reserve and replenishment supplies to refill system storage. MWDOC's 2010

RUWMP states that it will meet full-service demands to its customers from 2015 through
2035. Table 3-9 shows the basis of water year data used to predict drought supply
availability.
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Table 3-9: Basis of Water Year Data

Water Year Type Base Year Base Year Base Year

Normal Water Year Average 1922-2004

Single-Dry Water Year 1977

Multiple-Dry Water Years 1990 1991 1992

3.4.2. Factors Contributing to Reliability

The Act requires a description of the reliability of the water supply and vulnerability to

seasonal or climatic shortage. The City relies on import supplies provided by
Metropolitan through MWDOC/EOCWD. The following are some of the factors

identified by Metropolitan that may have an impact on the reliability of Metropolitan
supplies.

Environment -Endangered species protection needs in the Sacramento-San Joaquin
River Delta have resulted in operational constraints to the SWP system. The Bay-Delta's
declining ecosystem caused by agricultural runoff, operation of water pumps and other

factors has led to historical restrictions in SWP supply deliveries. SWP delivery
restrictions due to the biological opinions resulted in the loss of about one-third of the

available SWP supplies in 2008.

Legal -Listings of additional species under the Endangered Species Act and new

regulatory requirements could impact SWP operations by requiring additional export

reductions, releases of additional water from storage or other operational changes
impacting water supply operations. Additionally, the Quantification Settlement

Agreement has been challenged in courts and may have impacts on the Imperial
Irrigation District and San Diego County Water Authority transfer. If there are negative
impacts, San Diego could become more dependent on the Metropolitan supplies.

Water Quality -Water imported from the Colorado River Aqueduct (CRA) contains high
level of salts. The operational constraint is that this water needs to be blended with SWP

supplies to meet the target salinity of 500 mg/L of total dissolved solids (TDS). Another

water quality concern is related to quagga mussel. Controlling the spread and impacts of

quagga mussels within the Colorado River Aqueduct require extensive maintenance and

results in reduced operational flexibility.

Climate Change -Changing climate patterns are expected to shift precipitation patterns
and affect water supply. Unpredictable weather patterns will make water supply planning
even more challenging. The areas of concern for California include the reduction in

Sierra Nevada snowpack, increased intensity and frequency of extreme weather events,

and rising sea levels causing increased risk of levee failure.
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Legal, environmental, and water quality issues may have impacts on Metropolitan
supplies. It is felt however climatic factors would have more of an impact than the others.

Climatic conditions have been projected based on historical patterns; however severe

pattern changes may occur in the future. Table 3-10 shows the factors resulting in

inconsistency of supply.

Table 3-10: Factors Resulting in Inconsistency of Supply

Name of Supply Legal Environmental Water Quality Climatic

State Water Project X X

Colorado River X X

These and other factors are addressed in greater detail in Metropolitan's 2010 RUWMP.

3.4.2.1. Water Quality

Imported Water -Metropolitan is responsible for providing water of a high quality
throughout its service area. The water that Metropolitan delivers is tested both for

currently regulated contaminants and for additional contaminants of concern as over

300,000 water quality tests are conducted each year to regulate the safety of its waters.

Metropolitan's supplies originate primarily from the Colorado River Aqueduct (CRA)
and from the State Water Project (SWP). A blend of these two sources, proportional to

each year's availability of the source, is then delivered throughout Metropolitan's service

area.

Metropolitan'sprimary sources face individual water quality issues of concern. The CRA

water source contains a higher level of total dissolved solids (TDS) and a lower level of

organic material while the SWP contains a lower TDS level while its level or organic
materials is much higher, lending to the formation of disinfection byproducts. To

remediate the CRA's high level of salinity and the SWP's high level of organic materials,

Metropolitan has been blending CRA water with SWP supplies as well as implementing
updated treatment processes to decrease the disinfection byproducts. In addition,

Metropolitan has been engaged in efforts to protect its Colorado River supplies from

threats of uranium, perchlorate, and chromium VI while also investigating the potential
water quality impact of emerging contaminants, N-nitrosodimethylamine (NDMA) and

pharmaceuticals and personal care products (PPCPs). Metropolitan has assured its ability
to overcome the above mentioned water quality concerns through its protection of source

waters, implementation of renovated treatment processes, and blending of its two sources.

While unforeseeable water quality issues could alter reliability, Metropolitan's current

strategies ensure the deliverability of high quality water.
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Groundwater -The Orange County Water District (OCWD) is responsible for managing
the Orange County Groundwater Basin. To maintain groundwater quality, OCWD

conducts an extensive monitoring program that serves to manage the basin's groundwater
production, control groundwater contamination, and comply with all necessary laws and

regulations.ii A network of nearly 700 wells provides OCWD a source for samples,
which are tested for a variety of purposes. The District collects 600 to 1,700 samples each

month to monitor the quality of the basin's water. These samples are collected and tested

according to approved federal and state procedures as well as industry-recognized quality
assurance and control protocols.

OCWD recognizes the importance of maintaining the basin's high water quality.
OCWD's 2009 Groundwater Management Plan Update includes a section labeled,
Water Quality Management," which discusses the water quality concerns as well as

management programs that OCWD is currently involved with.

Table 3-11 shows the amount in acre-feet per year that water quality would have on

supply.

Table 3-11: Water Quality -Current and Projected Water Supply Impacts (AFY)

Fiscal Year Ending
Water Source

2010 2015 2020 2025 2030 2035-opt

Imported 0 0 0 0 0 0

Local 0 0 0 0 0 0

3.4.3. Normal Year Reliability Comparison

The City has entitlements and/or written contracts to receive imported water from

Metropolitan via the regional distribution system. Although pipeline capacity rights do

not guarantee the availability of water, per se, they do guarantee the ability to convey

water when it is available to the Metropolitan distribution system. All imported water

supplies assumed in this section are available to the City from existing water transmission

facilities. Table 3-12 shows supply and demand under normal year conditions. Water

supplies are projected to be available from Metropolitan; however, it is not included here

since projected supplies meet projected demands.

ii
The information in this section is referenced from the Groundwater Management Plan 2009 Update

Groundwater Monitoring" section (pages 3-1 through 3-20) and "Water Quality Management" section

pages 5-1 through 5-30).
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Table 3-12: Projected Normal Water Supply and Demand (AFY)

Fiscal Year Ending

2015 2020 2025 2030 2035

Total Demand 13,500 13,905 14,322 14,752 15,194

BPP GW 7,919 7,919 7,919 7,919 7,919

BEA-Exempt GW 3,300 3,300 3,300 3,300 3,300

Imported 2,281 2,686 3,103 3,533 3,975

Total Supply 13,500 13,905 14,322 14,752 15,194

3.4.4. Single Dry-Year Reliability Comparison

The City has documented that it is 100% reliable for single dry year demands from 2015

through 2035 with a demand increase of 7.3% using FY 2001-02 as the single dry year.

Table 3-13 compiles supply and demand projections for a single dry water year. The

available imported supply is greater than shown; however, it is not included because all

demands are met.

Table 3-13: Projected Single-Dry Year Water Supply and Demand (AFY)

Fiscal Year Ending

2015 2020 2025 2030 2035

Total Demand 14,486 14,920 15,368 15,829 16,303

BPP GW 7,919 7,919 7,919 7,919 7,919

BEA-Exempt GW 3,300 3,300 3,300 3,300 3,300

Imported 3,267 3,701 4,149 4,610 5,084

Total Supply 14,486 14,920 15,368 15,829 16,303

3.4.5. Multiple Dry-Year Reliability Comparison

The City is capable of providing their customers all their demands with significant
reserves in multiple dry years from 2015 through 2035 with a demand increase of7.3%

using FY 2001-02 as the multiple dry years. This is true even if the demand projections
were to be increased by a large margin. Table 3-14 shows supply and demand projections
under multiple dry year conditions.
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Table 3-14: Projected Multiple Dry Year Period Supply and Demand (AFY)

Fiscal Year End ing

2015 2020 2025 2030 2035

Total Demand 14,486 14,920 15,368 15,829 16,303

BPP GW 7,919 7,919 7,919 7,919 7,919
First Year

lSu
gEA-Exempt GW 3,300 3,300 3,300 3,300 3,300

ypp
Imported 3,267 3,701 4,149 4,610 5,084

Total Supply 14,486 14,920 15,368 15,829 16,303

Total Demand 14,486 14,920 15,368 15,829 16,303

BPP GW 7,919 7,919 7,919 7,919 7,919
Second Year

Su l
gEA-Exempt GW 3,300 3,300 3,300 3,300 3,300

pp y
Imported 3,267 3,701 4,149 4,610 5,084

Total Supply 14,486 14,920 15,368 15,829 16,303

Total Demand 14,486 14,920 15,368 15,829 16,303

BPP GW 7,919 7,919 7,919 7,919 7,919
Third Year

lSu
gEA-Exempt GW 3,300 3,300 3,300 3,300 3,300

ypp
Imported 3,267 3,701 4,149 4,610 5,084

Total Supply 14,486 14,920 15,368 15,829 16,303
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4.1. Overview

Water conservation, often called demand-side management, can be defined as practices,
techniques, and technologies that improve the efficiency of water use. Such practices are

referred to as demand management measures (DMM). Increased efficiency expands the

use of the water resource, freeing up water supplies for other uses, such as population
growth, new industry, and environmental conservation.

The increasing efforts in water conservation are spurred by a number of factors: growing
competition for limited supplies, increasing costs and difficulties in developing new

supplies, optimization of existing facilities, delay of capital investments in capacity
expansion, and growing public support for the conservation of limited natural resources

and adequate water supplies to preserve environmental integrity.

The City recognizes the importance of water conservation and has made water use

efficiency an integral part of water use planning. The City is currently implementing all

14 DMMs described in the Act.

This section of the UWMP satisfies the requirements of § 10631 (f) & (j). It describes

how each DMM is being implemented by the City and how the City evaluates the

effectiveness of the DMMs implemented. This section also provides an estimate of

existing conservation savings where information is available.

4.2. Water Use Efficiency Programs

As a member agency of MWDOC, the City actively participates in various

MWDOC/Metropolitan residential and CII rebate programs, as well as school and public
education and outreach programs, and other programs administered by MWDOC.

MWDOC implements many of the urban water conservation Best Management Practices

BMPs) on behalf of its member agencies. MWDOC's 2010 RUWMP should be referred

to for a detailed discussion of each regional BMP program. The City works cooperatively
with MWDOC for technical and financial support needed to facilitate meeting the terms

of the MOU. MWDOC's current Water Use Efficiency Program, detailed in their 2010

RUWMP, implemented on behalf of its member agencies following three basic focuses:

1. Regional Program Development - MWDOC develops, obtains funding for, and

implements regional BMP programs on behalf of all retail water agencies in

Orange County.
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2. Local Program Assistance - MWDOC assists retail agencies to develop and

implement local programs within their individual service areas.

Research and Evaluation - MWDOC conducts research programs which allow an

agency to measure the water savings benefits of a specific program and then

compare those benefits to the costs of implementing the program in order to

evaluate the economic feasibility of the program.

Table 4-1 provides an overview of City's DMM program statLis.

Table 4-1: Urban Supplier's Demand Management Measures Overview

D d M t M DMM)
DMM Status

eman anagemen easure

Past Current Future

Residential Water Surveys X

Residential Plumbing Retrofits X

System Water Audits, Leak Detection and Repair X

Metering with Commodity Rates X

Large Landscape Conservation Programs X

High-Efficiency Washing Machine Rebates X

Public Information Programs X

School Education Programs X

Commercial, Industrial and Institutional Programs X

Wholesale Agency Assistance N/A

Conservation Pricing X

Conservation Coordinator X

Water Waste Prohibition X

Residential ULFT Replacement Programs X

4.2.1. DMM 1: Water Survey Programs for Single-Family Residential and

Multi-Family Residential Customers

Residential surveys by the City have been done on an informal basis via customer

requests responding to high water bill complaints or meter readings that indicated higher
than normal usage. In 1997, MWDOC began accessing Metropolitan funding assistance

for residential surveys, which included retrofitting high water-using devices with low

flow devices. MWDOC ceased its program in FY 01/02 and does not plan to offer the

program in the future. Based on the California Urban Water Conservation Council's

CUWCC) savings rates determined in the BMP Costs and Savings Study (December
2003), savings from untargeted intensive home surveys results in an average of 21gpd per

household for both single family and multifamily. The City will measure the
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effectiveness of water survey programs through analyzing the number of surveys

distributed and the difference in water consumption for the families after the surveys are

conducted. The program was discontinued in 2010, due to limited budget.

Additionally, the City participates in various MWDOC's programs aimed at increasing
landscape water use efficiency for residential customers. In FY 2004/05, the City started

participating in MWDOC's SmarTimer Rebate Program. Under this regional program,

residential and small commercial properties are eligible for a rebate when they purchase
and install aweather-based irrigation controller which has the potential to save 41 gallons
per day per residence and can reduce runoff and pollution by 49 percent. To date, 23

rebates have been given out to residential customers and 30 rebates to small commercial

customers which translate to a water savings of approximately 56.5 acre-feet. The City
will continue to provide on-site meetings, literature and incentives related to this

program. As part of the MWDOC Grant for the SmarTimers a site audit and inspection is

required and provided by contract through MWDOC.

Another program related to residential landscape water conservation is MWDOC's

synthetic turf replacement program which the City has participated since the start of the

program in FY 2007-08. To date 13,030 square feet of turf grass have been replaced by
synthetic turf, saving residential customers 6.02 acre-feet..

4.2.2. DMM 2: Residential Plumbing Retrofit

The City participated in MWDOC's regional ultra low flow toilet (ULFT) rebate program

which ended in 2009. A total of 9,571 ULFTs were distributed under this program to

single-family and multi-family homes representing a cumulative water savings of3,790
acre-feet. The high efficiency toilet rebate program has since replaced the ULFT program

as discussed under DMM 14.

In addition, through Metropolitan's mass showerhead distribution, over 95% of single-
family and multi-family residential accounts in Orange County have been retrofitted with

low flow showerheads since 2006. Both the ULFT and low flow shower programs have

achieved saturation as determined in the 2001 Orange County Saturation Study.

4.2.3. DMM 3: System Water Audits, Leak Detection and Repair

As part of the City's water system Capital Improvement Program (CIP), a program has

been developed and scheduling is in place to retrofit old distribution pipelines on an

annual basis. The City maintains an emergency response program that aggressively
repairs main breaks, hydrant leaks or breaks, and meter leaks. A team of the City's staff

are available to permanently repair main or hydrant breaks, and promptly restore water

service. Both proactive and "inform and response" approaches are utilized for addressing
water meter when next day service is performed.
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In 2006 to 2010, the City in conjunction with MWDOC participated in a Water Audit

Demonstration Project with funding assistance from the U.S. Bureau of Reclamation. The

study utilized a new pilot Distribution System Audit methodology developed by the

Water Research Foundation (WRF) (formerly American Water Works Association

Research Foundation, AWWARF) and the International Water Association (IWA). The

stLidy includes two parts: (1) a survey of all MWDOC retail agencies to assess the context

for existing water loss among the agencies; and (2) the selection of one retail agency to

conduct a detailed water audit consistent with methods developed by the WRF and IWA.

The new methodology includes several features that have been lacking in traditional

auditing practices. The basic concept is that all water can and should be "accounted-for"

as either a consumptive use or a loss.

Non-revenue water is the new term to be analyzed by the study, with all non-revenue

water falling into the categories of either unbilled authorized consumption, or apparent

losses, or real losses. Apparent losses include unauthorized consumption, metering errors

and data errors resulting in lost revenue to the water utility. Real losses include leakage
from mains, storage and service connections. Such losses represent a waste of water

causing unnecessary infrastructure capacity, inflated production and energy costs and

undue stress on available water resources -solely to meet the non-beneficial demand of

mostly system leakage.

Audit validity score for the final report was 83 out of 100. The study recommended three

priority areas for attention; (1) Master meter adjustment, (2) Unauthorized consumption,
3) Customer retail unit cost. The non-revenue water for 2007 as percent by volume of

water supplied was 6.8% and non-revenue water as percent by cost of operating system
was 5.0%. This represents a reduction from 2005 where non-revenue (as percent by
volume of water supplied) was 11.3%. The City expected non-revenue water to remain

around 7% in the future. Additionally, based on the water loss audit study
recommendations, the City does not need to implement a formal leak repair program. As

a result, the City will continue to repair leaks on an as-needed basis.

4.2.4. DMM 4: Metering with Commodity Rates

The City requires meters for all new water connections and bills by volume of use. All

water service connections, with the exception of dedicated fire services, are metered. The

City has retrofitted all existing unmetered connections to be metered. The City will

continue to require metering for all connections.

Metering allows the City to conserve a total of 20-30 percent of the water demand

overall, and up to 40 percent savings during peak demand periods, as estimated by the

CUWCC's BMP Costs and Savings Study (December 2003). The measure of

effectiveness for this DMM will include a comparison of water use before and after meter

calibration.
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4.2.5. DMM 5: Large Landscape Conservation Programs and Incentives

The City supports large landscape conservation through MWDOC's regional programs

including:

Save Water Save A Buck Rebate Program - As a member agency of MWDOC, the City
takes part in the Save Water Save a Buck Rebate Program which offers financial

incentives to CII customers who purchase approved weather-based irrigation controllers

smart timers) and rotating nozzles. As of FY 2010-ll the total rotating nozzle program

participation includes 938 residential customers representing 9.67 acre-feet of savings,
collectively. A total of 23 smart timer rebates have been given out to residential

customers and 30 smart timers rebates to commercial customers translating to 56.5 acre-

feet of savings, collectively.

Synthetic TurfRebate Program -The City continued participation in MWDOC's

landscape rebate programs resulted in the installation of 13,030 sq. ft. of synthetic turf

representing 6.02 acre-feet of savings.

California Friendly Landscape Training _The California Friendly Landscape Training
provides education to residential homeowners and professional landscape contractors on

a variety of landscape water efficiency practices they can employ. These classes are

hosted by MWDOC and/or the retail agencies to encourage participation across the

county.

In addition, the City takes advantage of regional and local efforts which target and market

to large landscape properties including bill inserts, direct marketing efforts, ads in various

publications, educational seminars/symposiums for property owners, and presentations at

Homeowners Association (HOA) board meetings.

4.2.6. DMM 6: High-Efficiency Washing Machine Rebate Programs

The City participates in the SoCal Water Smart residential rebate program offered by
Metropolitan and implemented through MWDOC. This program offers financial

incentives to single-family and multifamily residential customers through the fot-~n of a

rebate.

Orange County residents are eligible to receive an $85 rebate when they purchase of a

new High Efficiency Clothes Washer (HECW). This program began in 2001 and is

sponsored by MWDOC, Metropolitan, and local retail water agencies. Rebates are

available on a first-come, first-served basis, while funds last. Participants must be willing
to allow an inspection of the installed machine for verification of program compliance.
Machines must have a water factor of 4.0 or less. Depending on use, these machines can

save 10,000 gallons of water per year Participants are encouraged to contact their local

gas and/or electric utility as additional rebates maybe available. As of FY 2010-ll, the
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City has given out 1,031 high-efficiency washing machine rebates to its customers. This

equates to a water savings of 128 acre-feet.

4.2.7. DMM 7: Public Information Programs

The City and MWDOC partner together on public information education and outreach

programs that provide information regarding present and future water supplies, the

demand for a reliable supply of high quality water, and the importance of implementing
water efficient techniques and behaviors. The City informs its water customers of

upcoming public information events and encourages participation in water conservation

efforts and programs sponsored by EOCWD, MWDOC, and Metropolitan.

MWDOC provides a comprehensive public information program built around

communication, coordination and partnerships. The City participates in the monthly
Public Affairs Workgroup meetings conducted by MWDOC with its member agencies.
The meetings are held to coordinate public outreach efforts, as well as share information

and ideas on a countywide basis.

MWDOC currently offers a wide range of public information programs in Orange County
in collaboration with its member agencies. Current public information programs in the

MWDOC's service area are summarized below.

Water Facility Inspection Trip Progrum -The inspection trip program is sponsored by
MWDOC and Metropolitan. Each year, Orange County elected officials, residents,
business owners, and community leaders are invited to attend educational inspection trips
to tour key water facilities throughout the state of California. The goal is to educate

members of our community about planning, procurement and management of southern

California's water supply and the issues surrounding delivery and management of this

vital resource.

O.C. W~cter Hero Program -The goal of this program is to engage children in water use

efficiency activities while facilitating discussion with friends and family members about

how to save water. Any Orange County child can become a Water Hero by pledging to

save 20 gallons of water per day. In exchange for their pledge, they receive a free Water

Hero lit, which includes a variety of fun, water-saving items like a 5-minute shower

timer and "fix-it" ticket pad for busting water wasters. To become a Superhero, a student

must get their parents to also pledge to save 20 gallons of water per day. To date, more

than 13,000 children in Orange County have become Water Heroes and more than 4,000
have become Superheroes.

eCurrents -This monthly electronic newsletter is designed to keep MWDOC's 28

member agencies, residents and businesses, stakeholder groups, opinion leaders, and

others apprised of MWDOC news, programs, events, and activities. The publication also
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serves to keep readers informed about regional, state, and federal issues affecting water

supply, water management, water quality, and water policy and regulation.

Water Advisory Committee of Orange County (WACO) - WACO was formed in 1983 to

facilitate the introduction, discussion, and debate of current and emerging water issues

among Orange County policymakers and water professionals. The committee's

membership has evolved to include elected officials and management staff from Orange
County cities and water districts, engineers, attorneys, consultants, and other industry
professionals. Monthly meetings are open to the public and are typically held on the first

Friday of each month at 7:30 a.m.

In addition to MWDOC's programs, the City regularly distributes a variety of

information materials to the public, including newsletters, fact sheets, brochures, issue

bulletins, manager's reports, annual reports, briefing books, and press kits. For example,
the City publishes articles in Tustin Today which is Parks and Rec Schedule of Classes

and part a community news magazine to draw attention to water issues. The City uses bill

inserts to inform water conservation classes (i.e. California Friendly Landscape Class).

The method to measure effectiveness of implementing this DMM for the City will

include quantifying the number of participants in the public programs, as well the number

of public announcements/brochures distributed throughout the service area. An increase

in the participation and distribution of materials will indicate heightened public water

conservation awareness to work towards decreases in water use. The City will continue to

work with MWDOC to offer public information programs.

4.2.8. DMM 8: School Education Programs

Through MWDOC, water education programs are available to the City's public and

private schools. School water education has been part of MWDOC's activities for more

than 30 years. It is MWDOC's goal to educate children about local water issues and help
them understand the value of water and how they can protect our water resources and the

environment. MWDOC's on-going school education programs are described below.

WaterE~lucution School Program -One of the most successful and well-recognized
water education curriculums in southern California is MWDOC's Water Education

School Program. For more than 30 years, School Program mascot "Ricki the

Rambunctious Raindrop" has been educating students in grades K-5 about the water

cycle, the importance and value of water, and the personal responsibility we all have as

environmental stewards.

The School Program features assembly-style presentations that are grade-specific and

performed on-site at the schools. The program curriculum is aligned with the science

content standards established by the State of California. Since its inception in 1973,
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nearly three million Orange County students have been educated through the School

Program.

In 2004, MWDOC fot-~ned an exciting partnership with Discovery Science Center that

has allowed both organizations to reach more Orange County students each year and

provide them with even greater educational experiences in the areas of water and science.

Discovery Science Center currently serves as the School Program administrator, handling
all of the program marketing, bookings, and program implementation. During the 2010-

11 school year, more than 70,000 students will be educated through the program.

Water Education Poster & Slogan Contest -Each year, MWDOC holds a Water

Education Poster and Slogan Contest to increase water awareness. To participate,
children in grades K-6 develop posters and slogans that reflect a water awareness

message. The goal is to get children thinking about how they can use water wisely and to

facilitate discussion about water between children and their friend, parents, and teachers.

Each year, more than 1,500 poster and slogan entries are received through the contest.

During a special judging event, approximately 16 posters and 10 slogans are selected as

the winners. All of our winners -and their parents, teachers, and principals -are invited

to attend a special awards ceremony with Ricki Raindrop at Discovery Science Center. At

the awards ceremony, the winners are presented with their framed artwork as well as a

customt-shirt featuring their poster or slogan, a trophy, a certificate, and other fun water-

saving pnzes.

Children's Water Education Festival -The largest water education festival of its bind is

the annual Children's Water Education Festival (Festival). The Festival is presented by
OCWD, the National Water Research Institute, Disneyland Resort, and MWDOC. Each

year, more than 5,000 students participate in the Festival over the course of this two-day
event. The Festival is currently held at the Richard Nixon Library and Birthplace in

Yorba Linda, California.

The Festival presents a unique opportunity to educate students in grades four through six

about local water issues and help them understand how they can protect our water

resources and the environment. Students attend the Festival with their teacher and

classmates, visiting a variety of booths focused on different water-related topics
throughout the day. Participating organizations (presenters) engage the students through
interactive educational presentations that are aligned with the science content standards

established by the State of California. Since its inception, more than 80,000 children from

schools throughout Orange County have experienced the Festival and all it has to offer.
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4.2.9. DMM 9: Conservation Programs for Commercial, Industrial and

Institutional Accounts

The City offers financial incentives under the Save Water Save A Buck Rebate Program
which offers rebates for various water efficient devices to CII customers. The City also

participates in MWDOC's Water Smart Hotel Program as described below.

Save Water Save aBuck -This program began in 2002 and offers rebates to assist

commercial, industrial, and institutional customers in replacing high-flow plumbing
fixtures with low-flow fixtures. Facilities where low-flow devices are installed must be

located in Orange County. Rebates are available only on those devices listed in Table 4-2

below and must replace higher water use devices. Installation of devices is the

responsibility of each participant. Participants may purchase and install as many of the

water saving devices as is applicable to their site.

Table 4-2: Water Supply Shortage Stages and Conditions -Rationing Stages

Retrofit Device Rebate Amount

High Efficiency Toilet 50

Ultra-Low-Water or Zero Water Urinal 200

Connectionless Food Steamers 485 per compartment

Air-Cooled Ice Machines (Tier III) 300

Cooling Tower Conductivity Controller 625

pH /Conductivity Controller 1,750

Dry Vacuum Pumps 125 per HP

Water Pressurized Broom 110

As of FY 2010/11, the City's CII customers have installed a total 527 water-saving
fixtures representing a water savings of 350 acre-feet. The City will continue to educate

CII customers to meet the DMM requirements.

Water SmaNt Hotel ProgN~m - In 2008 and 2009, MWDOC received grants from DWR

and the US Bureau of Reclamation to conduct the Water Smart Hotel Program, a program

designed to provide Orange County hotels and motels with commercial and landscape
water saving surveys, incentives for retrofits and customer follow-up and support. The

goal of the program is to implement water use efficiency changes in hotels to achieve an

anticipated water savings of7,078 acre feet over 10 years.
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The Program is offered to hotels in MWDOC's service area as identified by retail water

agencies. It is anticipated that detailed survey of the indoor and outdoor water using
aspects of up to 105 participating hotels will be performed. Participating hotels will

receive survey reports that recommend indoor and outdoor retrofits, upgrades, and other

changes that should, based on the survey, result in significant water savings. Quantities of

each device and associated fixture and installation costs, water savings and payback
information (based on rebate amount Incentives offered through the Save Water Save A

Buck Rebate Program will be augmented using DWR and USBR Water Use Efficiency
grant funds to bridge the gap between existing incentives and the actual costs of Hotel

Water Survey recommendations. To date, over 24 surveys have been performed county-

wide, and over 9,500 water-saving devices have been installed through the program.

These devices are saving 351 acre feet per year or 3,510 acre feet over the ten year device

life.

Prior to the creation of the Save Water Save a Buck Program in 2002, in FY 1995/96,
MWDOC designed and implemented a commercial, industrial and institutional (CII)
Water Use Survey Program on behalf of its member agencies with funding from

Metropolitan and the U.S. Bureau of Reclamation (USBR). Through FY 1995/96 to

1999/00, five CII sites were surveyed for the City through MWDOC's program. A

trained auditor visited each location to survey all water using devices at each site.

Participants received a report detailing potential water saving areas, both through
behavioral modifications and the retrofitting of specific low-flow devices.

During fiscal years 1997/98 and 1998/99, MWDOC developed an in-house CII rebate

program utilizing funding provided by Metropolitan and OCSD. During fiscal year

1999/00, MWDOC phased out its own rebate program and began arrangements to

participate in Metropolitan's regional rebate program.

Additionally, since 1999, the City has been participating in OCWD's Hotel and Motel

Water Conservation Program. This program offers free laminated hangers to promote the

reuse of towels and bed linens for multiple day usage. This program allows the guests and

the hotel or motel to be environmentally aware while reducing water use, lowering costs,

savings energy, and reducing pollution. In addition, hotels and motels that sign up for the

program also receive a bilingual instructional video for use in training their housekeeping
staff.

Through OCWD, the City promotes a Restaurant Water Conservation Program that offers

free laminated tent cards for restaurants to place on their tables. The cards explain to

guests the restaurants' interest in helping conserve water for Orange County and that the

restaurant will be serving water only upon request.

The City will continue to promote and support the regional CII Program through ongoing
program endorsement and distribution of informational brochures. MWDOC will provide
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program effectiveness and conservation savings information, and will fund the program

through their budget.

To measure the effectiveness of this DMM, the City will perform a water savings
analysis by calculating the total number of rebates distributed and the estimated water

savings for each. The total of this calculation will show the amount of water saved and

should be reflected in the overall water use before and after implementation of the DMM.

4.2.10. DMM 10: Wholesale Agency Programs

The City is a retail agency, therefore, this DMM does not apply to the City. In summary,

the City receives assistance to implement water use efficiency programs from MWDOC.

MWDOC has consistently provided the following assistance: (1) implementation of

regional programs on behalf of the City and all Orange County water agencies; (2)

acquisition of annual grant funding from a variety of sources; and (3) technical assistance

regarding local program design and implementation, benefit/cost analysis, conservation

based rate structures, and program marketing.

The City will continue to work cooperatively with MWDOC to participate in regional
DMM programs, informational groups and projects, determination of the most cost-

effective DMMs, and tailoring programs specific to the City on an ongoing basis.

4.2.11. DMM 11: Conservation Pricing

The first goal of any rate structure is to generate sufficient revenues to maintain efficient

and reliable utility operations. The second target is fairness in the allocation of utility
service costs. Generally, it is possible to satisfy both of these goals in a rate structure that

encourages water conservation or penalizes excessive water use. Designing water rates

must include the following: (1) determination of the water utility's total annual revenue

requirements for the period for the period for which the rates are to be in effect; (2)
determination of service costs by allocation of the total revenue requirements to the basic

water system cost components and distribution of these costs to the various customer

classes in accordance with service requirements; and (3) design water rates to recover the

cost of service from each class of customer.

The City recently adopted a new retail water rate structure under Resolution No. 10-

57(Appendix D) which became effective July 2010. The City's new seven-tier increasing
block rate structure clearly meet the definition of "conservation pricing" as defined by the

CUWCC, which states that conservation pricing includes, "rates designed to recover the

cost of providing service." Customers are billed bimonthly on the basis of a capital
charge and fixed charge based on meter size and aseven-tier consumption charge.

The commodity component of the water service charge is structured to recover the actual

cost of water, including the groundwater replenishment assessment (RA), imported water
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charges, and energy and maintenance costs for the City's water production facilities. The

fixed portion of the monthly charge is designed to cover the cost of water distribution,
meter reading and maintenance of the water distribution system, as well as a portion of

the capital improvement program. Distribution and production are distinct programs in

the annual Water Division budget. Applicable portions of administration, engineering and

water quality costs were assigned to each rate program. The City's water rates will be re-

evaluated for FY 2015-16.

Conservation-oriented water rate structures by themselves do not constitute an effective

water conservation program. Rate structures work best as a conservation tool when

coupled with a sustained customer education program. Customer education is important
to establish and maintain the link between customer behavior and their water bill. Utility
customers require practical information about water-conserving practices and

technologies. Participation in other water conservation programs, such as plumbing
fixture retrofit and replacement programs, can also be enhanced by rate incentives and

customer education. Finally, public acceptance of a rate structure is often enhanced if

customers understand the need for and benefits of water conservation.

4.2.12. DMM 12: Water Conservation Coordinator

The City assigns staff to implement conservation programs as defined within each of the

DMMs. The City staff works closely with the Water Use Efficiency staff of MWDOC to

provide successful execution of regional programs, and those conducted on behalf of the

City. The City may either directly participate in or be represented by MWDOC in

regional workgroups including the Water Use Efficiency Workgroup, Public Affairs

Workgroup, County of Orange Supervisor's Water Task Force, and the Orange County
Water Use Efficiency Steering Committee.

4.2.13. DMM 13: Water Waste Prohibition

The City recently adopted Resolution 10-57, which includes provisions for the Water

Demand Reduction Stages to enable the City to comply with the wholesaler water use

restrictions in response to regional water shortage conditions. Resolution 10-57 defines

the water demand reduction stages corresponding to each of the seven tiers -the higher
the demand reduction stage, the steeper the increase in the pricing tier as shown in Table

4-3.
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Table 4-3: Water Demand Reduction Stages
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Prior to adopting Resolution 10-57, the City Council passed Ordinance No. 1060 and

1063 in 1991 which allowed passage of a resolution from time to time to impose charges,
surcharges, and penalties as deemed necessary to accommodate water allocations,

charges and penalties imposed by Metropolitan, and other factors affecting the supply
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and cost of water to the City. This ordinance included provisions stating that at no time

shall water be wasted or used unreasonably. The ordinance is phased into four water

conservation stages from voluntary compliance to mandatory compliance. The ordinance

prohibits "gutter flooding," where water is wasted from inefficient irrigation practices or

any other water usage onto any public street or alley.

Ordinance No. 1060 and 1063 is also incorporated into the City's Water Shortage
Contingency Plan to comply with Section 10631(e)(6) of the Act "Penalties or charges
for excessive use. "Resolution 92-49 amends Ordinance No. 1063 by rescinding all

additional charges and penalties for excessive water use based on Metropolitan's
adjustment in voluntary water use reduction. Metropolitan had imposed severe financial

penalties on the City if it had not achieved a 30 percent reduction in imported water

purchases during the last drought of 1988-1992; however, in 1992, Metropolitan
modified its requirements in 1992 to request a voluntary 10 percent reduction in water

use and rescinded its penalties for excessive use.

4.2.14. DMM 14: Residential Ultra-Low-Flush Toilet Replacement Programs

Over the past 19 years, MWDOC has continuously implemented a regional ULFT Rebate

and/or Distribution Program targeting single- and multi-family homes in Orange County.
Since the end of distribution program in 2004, MWDOC's program has focused solely on

providing rebate incentives for retrofitting non-efficient devices with either ULFTs or

High Efficiency Toilets (HETS) -toilets using 1.28 gallons per flush or less. The ULFT

portion of this program concluded in June 2009, and over 360,000 ULFTs were replaced
in single family and multi-family homes, with an overall program to date savings of

approximately 138,457 acre feet of water. The HET rebate program, which concluded in

2010, has incentivized over 26,000 devices, with an overall program to date savings of

approximately 3,419 acre-feet.

The City has participated in this program from the beginning. To date 9,571 ULFTs and

1,096 HETs have been installed representing a combined water savings of 3,925 acre-

feet. As a benchmark for comparison, there are 13,178 single-family and 863 multifamily
residential accounts in 2010.
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5. Water Supplies Contingency Plan

5.1. Overview

Recent water supply challenges throughout the American Southwest and the State of

California have resulted in the development of a number of policy actions that water

agencies would implement in the event of a water shortage. In southern California, the

development of such policies has occurred at both the wholesale and retail level. This

section describes how new and existing policies that Metropolitan, MWDOC and the City
have in place to respond to water supply shortages, including a catastrophic interruption
and up to a 50 percent reduction in water supply.

In order to meet short-term water demand deficiencies, and short- or long-term drought
requirements, the City has implemented its own water shortage policy, Water Shortage
Contingency Plan, through adoption of Resolution No. 92-15, January 1992. The Plan is

in accordance with MWDOC and OCWD water shortage/drought activities. The City will

respond to MWDOC's water shortage and drought management policy.

5.2. Shortage Actions

Metropolitan

As an importer of water from multiple sources, including both the Colorado River and

Sierra Nevada, a number of water supply challenges have impacted the reliability of

Metropolitan's imported supplies. In response to these challenges, Metropolitan has

implemented existing policies as well as developed new ones.

The first action that Metropolitan implements in the event of a water shortage is the

suspension and/or reduction of its interruptible supplies, which are supplies sold at a

discount in return for the buyers agreeing to be the first to be cutback in the event of a

shortage. Metropolitan currently has two interruptible programs for agricultural users

and groundwater replenishment, under which supplies were either suspended or reduced

in 2007.

In addition, in preparation for the possibility of being unable to the meet "firm demands"

non-interruptible supplies) of its member agencies, in February 2008, the Metropolitan's
Board of Directors (Board) adopted the Water Supply Allocation Plan (WSAP), which

was subsequently updated in June 2009.

Metropolitan'splan includes the specific formula for calculating member agency supply
allocations and the key implementation elements needed for administering an allocation.
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Metropolitan's WSAP is the foundation for the urban water shortage contingency
analysis required under Water Code Section 10632 and is part of Metropolitan's 2010

RUWMP.

Metropolitan's WSAP was developed in consideration of the principles and guidelines
described in Metropolitan's 1999 Water Surplus and Drought Management Plan

WSDM), with the objective of creating an equitable needs-based allocation. The plan's
formula seeks to balance the impacts of a shortage at the retail level while maintaining
equity on the wholesale level for shortages of Metropolitan supplies of up to 50 percent.
The formula takes into account: impact on retail customers and the economy; growth and

population; changes in supply conditions; investments in local resources; demand

hardening aspects ofnon-potable recycled water use; implementation of conservation

savings program; participation in Metropolitan's interruptible programs; and investments

in facilities.

The formula is calculated in three steps: based period calculations, allocation year

calculations, and supply allocation calculations. The first two steps involve standard

computations, while the third section contains specific methodology developed for the

WSAP.

Step 1: Base Period Calculations -The first step in calculating a water supply allocation

is to estimate water supply and demand using a historical based period with established

water supply and delivery data. The base period for each of the different categories of

demand and supply is calculated using data from the three most recent non-shortage
years, 2004-2006.

Step 2: Allocation Year Calculations -The next step in calculating the water supply
allocation is estimating water needs in the allocation year. This is done by adjusting the

base period estimates of retail demand for population or economic growth and changes in

local supplies.

Step 3: Supply Allocation Calculations -The final step is calculating the water supply
allocation for each member agency based on the allocation year water needs identified in

Step 2. Each element and its application in the allocation formula are discussed in detail

in Metropolitan's WSAP.

In order to implement the WSAP, the Metropolitan Board makes a determination on the

level of the regional shortage, based on specific criteria, in April each year. If it is

determined allocations are necessary, they go into effect in July for that year and remain

fora 12-month period, although the schedule is at the discretion of Metropolitan's Board.

Metropolitan's 2010 RUWMP forecasts that Metropolitan will be able to meet projected
firm demands throughout the forecast period from 2015 to 2035. However, these
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projections do not mean that Metropolitan would not implement its WSAP during this

period.

MWDOC

To prepare for the potential allocation of imported water supplies from Metropolitan,
MWDOC worked collaboratively with its 28 member agencies to develop its own Water

Supply Allocation Plan (MWDOC WSAP), adopted January 2009, to allocate imported
water supplies at the retail level The MWDOC WSAP lays out the essential components
of how MWDOC will determine and implement each member agency's allocation during
a time of shortage.

The MWDOC WSAP uses a similar method and approach, when reasonable, as that of

the Metropolitan's WSAP. However, MWDOC's plan remains flexible to use an

alternative approach when Metropolitan's method produces a significant unintended

result for the member agencies. The MWDOC WSAP model follows five (5) basic steps
to determine a retail agency's imported supply allocation.

Step 1: Determine Baseline Information -The first step in calculating a water supply
allocation is to estimate water supply and demand using a historical based period with

established water supply and delivery data. The base period for each of the different

categories of demand and supply is calculated using data from the last three non-shortage
years -calendar years, 2004, 2005, and 2006.

Step 2: Establish Allocation Year Information - In this step, the model adjusts for each

member agency's water need in the allocation year. This is done by adjusting the base

period estimates for increased retail water demand based on growth and changes in local

supplies.

Step 3: Calculate Initial Minimum Allocation Based on Metropolitan's Declared

Shortage Level -This step sets the initial water supply allocation for each member

agency. After a regional shortage level is established, MWDOC will calculate the initial

allocation as a percentage of adjusted Base Period Imported water needs within the model

for each member agency.

Step 4: Apply Allocation Adjustments and Credits in the Areas ofRetail Impacts,
Conservation, and the Interim Agriculture Water Program - In this step, the model

assigns additional water to address disparate impacts at the retail level caused by an

across-the-board cut of imported supplies. It also applies a conservation credit given to

those agencies that have achieved additional water savings at the retail level as a result of

successful implementation of water conservation devices, programs and rate structures.
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Step 5: Sum Total Allocations and Determine Retail Reliability -This is the final step
in calculating a retail agency's total allocation for imported supplies. The model sums an

agency's total imported allocation with all of the adjustments and credits and then

calculates each agency's retail reliability compared to its Allocation Year Retail Demand.

The MWDOC WSAP includes additional measures for plan implementation, including
the following:

Appeal Process - An appeals process to provide member agencies the opportunity
to request a change to their allocation based on new or corrected information.

MWDOC anticipates that under most circumstances, a member agency's appeal
will be the basis for an appeal to Metropolitan by MWDOC.

Melded Penalty Rate Structure - At the end of the allocation year, MWDOC

would only charge a penalty to each member agency that exceeded their

allocation if MWDOC exceeds its total allocation and is required to pay a penalty
to Metropolitan. Metropolitan enforces allocations to member agencies through a

tiered penalty rate structure: penalty rates to a member agency that exceeds its

total annual allocation at the end of the twelve-month allocation period, according
to a specified rate structure. MWDOC's penalty would be assessed according to

the member agency's prorated share (acre-feet over usage) of MWDOC penalty
amount with Metropolitan. Penalty funds collected by Metropolitan will be

invested in water conservation and local resource development.
Tracking and Reporting Water Usage - MWDOC will provide each member

agency with water use monthly reports that will compare each member agency's
current cumulative retail usage to their allocation baseline. MWDOC will also

provide quarterly reports on it cumulative retail usage versus its allocation

baseline.

Timeline and Option to Revisit the Plan -The allocation period will cover 12

consecutive months and the Regional Shortage Level will be set for the entire

allocation period. MWDOC only anticipates calling for allocation when

Metropolitan declares a shortage; and no later than 30 days from Metropolitan's
declaration will MWDOC announce allocation to its member agencies.

Due to the complexity of calculating allocations and the potential for unforeseen

circumstances that may occur during an allocation year, after one year of implementation,
MWDOC staff and member agencies have the opportunity to make recommendations to

the MWDOC Board that will improve the method, calculation, and approach of the

MWDOC WSAP.

City of Tustin

In a water shortage emergency, the City would request the City Council to invoke the

City's Water Management Program, Ordinance No. 1060, adopted by the City Council of
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the City on March 18, 1991. Depending on seasonal demand considerations, one of four

stages of the Ordinance would be implemented. Ordinance No. 1060 delineates the stages
of action that will be taken if up to a 50 percent reduction in water supply occurs.

Ordinance No. 1063, which established a Mandatory Water Conservation and Rationing
Program to reduce consumption by 15 percent, was adopted by the City Council on April
1, 1991.

Rationing Stages and Reduction Goals

The City's Ordinance No. 1060 identifies four stages of action that may be implemented
in the event of a declared water shortage, based on the severity of the shortage. The City
prohibits the waste of water throughout the City's service area. In addition, the following
stages listed in Table 5-1 shall be enforced, as appropriate, based on the extent of the

water shortage.

Table 5-1: Water Supply Shortage Stages and Conditions -Rationing Stages

Stage No. Water Supply Conditions Shortage

Stage1-Voluntary Compliance -
Possibility that the City will not be

Water Watch
able to meet the demands of its

customers.

Probability exists that the City will not

be able to meet all of the water

Stage 2 -Mandatory Compliance - demands of its customers or when

Water Alert statewide shortages cause a need for

local conservation measures to be

implemented.

Stage 3 -Mandatory Compliance - The City will not be able to meet all

Water Warning the water demands of its customers.

Major failure of any supply or

Stage 4 -Mandatory Compliance -
distribution facility occurs in the water

distribution system of the State Water o50/
Water Emergency

Project, Metropolitan, MWDOC,

EOCWD, or City facilities.

5.3. Three-Year Minimum Water Supply

As a matter of practice, Metropolitan does not provide annual estimates of the minimum

supplies available to its member agencies. As such, Metropolitan member agencies must

develop their own estimates for the purposes of meeting the requirements of the Act.

Section 135 of the Metropolitan Water District Act declares that a member agency has

the right to invoke its "preferential right" to water, which grants each member agency a
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preferential right to purchase a percentage of Metropolitan's available supplies based on

specified, cumulative financial contributions to Metropolitan. Each year, Metropolitan
calculates and distributes each member agency's percentage of preferential rights.
However, since Metropolitan's creation in 1927, no member agency has ever invoked

these rights as a means of acquiring limited supplies from Metropolitan.

As an alternative to preferential rights, Metropolitan adopted the Water Shortage
Allocation Plan (WSAP) in February 2008. Under the WSAP, member agencies are

allowed to purchase a specified level of supplies without the imposition of penalty rates.

The WSAP uses a combination of estimated total retail demands and historical local

supply production within the member agency service area to estimate the firm demands

on Metropolitan from each member agency in a given year. Based on a number of

factors, including storage and supply conditions, Metropolitan then determines whether it

has the ability to meet these firm demands or will need to allocate its limited supplies
among its member agencies. Thus, implicit in Metropolitan's decision not to implement
an allocation of its supplies is that at a minimum Metropolitan will be able to meet the

firm demands identified for each of the member agencies.

In order to estimate the minimum available supplies from Metropolitan for the period
2011-2013, an analysis was performed to assess the likelihood that Metropolitan would

re-implement mandatory water use restrictions in the event of a 1990-92 hydrologic
conditions over this period. Specific water management actions during times of water

shortage are governed by Metropolitan's Water Shortage and Drought Management Plan

WSDM Plan). Adopted by the Metropolitan Board in 1999, the WSDM Plan provides a

general framework for potential storage actions during shortages, but recognizes that

storage withdrawals are not isolated actions but part of a set of resource management
actions along with water transfers and conservation. As such, there is no specific
criterion for which water management actions are to be taken at specific levels of storage.
The implementation of mandatory restrictions is solely at the discretion of the

Metropolitan Board and there are no set criteria that require the Board to implement
restrictions. Given these conditions, the analysis relies upon a review of recent water

operations and transactions that Metropolitan has implemented during recent drought.

The first step in the analysis was a review of projected SWP allocations to Metropolitan,
based on historical hydrologies. As with the recent drought, potential impacts to SWP

supplies from further drought and the recently implemented biological opinions are

anticipated to be the biggest challenges facing Metropolitan in the coming three years.

A review of projected SWP allocations from the DWR's State Water Project Delivery
Reliability Report 2009 (2009 SWP Reliability Report) was made to estimate a range of

conservative supply assumptions regarding the availability of SWP supplies. The 2009

SWP Reliability Report provides estimates of the current (2009) and future (2029) SWP
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delivery reliability and incorporates regulatory requirements for SWP and CVP

operations in accordance with USFWS and NMFS biological opinions. Estimates of

future reliability also reflect potential impacts of climate change and sea level rise.

The analysis assumes a maximum SWP allocation available to Metropolitan of2,011,500
AF and a Metropolitan storage level of1,700,000 AF at 2010 year-end. The analysis also

assumes a stable water supply from the Colorado River in the amount of1,150,000 AF

through 2015. Although the Colorado River watershed has also experienced drought in

recent years, Metropolitan has implemented a number of supply programs that should

ensure that supplies from this source are relatively steady for the next three years. Based

on estimated "firm" demands on Metropolitan of 212 MAF, the annual surplus or deficit

was calculated for each year of the three-year period.

A review of recent Metropolitan water management actions under shortage conditions

was then undertaken to estimate the level of storage withdrawals and water transfers that

Metropolitan may exercise under the 1990-92 hydrologic conditions were identified. For

this analysis, it was assumed that, if Metropolitan storage levels were greater than 2 MAF

at the beginning of any year, Metropolitan would be willing to take up to 600 TAF out of

storage in that year. Where Metropolitan storage supplies were between 1.2 MAF and 2

MAF at the beginning of the year, it was assumed that Metropolitan would be willing to

take up to 400 TAF in that year. At storage levels below 1.2 MAF, it was assumed that

Metropolitan would take up to 200 TAF in a given year.

It was also assumed that Metropolitan would be willing to purchase up to 300 TAF of

water transfer in any given year. For years where demands still exceeded supplies after

accounting for storage withdrawals, transfer purchases were estimated and compared
against the 300 TAF limit.

Table 5-2: Metropolitan Shortage Conditions

Study
Year

Actual

Year

SWP

Allocation (%)

SWP

AF)

CRA

AF)

Total

AF)

Demand

AF)
Surplus/

Shortage (AF)
Storage at

YE (AF)

Transfers

AF)

2011 1990 30% 603,450 1,108,000 1,711,450 2,124,000 400,000) 1,300,000 12,550)
2012 1991 27% 542,820 1,108,000 1,650,820 2,123,000 200,000) 1,100,000 272,180)

2013 1992 26% 522,990 1,108,000 1,630,990 2,123,000 200,000) 900,000 292,010)

Based on the analysis above, Metropolitan would be able to meet firm demands under the

driest three-year hydrologic scenario using the recent water management actions

described above withoutre-implementing mandatory water use restrictions on its member

agencies. Given the assumed absence of mandatory restrictions, the estimated minimum

imported water supplies available to MWDOC from Metropolitan is assumed to be equal
to Metropolitan's estimate of demand for firm supplies for MWDOC, which Metropolitan
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uses when considering whether to impose mandatory restrictions. Thus, the estimate of

the minimum imported supplies available to MWDOC is 261,577 AFi~.

MWDOC also has also adopted a shortage allocation plan and accompanying allocation

model that estimates firm demands on MWDOC. Assuming MWDOC would not be

imposing mandatory restrictions if Metropolitan is not, the estimate of firms demands in

MWDOC's latest allocation model has been used to estimate the minimum imported
supplies available to each of MWDOC's customer agencies for 2011-13. Thus, the

estimate of the minimum imported supplies available to the City is 6,940 AF13

As captured in its 2010 RUWMP, Metropolitan believes that the water supply and

demand management actions it is undertaking will increase its reliability throughout the

25-year period addressed in its plan. Thus for purposes of this estimate, it is assumed

that Metropolitan and MWDOC will be able to maintain the identified supply amounts

throughout the three-year period.

Metropolitan projects reliability for full service demands through the year 2035.

Additionally, through a variety of groundwater reliability programs conducted by OCWD

and participated in by the City, local supplies are projected to be maintained at demand

levels. Based on the MWDOC Water Supply Allocation Plan, the City is expected to

fully meet demands for the next three years assuming Metropolitan and MWDOC are not

in shortage, a Basin Production Percentage of 62% for Local Supplies and zero

allocations are imposed for Imported Supplies. Normal year supplies are based on the

Base Period supply in the MWDOC Water Supply Allocation Plan, which is the average

of the last three non-shortage calendar years 2004, 2005, and 2006. The Three Year

Estimated Minimum Water Supply is listed in Table 5-3.

Table 5-3: Three-Year Estimated Minimum Water Supply

Source Normal Year 1 Year 2 Year 3

Base Year 2010/2011 2011/2012 2012/2013

Local Supply 7,120 6,981 6,981 6,981

Imported Supply 6,327 6,940 6,940 6,940

Total 13,447 13,921 13,921 13,921

iz

Metropolitan 2010/11 Water Shortage Allocation Plan model (March 2011)
is

MWDOC Water Shortage Allocation model (August 2010)
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5.4. Catastrophic Supply Interruption

Given the great distances that imported supplies travel to reach Orange County, the

region is vulnerable to interruptions along hundreds of miles aqueducts, pipelines and

other facilities associated with delivering the supplies to the region. Additionally, this

water is distributed to customers through an intricate network of pipes and water mains

that are susceptible to damage from earthquakes and other disasters.

Metropolitan

Metropolitan has comprehensive plans for stages of actions it would undertake to address

a catastrophic interruption in water supplies through its WSDM and WSAP Plans.

Metropolitan also developed an Emergency Storage Requirement to mitigate against
potential interruption in water supplies resulting from catastrophic occurrences within the

southern California region, including seismic events along the San Andreas Fault. In

addition, Metropolitan is working with the State to implement a comprehensive
improvement plan to address catastrophic occurrences that could occur outside of the

Southern California region, such as a maximum probable seismic event in the Delta that

would cause levee failure and disruption of SWP deliveries. For greater detail on

Metropolitan'splanned responses to catastrophic interruption, please refer to

Metropolitan's RUWMP.

Water Emergency Response Organization of Orange County

In 1983, the Orange County water community identified a need to develop a plan on how

agencies would respond effectively to disasters impacting the regional water distribution

system. The collective efforts of these agencies resulted in the formation of the Water

Emergency Response Organization of Orange County (WEROC) to coordinate

emergency response on behalf of all Orange County water and wastewater agencies,
develop an emergency plan to respond to disasters, and conduct disaster training
exercises for the Orange County water community. WEROC was established with the

creation of an indemnification agreement between its member agencies to protect each

other against civil liabilities and to facilitate the exchange of resources. WEROC is

unique in its ability to provide a single point of contact for representation of all water and

wastewater utilities in Orange County during a disaster. This representation is to the

county, state, and federal disaster coordination agencies. Within the Orange County

Operational Area, WEROC is the recognized contact for emergency response for the

water community.

City of Tustin

A water shortage emergency could be catastrophic event such as result of drought,
failures of transmission facilities, a regional power outage, earthquake, flooding, supply
contamination from chemical spills, or other adverse conditions. The City maintains and

City of Tustin
5-9

2010 Urban Water Management Plan



Section 5

Water Supplies Contingency Plan

exercises a comprehensive Emergency Management Program for such emergencies
including Water Shortage Emergency Response.

The Water Shortage Emergency Response Plan includes the organizational and

operational policies and procedures required to meet the needs of sufficient water for

firefighting operations and safe drinking water, and provides a system for organizing and

prioritizing water repairs. It also cites authorities and specifies the public and private
organizations responsible for providing water service.

The City will operate under normal operating procedures until a situation is beyond its

control. This includes implementation of any allocation plan passed through by MWDOC

for Metropolitan and water shortage contingency plans of OCWD.

If the situation is beyond the City's control, the City's Emergency Operations Center

EOC) maybe activated to better manage the situation. If the situation warrants, the EOC

may be activated at which time a water representative will be sent to the EOC to

coordinate water emergency response.

In the event the EOC is activated, the City Management Policy Group will set priorities.
When the EOC is activated, the City will take its direction from the EOC. An EOC

Action Plan will be developed in the EOC that will carry out the policies dictated by the

Policy Group. The City will use the EOC Action Plan in determining its course of action.

If the situation is beyond the City's control, additional assistance will be sought through
coordination with the Water Emergency Response Organization of Orange County
WEROC) and the County Operational Area.

Additional emergency services available to the City through the State of California

include the Master Mutual Aid Agreement, WARN and Plan Bulldozer. The Master

Mutual Aid

Agreement includes all public agencies that have signed the agreement and is planned
through the California Office of Emergency Services. The California Water Agencies
Response Network (WARN) includes all public agencies that have signed the agreement
to WARN and provides mutual aid assistance. WARN is managed by a State Steering
Committee. Plan Bulldozer provides mutual aid for construction equipment to any public
agency for the initial time of disaster when danger to life and property exists.

Catastrophe responses are listed in Table 5-4
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Table 5-4: Preparation Actions for Catastrophe

Possible Catastrophe Preparation Actions

Pasadena Ave Well has backup generator; 3 portable

generators for use at 6500 GPM; all planned new

Regional Power Outage facilities will have full backup generators

Earthquake

Supply Contamination City of Tustin EOC, Water Emergency Response

Orange County (WEROC) participation, California

Water Agencies Response Network (WARN)
Terrorist Act which Interrupts Service

participation, Plan Bulldozer

5.5. Prohibitions, Penalties and Consumption Reduction

Methods

The Mandatory Water Conservation and Rationing Program Ordinance No. 1063 lists

water conservation requirements, which shall take effect upon implementation by the

City Council. These prohibitions shall promote the efficient use of water, reduce or

eliminate water waste, complement the City's Water Quality regulations and urban runoff

reduction efforts, and enable implementation of the City's Water Shortage Contingency
Measures. Prohibitions include, but are not limited to, restrictions on outdoor watering,
washing of vehicles, food preparation establishments, repairing of leaks and other

malfunctions, swimming pools, decorative water features, construction activities, and

water service provisions which can be found in Table 5-5.

Prohibitions

Table 5-5: Mandatory Prohibitions

Examples of Prohibitions
Stage When Prohibition Becomes

Mandatory

Lawn watering and landscape irrigation with potable
water is limited to 10am to 6pm and hand-held hoses,

Stage 2
buckets, and drip irrigation must be used. Watering is on

an as-needed basis.

Potable Water shall not be used to wash down streets,

gutters, sidewalks, driveways, parking areas, tennis
Stage 2

courts, patios, pool decks, or other paved areas, except
to alleviate immediate fire or sanitation hazards.

Washing of specific mobile equipment shall be done with

hand-held bucket or hose equipped with ashut-off
Stage 2

nozzle. Commercial car washes are permitted to wash at

any time. Washing is exempted from these regulation

City of Tustin
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Examples of Prohibitions
Stage When Prohibition Becomes

Mandatory

where health, safety and welfare of the public is

contingent upon frequent vehicle cleaning such as

garbage trucks and vehicles used to transport food and

perishables. The use of reclaimed or recycled water is

exempt from this measure.

Watering parks, school grounds, public facilities, and

recreation fields with potable water is not permitted Stage 2

between the hours of 10 am and 4pm.
Restaurants shall not serve water to their customers

Stage 2
except when specifically requested.
The operation of any ornamental fountain or similar

Stage 2
structure is prohibited unless reclaimed water is used.

Agriculture users and commercial nurseries are exempt
from Stage 2 irrigation restrictions, but will be required Stage 2

to curtail all non-essential water use.

Lawn watering and landscape irrigation is limited to 6pm
to Gam and handheld hoses, buckets, and drip irrigation
must be used. Watering is on an as-needed basis. A Stage3

designated irrigation day is determined by the last digit
in the street address.

Watering parks, school grounds, public facilities, and

recreation fields is not permitted between the hours of 6 Stage 3

pm and 6 am.

The use of water from fire hydrants shall be limited to

fire fighting and related activities, or other activities
Stage 3

necessary to maintain the health, safety and welfare of

the public.

Agricultural users and commercial nurseries shall use

water only between the hours of 6pm and 6 am.
Stage 3

All water leaks shall be repaired immediately. Stage 3

Construction water shall not be used for earthwork or

road construction purposes unless authorized as a

mitigation or erosion control, compaction or backfilling Stage 3

earthwork or as required by the Air Quality Management
Plan (AQMP) Control Measure F-4.

All outdoor irrigation of vegetation is prohibited. Stage 4

Washing of specific mobile equipment shall be done with

hand-held bucket or hose equipped with ashut-off

nozzle. Commercial car washes are permitted to wash at

any time. The use of water by all types of commercial car Stage 4

washes shall be reduced in volume by 50%. Washing is

exempted from these regulation where health, safety
and welfare of the public is contingent upon frequent
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Examples of Prohibitions
Stage When Prohibition Becomes

Mandatory

vehicle cleaning such as garbage trucks and vehicles

used to transport food and perishables.

Filling, refilling or adding of water to swimming pools,
Stage 4

spas, ponds, and artificial lakes is prohibited.

Watering parks, school grounds, public facilities, and

recreation fields is prohibited with the exception of plant
Stage 4

materials classified to be rare, exceptionally valuable or

essential to the well being of rare animals.

The use of water from fire hydrants shall be limited to

fire fighting and related activities, or other activities
Stage 4

necessary to maintain the health, safety and welfare of

the public.
Use of water for agricultural users and commercial,

Stage 4
except for livestock watering, is prohibited.
New construction meters or permits for unmetered

service will not be issued. Construction water shall not Stage 4

be used for earth work or road construction purposes.

The use of water for commercial, manufacturing or

Stage 4
processing purposes shall be reduced in volume by 50%.

Use of water for agricultural users and commercial,
Stage 4

except for livestock watering, is prohibited.

No water shall be used for air conditioning purposes. Stage 4

Consumption Reduction Methods

Methods to reduce the use of potable water exist in all Water Shortage Levels which are

expected to reduce consumption up to 50 percent or more in the most restrictive stages,
which are listed in Table 5-6.

Table 5-6: Consumption Reduction Methods

Stage When
Projected

Consumption Reduction Methods Method Takes
Reduction (/)

Effect

Water Watch Conservation Measures Stage 1

Water Alert Conservation Measures Stage 2

Water Warning Conservation
Stage 3

Measures

Water Emergency Conservation
Stage 4 50%

Measures
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Penalties

Any violation of the City's Water Management Program, including waste of water and

excessive use, is a misdemeanor. In addition to any other remedies that the City may have

for enforcement, service of water would be discontinued or appropriately limited to any

customer who willfully uses water in violation of any provision of the ordinance.

Ordinance No. 1063 establishes water usage limits for each customer and additional

charges to be imposed if a violation of the usage occurs, which are listed in Table 5-7.

For every billing unit over and above the allowable water usage, a charge of ninety cents

shall be imposed. If two consecutive billing periods show water usage exceeding the

Allowable Water Usage, an additional surcharge of twenty five percent of the total

amount of the bill (including the additional ninety cents per Billing Unit) will be

imposed. After the third consecutive billing period where water usage exceeds the

Allowable Water Usage, a surcharge of fifty percent of the total bill (including the

additional ninety cents per Billing Unit) will be imposed.

For consecutive billing periods, four or more of which exceed the Allowable Water

Usage, the City may install a flow restricting device to reduce the amount of water

supplied to the customer and a surcharge of seventy-five percent of the total charge shall

be imposed will be added to the total bill for all periods exceeding the allowable usage.

The device shall not be removed until such time as the customer has provided proof
satisfactory to the City that the customer will not exceed the allowable usage charge. A
fee of fifty dollars shall be charged for installing the flow restricting device. Penalties

shall appear on the first billing statement for that account immediately after the Billing
Period in which the excess water usage occurred. The penalty shall be paid at the same

time as the payment for normal water service. Failure to pay the entire amount due shall

incur the same penalties as those imposed for failure to pay for normal water service.

Any excess revenues received by the City from the additional charges and penalties
imposed due to Ordinance No. 1063 that are greater than the additional charges and

penalties paid by the City to Metropolitan, shall be used by the City solely for capital
improvement costs of water facilities. The City may revised the allowable water usage

and the charges, surcharges, and penalties as deemed necessary to accommodate water

allocations, charges, and penalties imposed by Metropolitan and other factors. Such

resolutions shall become effective within ten days of their adoption, be published in a

newspaper of general circulation, printed, published, and circulated throughout the City.
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Table 5-7: Penalties and Charges

Penalties or Charges
Stage When Penalty

Takes Effect

Written Notice Stage 1 Violation

Charge for Excess Use Stage 2 Violation

25 Fine Stage 2, First Violation

35 Fine Stage 2, Second Violation

45 Fine Stage 2, Third Violation

55 Fine Stage 2, Fourth Violation

Installation of flow restrictor device and
Stage 2, Fifth Violation

65 charge
Discontinuation of service, $70 fine to

Stage 2, Sixth Violation
restore normal service

5.6. Impacts to Revenue

The City receives water revenue from a commodity charge, a fixed service charge, and a

capital improvement charge. The rates have been designed to recover the full cost of

water service in the commodity, service, and capital improvement charges. The City's
current water rate structure was designed with possible water shortage in mind. The

water rate has Conservation Tier and Pass-Through mechanism that could offset the

revenue loss or pass through increased cost of operation. In case of a drastic reduction in

water supplies, the Conservation Tiers could be put in place by the Council. The

Conservation Tiers are created to reduce water consumption by sending higher price
signal and offset operation cost. The pass-through charges will also be assessed when

increased costs are imposed by an outside utility and/or agency for such items as

electricity, imported water and groundwater replenishment. The pass through charges
will not exceed 7% of annual water charges.

Should an extreme shortage be declared and a large reduction in water sales occur for an

extended period of time, the City would monitor projected revenues and expenditures,
and then reexamine its water rate structure. These measures are listed in Tables 5-8 and

5-9.

Table 5-8: Proposed Measures to Overcome Revenue Impacts

Name of Measures

Conservation tiers and pass through
Rate adjustment by restructured tiers

Development of reserves
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Table 5-9: Proposed Measures to Overcome Expenditure Impacts

5.7. Reduction Measuring Mechanism

Under normal conditions, potable water production figures are recorded daily, and

monthly reports are prepared and monitored. This data will be used to measure the

effectiveness of any water shortage contingency stage that may be implemented.

As stages of water shortage are declared by MWDOC, the City will follow

implementation of those stages and continue to monitor water demand levels. When

Metropolitan calls for extraordinary conservation, Metropolitan'sDrought Program
Officer will coordinate public information activities with MWDOC and monitor the

effectiveness of ongoing conservation programs. Monthly reporting on estimated

conservation water savings will be provided.

MWDOC will provide each member agency with water use monthly reports that will

compare each member agency's current cumulative retail usage to their allocation

baseline. MWDOC will also provide quarterly reports on it cumulative retail usage versus

its allocation baseline.

The City will participate in monthly member agency manager meetings with both

MWDOC and OCWD to monitor and discuss monthly water allocation charts. This will

enable the City to be aware of imported and groundwater use on a timely basis as a result

of specific actions taken responding to the Water Shortage Contingency Plan.

The above Water Use Monitoring Mechanisms are listed in Table 5-10.

Table 5-10: Water Use Monitoring Mechanisms

Mechanisms for Determining
Type of Data Expected

Actual Reductions

Monthly Reports Estimated Water Savings

Drought Program Officer
Monitored Effectiveness

Activities

Comparison of cumulative

MWDOC Water Use Monthly retail usage to allocation

Reports baseline.

Member Agency meetings with
Groundwater Conditions

OCWD
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6.1. Agency Coordination

The City does not own or operate wastewater treatment facilities and sends all collected

wastewater to OCSD for treatment and disposal. The City relies on the Orange County
Groundwater Basin for the majority of its water supply. As manager of the Basin, OCWD

strives to maintain and increase the reliability of the Basin by increasing recycled water

usage to replace dependency on groundwater. To further this goal, OCWD and OCSD

have jointly constructed two water recycling projects, described below:

OCWD Green Acres Project

The Green Acres Project (GAP) is a water recycling effort that provides recycled water

for landscape irrigation at parks, schools and golf courses as well as for industrial uses,

such as carpet dyeing.

GAP provides an alternate source of water to the cities of Fountain Valley, Huntington
Beach, Newport Beach, Santa Ana, and Mesa Consolidated Water District. Current water

users include Mile Square Park in Fountain Valley, Costa Mesa Golf Course, Home

Ranch bean field and Chroma Systems carpet dyeing. Due to a growing demand for water

in Orange County, it is sensible that recycled water be used whenever possible for

irrigation and industrial uses to supplement groundwater. The use of GAP water will

diminish to approximately 3 MGD upon completion of OCSD's P1-102 (Fountain Valley
Wastewater Secondary Treatment Expansion) project in the fall of 2011.

OCWD Groundwater Replenishment System

The Groundwater Replenishment System (GWRS), which has been operational since

January 2008, takes highly treated sewer water and purifies it to levels that meet state and

federal drinking water standards. It uses athree-step process that includes reverse

osmosis, microfiltration, and ultraviolet light and hydrogen peroxide advanced oxidation

treatment. The treated water is then injected into the seawater barrier to help prevent
seawater intrusion into the groundwater basin and is percolated into deep aquifers where

it eventually becomes part of Orange County's drinking water supply.

The design and construction of the GWRS was a project jointly-funded by OCWD and

OCSD. These two public agencies have worked together for more than 30 years. They are

leading the way in water recycling and providing alocally-controlled, drought-proof and
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reliable supply of high-quality water in an environmentally sensitive and economical

manner.

The first step, Microfiltration (MF), is a separation process that uses polypropylene
hollow fibers, similar to straws, with tiny holes in the sides that are 0.2 micron in

diameter. By drawing water through the holes into the center of the fibers, suspended
solids, protozoa, bacteria and some viruses are filtered out of the water.

In the second step, Reverse osmosis (RO), membranes are made of semi-permeable
polyamide polymer (plastic). During the RO process, water is forced through the

molecular structure of the membranes under high pressure, removing dissolved

chemicals, viruses and pharmaceuticals in the water. The end result is near-distilled-

quality water so pure that minerals have to be added back in to stabilize the water. RO

has been successfully used by OCWD since the mid-1970s to purify highly-treated
wastewater for its seawater intrusion barrier at its Water Factory 21 (WF-21) from 1975-

2004.

In the third step, water is exposed to high-intensity ultraviolet (UV) light with hydrogen
peroxide (H2O2) to disinfect and destroy any trace organic compounds that may have

passed through the reverse osmosis membranes. Examples of these trace organic
compounds areN-Nitrosodimethylamine (NDMA) and 1-4 Dioxane, which have to be

removed to the parts-per-trillion level. UV with H2O2 is an effective

disinfection/advanced oxidation process that keeps these compounds from reaching
drinking water supplies.

The GWRS has a current production capacity of 70 MGD, and a total production of 23.5

billion gallons per year. Once the water has been treated with the three-step process at the

GWRS as described above, approximately 35 MGD of GWRS water is pumped into

injection wells where it serves as a seawater intrusion barrier. Another 35 MGD is

pumped to recharge basins in the City of Anaheim, where GWRS water filters through
sand and gravel to replenish the deep aquifers of north and central Orange County's

groundwater basin. At this time, OCWD has designed Phase 2 of the expansion, which

will recycle approximately another 28 MGD of effluent. Investments beyond Phase 2

have not been approved by OCWD and would require further review before proceeding.
If the further envisioned phase of the prof ect is approved and developed, it is projected
that up to 118 MGD of water will be produced.
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Table 6-1: Participating Agencies

Participating Agencies Participated

Water Agencies Tustin

Wastewater Agencies OCSD

Groundwater Agencies OCWD

Planning Agencies

6.2. Wastewater Description and Disposal

Wastewater is collected by the City and sent to the OCSD wastewater treatment plants.
OCSD collects, treats, and disposes of wastewater and sludge from a service area

covering central and north Orange County. The City is a member agency of OCSD.

Table 6-2 summarizes the past, current, and prof ected wastewater volumes collected and

treated, and the quantity of wastewater treated to recycled water standards for treatment

plants within OCSD's service area. Table 6-3 summarizes the disposal method, and

treatment level of discharge volumes.

Table 6-2: Wastewater Collection and Treatment (AFY)

f
Fiscal Year Ending

Type o Wastewater
2005 2010 2015 2020 2025 2030 2035-opt

Wastewater Collected

Treated in Service 273,017 232,348 302,400 312,704 321,104 329,392 333,536
Area

Volume that Meets

Recycled Water 12,156 75,000 105,000 105,000 105,000 105,000 105,000
Standards

Table 6-3: Disposal of Wastewater (Non-Recycled) (AFY)

Fiscal Year Ending
Method of Disposal

Treatment

Level 2010 2015 2020 2025 2030
2035-

opt

Ocean Outfall Secondary 157,348 197,400 207,704 216,104 224,392 228,536

6.3. Current Recycled Water Uses

There are currently no recycled water uses within the City's service area.
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6.4. Potential Recycled Water Uses

While the City recognizes the potential uses of recycled water in its community, such as

landscape irrigation, parks, industrial and other uses, the OCWD does not have the

recycled water infrastructure to support the use of recycled water. The cost-effectiveness

analyses that have been conducted throughout the years regarding recycled water

infrastructure have not shown to be beneficial at this time. Therefore, the City supports,

encourages and contributes to the continued development of recycled water and potential
uses throughout the region through the GWRS. At this time, the City does not have any

potential and proj ected uses for recycled water.

6.4.1. Direct Non-Potable Reuse

The City does not have the potential for direct non-potable reuse within their service area.

6.4.2. Indirect Potable Reuse

The City benefits indirectly from the replenishment of the Orange County groundwater
basin using GWRS water that meets state and federal drinking water standards for

potable reuse.

6.5. Optimization Plan

Because the City is not using recycled water at this time, it is not practicable to provide a

recycled water optimization plan. The City has positioned itself to receive recycled water

if it becomes available to serve some of the large development areas.

In Orange County, the majority of recycled water is used for irrigating golf courses,

parks, schools, business and communal landscaping. However, future recycled water use

can increase by requiring dual piping in new developments, retrofitting existing
landscaped areas and constructing recycled water pumping stations and transmission

mains to reach areas far from the treatment plants. Gains in implementing some of these

projects have been made throughout the county; however, the additional costs, large
energy requirements and facilities make such projects very expensive to pursue.

To optimize the use of recycled water, cost/benefit analyses must be conducted for each

potential project. Once again, this brings about the discussion on technical and economic

feasibility of a recycled water project requiring a relative comparison to alternative water

supply options. For the City, analysis has shown capital costs exceed the short-term

expense of purchasing additional imported water supplies from Metropolitan through
EOCWD and MWDOC.

The City will continue to conduct cost/benefit analyses when feasible for recycled water

projects, and seek creative solutions and a balance to recycled water use, in coordination
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with OCWD, Metropolitan and other cooperative agencies. These include solutions for

funding, regulatory requirements, institutional arrangements and public acceptance.
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7. Future Water Supply Projects and Programs

7.1. Water Management Tools

Resource optimization such as desalination to minimize the needs for imported water is

led by the regional agencies in collaboration with local agencies.

With the eventual replacement of older wells with new more efficient wells, increasing
the capacity of existing booster stations, and continued efforts in reducing water waste,

the City can meet projected demands with existing facilities and distribution system.

7.2. Transferor Exchange Opportunities

Metropolitan currently has a tiered unbundled rate structure. Tier 2 of this rate structure

increases the cost of supply to a member agency in order to provide a price signal that

encourages development of alternative supply sources. One alternative source of supply
may be a transfer or exchange of water with a different agency.

The CALFED Bay-Delta Program (CALFED) has helped to develop an effective market

for water transactions in the Bay-Delta region. This market is demonstrated by the water

purchases made by the Environmental Water Account and Metropolitan in recent years.

MWDOC and its member agencies plan to take advantage of selected transfer or

exchange opportunities in the future. These opportunities can help ensure supply
reliability in dry years and avoid the higher Tier 2 cost of supply from Metropolitan. The

continued development of a market for water transactions under CALFED will only
increase the likelihood of MWDOC participation in this market when appropriate
opportunities arise.

MWDOC will continue to help its member agencies in developing these opportunities
and ensuring their success. In fulfilling this role, MWDOC will look to help its member

agencies navigate the operational and administrative issues of wheeling water through the

Metropolitan water distribution system.

The City relies on the efforts of Metropolitan as well as MWDOC to pursue transfer or

exchange opportunities. At this time, the City is not currently involved in any transfer or

exchange opportunities.

7.3. Planned Water Supply Projects and Programs

The City projects that water demand will not drastically increase 2010 to 2035 due to full

build out of the service area combined with continued water conservation. Potentially, the
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City could purchase all the water it needs to serve its customers from Metropolitan
through MWDOC and EOCWD. However, the City has planned water infrastructure

improvements to maximize groundwater production in the future. New water supply
sources will be developed primarily to better manage the Lower Santa Ana Groundwater

Basin resource and to replace or upgrade inefficient wells, rather than to support

population growth and new development.

The City has developed a water system capital improvement program (CIP) to minimize

the dependence on imported water supply and to foster a program to increase the

groundwater quality in the aquifer underlying the service area. The City's goal is to

develop local groundwater sources that when combined with treated groundwater
supplies will provide 100 percent of the required supply within the next 25 years.

Together with Metropolitan's Local Resource Program (Groundwater Recovery), the City
is implementing a groundwater development program to utilize existing wells and drill

additional wells to make use of the local groundwater supply. The City has eight existing
untreated groundwater wells.

7.4. Desalination Opportunities

Desalination is viewed as a way to develop a local, reliable source of water that assists

agencies in reducing their demand on imported water, reducing groundwater overdraft,
and in some cases making unusable groundwater available for municipal uses. Currently,
there are no identified projects for desalination of seawater or impaired groundwater.
However, from a regional perspective, desalination projects within the region indirectly
benefit the City.

In Orange County, there are three proposed ocean desalination projects that could serve

MWDOC and its member agencies with additional water supply. These are the

Huntington Beach Seawater Desalination Project, the South Orange Coastal Desalination

Project, and the Camp Pendleton Seawater Desalination Project.

Table 7-1: Opportunities for Desalinated Water

Sources of Water Check if Yes

Ocean Water X

Brackish Ocean Water X

Brackish Groundwater
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7.4.1. Groundwater

The City currently operates two Desalter plants. The Main Street Treatment plant began
operating in 1989 with a capacity of 2 MGD. The Main Street Desalter reduces nitrate

levels from the groundwater produced by Tustin's Main Street wells. The untreated

groundwater undergoes either Reverse Osmosis or Ion Exchange treatment. The Tustin

17th Street Desalter began operating in 1996 with a capacity of 3 MGD. The Desalter

plant reduces high nitrate and TDS concentrations from the groundwater pumped by
Tustin's 17th Street wells. The 17th Street Desalter plant uses two Reverse Osmosis

membrane trains to treat the groundwater.

7.4.2. Ocean Water

Huntington Beach Seawater Desalination Project -Poseidon Resources LLC

Poseidon), a private company, has proposed development of the Huntington Beach

Seawater Desalination Project to be located adjacent to the AES Generation Power Plant

in the City of Huntington Beach along Pacific Coast Highway and Newland Street. The

proposed project would produce up to 50 MGD (56,000 AFY) of drinking water and will

distribute water to coastal and south Orange County to provide approximately 8% of

Orange County's water supply needs. The project supplies would be distributed to

participating agencies through a combination of (1) direct deliveries through facilities

including the East Orange County Feeder #2 (EOCF #2), the City of Huntington Beach's

distribution system, and the West Orange County Water Board Feeder #2 (WOCWBF
2), and (2) water supply exchanges with agencies with no direct connection to facilities

associated with the Project.

Poseidon had received non-binding Letters of Intent (LOI) from the Municipal Water

District of Orange County and 17 retail water agencies to purchase a total of

approximately 72 MGD (88,000 AFY) of Project supplies.

The Project has received specific approvals from the Huntington Beach City Council,

including the Coastal Development Permit, Tentative Parcel Map, Subsequent
Environmental Impact Report (EIR) and Conditional Use Permit, which collectively
provided for the long-term operation of the desalination facility.

In addition to final agreements with the participating agencies, the Project still needs

approvals from the State Lands Commission and the California Coastal Commission

before Poseidon can commence construction of the desalination facility in Huntington
Beach. A public hearing on the Project before the State Lands Commission is expected as

early as this October. If proj ect receives all required permits by 2011, it could be

producing drinking water for Orange County by as soon as 2013.

South Orange Coastal Desalination Project - MWDOC is proposing a desalination

project in joint with Laguna Beach County Water District, Moulton Niguel Water
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District, City of San Clemente, City of San Juan Capistrano, South Coast Water District,
and Metropolitan. The project is to be located adjacent to the San Juan Creek in Dana

Point just east of the transition road from PCH to the I-5. The project will provide 15

MGD (16,000 AFY) of drinking water and will provide up to 30% of its potable water

supply to the participating agencies.

Phase 1 consists of drilling 4 test borings and installing monitoring wells. Phase 2

consists of drilling, constructing and pumping a test slant well. Phase 3 consists of

constructing a Pilot Test Facility to collect and assess water quality. Phases 1 and 2 have

been completed and Phase 3 commenced in June 2010 and will last 18 months.

If pumping results are favorable after testing, afull-scale project description and EIR will

be developed. If EIR is adopted and necessary permits are approved, project could be

operational by 2016.

Camp Penrleton Seawater Desalination Project- San Diego County Water Authority
SDCWA) is proposing a desalination project in joint with Metropolitan to be located at

Camp Pendleton Marine Corps Base adjacent to the Santa Margarita River. The initial

project would be a 50 or 100 MGD plant with expansions in 50 MGD increments up to a

max of 150 MGD making this the largest proposed desalination plant in the US.

The project is currently in the study feasibility stage and is conducting geological surveys

to study the effect on ocean life and examining routes to bring desalination to SDCWA's

delivery system. MWDOC and south Orange County agencies are maintaining a potential
interest in the project, but at this time is only doing some limited fact finding and

monitoring of the project.
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8. UWMP Adoption Process

8.1. Overview

Recognizing that close coordination among other relevant public agencies is the key to

the success of its UWMP, the City worked closely with other entities such as MWDOC to

develop and update this planning document. The City also encouraged public
involvement through a holding of a public hearing to learn and ask questions about their

water supply.

This section provides the information required in Article 3 of the Water Code related to

adoption and implementation of the UWMP. Table 8-1 summarizes external coordination

and outreach activities carried out by the City and their corresponding dates. The UWMP

checklist to confirm compliance with the Water Code is provided in Appendix A.

Table 8-1: External Coordination and Outreach

External Coordination and Outreach Date Reference

Encouraged public involvement (Public Hearing) May 17, 2011 Appendix F

Notified city or county within supplier's service
February 22,

area that water supplier is preparing an updated
2011

Appendix E

UWMP (at least 60 days prior to public hearing)

Held public hearing May 17, 2011 Appendix F

Adopted UWMP Appendix G

Submitted UWMP to DWR (no later than 30 days
after adoption)

Submitted UWMP to the California State Library
and city or county within the supplier's service area

no later than 30 days after adoption)

Made UWMP available for public review (no later

than 30 days after filing with DWR)

This UWMP was adopted by the City Council on MONTH DAY, YEAR. A copy of the

adopted resolution is provided in Appendix G.

A change from the 2004 legislative session to the 2009 legislative session required the

City to notify any city or county within its service area at least 60 days prior to the public
hearing. The City sent a Letter of Notification to the County of Orange and EOCWD on

February 22, 2011 that it is in the process of preparing an updated UWMP (Appendix E).
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8.2. Public Participation

The City encouraged community and public interest involvement in the plan update
through a public hearing and inspection of the draft document. Public hearing
notifications were published in local newspapers. A copy of the published Notice of

Public Hearing is included in Appendix F. The hearing provided an opportunity for all

residents and employees in the service area to learn and ask questions about their water

supply in addition to the City's plans for providing a reliable, safe, high-quality water

supply. Copies of the draft plan were made available for public inspection at the City
Clerk's and Utilities Department offices.

8.3. Agency Coordination

The City coordinated with appropriate agencies in the development of this UWMP as

follows: TWS 14, EOCWD, MWDOC, and Metropolitan for imported water, as well as

OCWD, which manages the Orange County Groundwater Basin, and OCSD, which

manages wastewater.

All of the City's water supply planning relates to the policies, rules, and regulations of

these agencies. This UWMP details the specifics as they relate to the City and its service

area and will refer to EOCWD, MWDOC, Metropolitan, OCWD and OCSD throughout.

Table 8-2 lists the entities that the City coordinated with in the development of the City's
2010 UWMP.

Table 8-2: Coordination with Appropriate Agencies

Participated
in Plan

Development

Commented

on Draft

Attended

Public

Meetings

Contacted

for

Assistance

Sent

Copy of

Draft

Plan

Sent

Notice of

Intention

to Adopt

Not

Involved/No
Information

EOCWD X X X X

MWDOC X X X X

Metropolitan X X X

OCWD X X X

OCSD X X X

DWR X X X X

14
TWS is a contractor of imported water from EOCWD, which subcontracts through MWDOC, which

subsequently is a member agency of Metropolitan.
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As a member agency of MWDOC, MWDOC provided assistance to the City's 2010

UWMP development by providing much of the data and analysis such as, population
projections, demand projections, and SBx7-7 modeling. The City's UWMP was

developed in collaboration with MWDOC's 2010 RUWMP to ensure consistency
between the two documents as well as Metropolitan's 2010 RUWMP and 2010 Integrated
Water Resources Plan.

As a groundwater producer who relies on supplies from the OCWD-managed Orange
County Groundwater Basin, the City coordinated the preparation of this 2010 UWMP

with OCWD. OCWD provided projections of the amount of groundwater the City is

allowed to extract in the 25-year planning horizon. In addition, information from

OCWD's 2009 Groundwater Management Plan and 2008-2009 Engineer's Report were

incorporated in this document where relevant.

8.4. UWMP Submittal

8.4.1. Review of Implementation of 2005 UWMP

As required by California Water Code, the City summarizes the implementation of the

Water Conservation Programs to date, and compares the implementation to those as

planned in its 2005 UWMP.

Comparison of 2005 Planned Water Conservation Programs with 2010

Actual Programs

The City recognizes the importance of water conservation and has made water use

efficiency an integral part of water use planning. The City is not a California Urban

Water Conservation Council (CUWCC) signatory; however, it is currently implementing
all 14 DMMs described in the Act. DMMs as defined by the Act correspond to the

CUWCC's Best Management Practices (BMPs). For the City's specific achievements in

the area of conservation, please see Section 4 of this Plan.

8.4.2. Filing of 2010 UWMP

The City Council reviewed the Final Draft Plan on DATE. The five-member City
Council approved the 2010 UWMP on DATE. See Appendix G for the resolution

approving the Plan.

By August 1, 2011, the City's Adopted 2010 UWMP was filed with DWR, California

State Library, County of Orange, and cities within the City's service area.
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Appendices

A. Urban Water Management Plan Checklist

B. Orange County Water District Groundwater Management Plan 2009 Update

C. Bump Calculation Methodology
D. Resolution No. 10-57, No. 92-15; Ordinance No. 1060, No. 1063

E. 60 Day Notification Letters

F. Public Hearing Notice

G. Copy of Plan Adoption
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Urban Water Management Plan Checklist
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

The Orange County Water District (OCWD) is a special district formed in

1933 by an act of the California Legislature. The District manages the

groundwater basin that underlies north and central Orange County. Water

produced from the basin is the primary water supply for approximately 2.5

million residents living within the District boundaries.

ES-1 Introduction

The mission of the OCWD is to provide local water retailers with a reliable, adequate,
high quality water supply at the lowest reasonable cost in an environmentally
responsible manner. The District implements a comprehensive program to manage the

groundwater basin to assure a safe and sustainable supply. The Groundwater

Management Plan 2009 Update documents the objectives, operations, and programs
aimed at accomplishing the District's mission.

The Orange County groundwater basin meets approximately 60 to 70 percent of the

water supply demand within the boundaries of the District as shown in Figures ES-1 and

ES-2. Nineteen major producers, including cities, water districts, and private water

companies, pump water from the basin and retail it to the public. There are also

approximately 200 small wells that pump water from the basin, primarily for irrigation
purposes.

OCWD History
Since its founding, the District has grown in size from 162,676 to 229,000 acres. Along
with this growth in area has come a rapid growth in population. Facing the challenge of

increasing demand for water has fostered a history of innovation and creativity that has

enabled OCWD to increase available groundwater supplies while protecting the long-
term sustainability of the basin. Groundwater pumping from the basin has grown from

approximately 150,000 acre-feet per year (afy) in the mid-1950s to over 300,000 afy, as

shown in Figure ES-3.

History of Active Groundwater Recharge
To accommodate increasing demand for water supplies, OCWD started actively
recharging the groundwater basin over fifty years ago. In 1949, the District began
purchasing imported Colorado River water from the Metropolitan Water District of

Southern California (Metropolitan), which was delivered to Orange County via the Santa

Ana River upstream of Prado Dam. In 1953, OCWD began making improvements in the

Santa Ana River bed and constructing off-channel recharge basins to increase recharge
capacity. The District currently operates 1,067 acres of recharge facilities adjacent to

the Santa Ana River and its main Orange County tributary, Santiago Creek.
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Control of Seawater Intrusion and Construction of the Groundwater

Replenishment System
One of the District's primary efforts has been the control of seawater intrusion into the

groundwater basin, especially in two areas_ the Alamitos Gap and the Talbert Gap.
OCWD began addressing the Alamitos Gap intrusion by entering a partnership in 1965

with the Los Angeles County Flood Control District to operate injection wells in the

Alamitos Gap. Operation of the injection wells forms a hydraulic barrier to seawater

intrusion.

FIGURE ES-1
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To address seawater intrusion in the Talbert Gap, OCWD constructed Water Factory
21, a plant that treated secondary-treated water from the Orange County Sanitation

District (OCSD) to produce purified water for injection. Water Factory 21 operated for

approximately 30 years until it was taken off line in 2004. It was replaced by an

advanced water treatment system, the Groundwater Replenishment (GWR) System.
The GWR System, the largest water purification project of its kind, began operating in

2008 to provide water for the Talbert Injection Barrier as well as to supply water to

recharge basins in the City of Anaheim.

FIGURE ES- 2
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FIGURE ES- 3
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Preparation of the Groundwater Management Plan

The District's previous update to the Groundwater Management Plan was prepared in

2004. The five Key Performance Indicators established in the 2004 plan were

accomplished, as shown in Table ES-1. In addition, over eighteen major projects
completed between 2004 and 2008 have improved District operations, increased

groundwater recharge capacity, and improved water quality.

The Groundwater Management Plan 2009 Update provides information on District

operations, lists projects completed since publication of the 2004 report, and discusses

plans for future projects and operations. The updated plan was prepared and adopted in

accordance with procedures stipulated by A.B. 3030 and Section 10750 et seq. of the

California Water Code.

Goals and Objectives
The District's goals are to (1) protect and enhance groundwater quality, (2) to protect
and increase the sustainable yield of the basin in acost-effective manner and (3) to
increase the efficiency of OCWD's operations. Section 1.8 contains a complete list of

management objectives aimed at accomplishing these goals.
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TABLE ES-1

KEY PERFORMANCE INDICATORS

2004 Groundwater Management Plan
2008 Status

Key Performance Indicators

GWR System began operation in 2008.

Cease landward migration of 250 mg/L
Reliable, local water supplies available for barrier

chloride contour by 2006 injection increased from 5 mgd to 30 mgd.

Reversal of landward migration at Talbert Barrier

observed in 2008.

Increase Prado water conservation
Memorandum of Agreement with the Army Corps of

pool elevation by four feet by 2005 Engineers was executed in 2006 allowing afour-foot

increase in the maximum winter pool elevation.

Increase in recharge capacity of greater than

Increase recharge capacity by 10,000 afy occurred with (1) the La Jolla Recharge
10,000 afy Basin coming on line in 2008 and (2) operation of

Basin Cleaning Vehicles.

All water recharged into the basin
No exceedances of MCLs or Notification Levels in

through District facilities meets or is recharge water as documented in Santa Ana River

better than Department of Public
Water Quality Monitoring Reports (OCWD 2005,

Health MCLs and Notification Levels
2006, 2007, and 2008) and GWR System permit
reports.

Basin's accumulated overdraft was reduced by
Reduce basin overdraft by 20,000 afy 202,000 of between June 2004 and June 2007.

OCWD Engineer's Report, 2008)

ES-2 Basin Hydrogeology
The Orange County groundwater basin covers an area

miles underlying the north half of Orange County beneath

Tustin and Downey plains. The aquifers comprising the

deep and form a complex series of interconnected sarn

inland area, generally northeast of Interstate 5, the cl

thinner and more discontinuous, allowing larger quanl
between shallow and deeper aquifers.

Forebay and Pressure Areas

of approximately 350 square
broad lowlands known as the

basin extend over 2,000 feet

and gravel deposits. In the

y and silt deposits become

ities of groundwater to flow

The basin is divided into two primary hydrologic divisions; the Forebay and Pressure

areas (see Figure ES-2). The boundary between the two areas generally delineates the

areas where surface water or shallow groundwater can or cannot move downward to

the first producible aquifer in significant quantities from a water supply perspective. Most

of the groundwater recharge occurs in the Forebay.

OCWD conducts an extensive groundwater monitoring network to collect data to depths
of up to 2,000 feet in the basin. Data from these monitoring wells were used to delineate
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the depth of the "principal" aquifer system, within which most of the groundwater
production occurs. Figure ES-4 schematically depicts the basin's three aquifer systems,
with groundwater flowing from Yorba Linda to the coast.

FIGURE ES- 4
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Shallower aquifers exist above the principal aquifer system. Production from this

system, principally for industrial and agricultural uses, is typically about five percent of

total basin production. Deeper aquifers exist below the principal aquifer system, but

these zones have been found to contain colored water or are too deep to economically
construct production wells; few wells penetrate this system.

A vast amount of water is stored within the basin, although only a fraction of this amount

can be removed without causing physical damage such as seawater intrusion or the

potential for land subsidence.

Water Budget
OCWD developed a hydrologic budget in order to construct a Basin Model and to

evaluate basin production capacity and recharge requirements. The hydrologic budget
quantifies the amount of basin recharge, groundwater production, and subsurface flows

along the coast and across the Orange/Los Angeles County line.

Calculation of Groundwater Elevation, Storage, and Accumulated Overdraft

Annual changes in the amount of groundwater stored in the basin are estimated using
groundwater elevation measurements and aquifer storage coefficients for the three

primary aquifer systems in the basin. This three-layer method involves measuring the

water levels throughout the basin at the end of each water year at nearly every

production and monitoring well in the basin. Water level measurements are contoured

and digitized into the Geographic Information System. Storage change volumes for

each of the three aquifer levels are determined and then totaled to provide a net annual

storage change for the basin.
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The District estimates that the basin can be operated on a short-term basis with a

maximum accumulated overdraft (storage reduction from full condition) of approximately
500,000 acre-feet (af) without causing irreversible seawater intrusion and land

subsidence. In 2007, OCWD developed a new methodology to calculate accumulated

overdraft and storage change. The need for this change was driven by the record-

setting wet year of 2004-05, which resulted in the basin approaching a near-full

condition. Analysis showed that the traditional method of cumulatively adding the annual

storage change each year contained considerable uncertainty. The updated approach is

based on a determination of the amount of groundwater in storage in each of the three

major aquifer systems.

Elevation Trends and Groundwater Model

Groundwater level profiles generally following the Santa Ana River in Orange County
are prepared to evaluate changes in the basin due to groundwater pumping and

OCWD recharge operations. Groundwater levels are managed within a safe basin

operating range to protect the long-term sustainability of the basin and to protect against
land subsidence.

The District has developed a comprehensive computer-based groundwater flow model.

Development of the model substantially improved the overall understanding of

processes and conditions in the basin. The model also allows analysis of how the basin

reacts to various theoretical pumping and recharge conditions. The model's ability to

simulate known and projected future conditions will evolve and improve as new data

become available and updated simulations are completed.

ES-3 Groundwater Monitoring
For its size, the Orange County groundwater basin is one of the world's most

extensively monitored. The comprehensive monitoring program tracks dynamic basin

conditions including groundwater production, storage, elevations, and water quality.

OCWD's monitoring program has helped improve groundwater management throughout
the basin by:

Establishing on an annual basis the appropriate level of groundwater production.

Determining the extent of seawater intrusion and subsequently building
improvements to seawater barriers to prevent and reverse such intrusion.

Discovering areas of groundwater contamination to protect public health and

beneficial use of groundwater, and to begin remediation efforts at an early stage.

Assuring that the groundwater basin is managed in accordance with relevant

laws and regulations.

Collection and Management of Monitoring Data

Large-capacity well owners report monthly groundwater production for each of their

wells. OCWD operates its own groundwater monitoring network with a diverse cross-

section of well types and broad range of well depths and screened intervals. The type
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and number of wells in the basin wide monitoring program are shown in Table ES-2; the

distribution of wells is shown in Figure ES-5.

TABLE ES- 2

DISTRIBUTION OF WELLS IN BASIN WIDE MONITORING PROGRAM

Well Type No. of Wells
No. of Individual

Sample Points

Drinking Water Wells 228 228

Industrial And Irrigation wells 123 123 _

OCWD Monitoring Wells (excluding seawater monitoring) 254 728

OCWD Seawater Intrusion Monitoring Wells 93 ~ 244

Total 698 1323

FIGURE ES- 5
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In 2008, nearly 14,000 groundwater samples were collected and analyzed in order to

comply with state and federal regulations and to enable OCWD to monitor the water

quality of the basin. The number of water quality samples continues to increase in

response to new regulatory requirements and to gain a better understanding of the

basin. OCWD's laboratory is state-certified to perform bacteriological, inorganic, and

organic analyses. State-certified contractor laboratories analyze radiological samples.

OCWD's water quality monitoring program includes:

Testing groundwater samples for more than 100 regulated and unregulated
chemicals at a specified monitoring frequency established by the U.S.

Environmental Protection Agency (EPA) and the California Department of Public

Health (CDPH) regulations.

Monitoring and preventing the encroachment of seawater into fresh groundwater
zones along coastal Orange County.

Assessing Santa Ana River water quality. Since the quality of the surface water

that is used to recharge the groundwater basin affects groundwater quality, a
routine monitoring program is maintained to continually assess ambient river

water quality. Water samples are collected each month from the river. The

District also monitors the quality of imported replenishment water and tests

selected monitoring wells to assess the water quality in areas where GWR

System water is being injected and recharged.

Data Management and Publication

Data collected in OCWD's monitoring program are stored in the District's electronic

database, the Water Resources Management System ( WRMS). WRMS contains

comprehensive well information, as well as information on subsurface geology,
groundwater modeling, and water quality. Data are used in calibrating the basin model,
evaluating the causes of seasonal groundwater fluctuations, and estimating changes in

basin storage throughout the year.

Regular District publications include the annual release of the Engineer's Report on

Groundwater Conditions, Water Supply and Basin Utilization; the Santa Ana River

Water Quality Monitoring Report; and the Groundwater Replenishment System
Operations Annual Report.

ES-4 Recharge Water Supply Management
OCWD operates recharge facilities to maximize groundwater recharge. Recharging
water into the basin through natural and artificial means is essential to support pumping
from the basin. The basin's primary source of water for groundwater recharge is flow

from the Santa Ana River. OCWD diverts river flows into recharge basins located in and

adjacent to the Santa Ana River and its main Orange County tributary, Santiago Creek.

Other sources of recharge water include natural infiltration, recycled water, and

imported water.
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History of Recharge Operations
Active recharge of groundwater began in 1949, in response to increasing drawdown of

the basin and, consequently, the serious threat of seawater intrusion. In 1953, OCWD

began to make improvements in the Santa Ana River bed and areas adjacent to the

river to increase recharge capacity. Today the District owns and operates a network of

recharge facilities that cover 1,067 acres, as shown in Figure ES-6. The District has an

ongoing program to assess enhancements in the existing recharge facilities, evaluate

new recharge methods, and analyze potential new recharge facilities.

OCWD Recharge Facilities

Surface water from the Santa Ana River flows into Orange County through the Prado

Dam. The District is able to recharge essentially all non-storm flow in the Santa Ana

River that enters Orange County through Prado Dam. The dam was built and is

operated by the Army Corps of Engineers ( ACOE) for flood control purposes.

Agreements between the ACOE and OCWD enable the dam to be operated for water

conservation purposes, such that the District is able to capture a portion of the storm

flows for groundwater recharge.

Water released at Prado Dam naturally flows downstream into Orange County and

percolates through the river's 300-400 foot-wide unlined channel bottom. Active

management of recharge begins at the intersection of the river and Imperial Highway in

the City of Anaheim. It is in the six-mile reach of the river below Imperial Highway and

areas adjacent to the river where many of the recharge basins are located. The

recharge facilities are grouped into four major components: the Main River System, the

Off-River System, the Deep Basin System, and the Burris Basin/Santiago System.

The Main River System consists of approximately 290 acres of the Santa Ana River

Channel. One of the District's main control facilities, the Imperial Inflatable Dam and

Bypass structure diverts Santa Ana River water flows from the Main River System into

the Off-River System. The Off-River System is a shallow, sandy bottom, 100- to 200-

foot wide channel that runs parallel to the Main River System; a levee separates these

two systems.

Water can be diverted from the Off-River System into the Deep Basin System. These

recharge basins range in depth from ten to sixty feet. Flows are regulated between

these basins to maximize recharge.

Water in the Santa Ana River can also be diverted at the Five Coves Inflatable Dam into

the Burris Basin/Santiago System. This system includes 373 acres of shallow and deep
recharge basins. The Santiago Pipeline allows water to be diverted from Burris Basin

into the Santiago Basins.

The Santiago Basins recharge water diverted from Burris Basin as well as flows from

Santiago Creek. The creek is a tributary of the Santa Ana River that extends from the

Santa Ana Mountains through the City of Orange to its confluence with the Santa Ana

River in the City of Santa Ana.
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FIGURE ES- 6

OCWD RECHARGE FACILITIES IN ANAHEIM AND ORANGE
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Sources of Recharge Water Supplies
In addition to Santa Ana River and Santiago Creek, other sources of recharge water

include natural recharge, imported water, and water purified by OCWD's GWR System.
The GWR System (Figure ES-7) is a cooperative project with the OCSD that began
operating in 2008. Secondary-treated wastewater from OCSD undergoes treatment

consisting of microfiltration, reverse osmosis, and advanced oxidation with ultraviolet

light and hydrogen peroxide. The water purified through the GWR System is injected
into the groundwater basin near the coast to maintain a barrier preventing seawater

intrusion and provides an additional supply of water for recharge operations.

ES-5 Groundwater Quality Management
OCWD conducts an extensive program aimed at protecting the quality of the water in

the basin. These efforts include groundwater monitoring, participating in and supporting
regulatory programs, remediation projects, working with groundwater producers, and

providing technical assistance.

Groundwater Protection Policy
The District adopted a Groundwater Protection Policy in May 1987, in recognition of the

serious threat posed by groundwater contamination. This policy is described in Section

5 of the Plan.

FIGURE ES-7

GROUNDWATER REPLENISHMENT SYSTEM
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Salinity and Nitrate Management

Managing salinity, the amount of dissolved minerals in water, and nitrates are significant
water quality challenges in southern California. Elevated levels of nitrates pose a risk to

human health. High concentrations of salts can contaminate groundwater supplies,
constrain implementation of water recycling projects, and cause other negative
economic impacts such as the need for increased water treatment by residential,
industrial and commercial users.

Sources of salinity in water used to recharge the groundwater basin include Santa Ana

River water, imported water, shallow groundwater within Orange County, seawater

migrating into the basin, precipitation, and legacy contamination from historical

agricultural operations. Water treatment plants, also referred to as desalters, have been

built in Riverside and San Bernardino Counties to reduce salinity levels in water

supplies. Within Orange County, desalters in Tustin and Irvine are reducing salinity
levels in the groundwater basin. The GWR System provides a dependable supply of low

salinity water that is expected to reduce the basin salt imbalance by approximately
47,000 tons/year.

Nitrates are one of the most common and widespread contaminants in groundwater
supplies. Elevated levels of nitrates in soil and water supplies originate from fertilizer

use, animal feedlots and wastewater disposal systems. OCWD conducts an extensive

program to protect the basin from nitrate contamination, including operating 450 acres

of wetlands in the Prado Basin (Figure ES-8) to naturally remove nitrate before the

water enters the District's recharge facilities.

FIGURE ES-H

PRADO WETLANDS
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Ninety-eight percent of the drinking water wells pumping from the Orange County
groundwater basin meet the nitrate drinking water standard. The two percent that do not

meet the nitrate standard are treated to reduce nitrate levels prior to being served to

customers.

The Irvine and Tustin desalters are in operation to remove salts and nitrate from

groundwater. The Irvine Desalter also addresses contamination from organic
compounds.

Synthetic Organic Contaminants

Ninety-five percent of the basin's groundwater that is used for drinking water is pumped
from the main aquifer. Water from this aquifer continues to be of high quality. OCWD

routinely monitors potential contamination and is working to remediate some localized

contamination in the shallow aquifer.

One contaminant of concern is methyl tertiary butyl ether (MTBE), a chemical previously
added to gasoline. The District analyzes groundwater for MTBE and other fuel-related

contaminants. The District is implementing remediation efforts to address contamination

from volatile organic compounds (VOCs). Two particular projects are the North Basin

Groundwater Protection Project and the South Basin Groundwater Protection Project.
The North Basin Groundwater Protection Project is being constructed in Anaheim and

Fullerton to remove and contain groundwater contaminated with VOCs. The South

Basin Groundwater Protection Project is being designed to address VOC and

perchlorate contamination in the area of southeast Santa Ana/South Tustin and the

western portion of Irvine.

ES-6 Integrated Management of Production and Recharge
OCWD is internationally known for its unique, proactive, supply-side management
approach. This is a major factor that has enabled the District to develop one of the most

advanced and progressive groundwater management systems in the world. Growth in

demand for water supplies has challenged the District to augment recharge water

supplies, effectively manage demands on the basin, and balance the amount of total

recharge and total pumping to protect the basin.

Cooperative Efforts to Protect Water Supplies and Water Quality
OCWD participates in cooperative efforts with local, state, and federal regulatory
agencies and stakeholders within the District boundaries and in the Santa Ana River

Watershed. For example, the ACOE works cooperatively with OCWD to store water

behind Prado Dam and to release flows at rates that allow for the maximum capture of

water for recharge operations. Other cooperative efforts include natural resource

conservation efforts in the Prado Basin and participating in working groups and task

forces with stakeholders throughout the watershed.

Water Supplies
OCWD provides access to basin supplies at a uniform cost to all entities without regard
to the length of time they have been producing from the basin. The District's programs
include operating the groundwater recharge basins, increasing supplies of recycled
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water available for groundwater recharge, producing recycled water for irrigation and

other non-potable uses, participating in water conservation efforts, and working with the

Municipal Water District of Orange County (MWDOC) in developing and conducting
other supply augmentation projects and strategies.

Water Demand

Numerous factors influence water demands such as population growth, economic

conditions, conservation programs, and hydrologic conditions. Estimates of future

demands are therefore subject to some uncertainty and are updated on a regular basis.

Total water demand within the District's boundary for water year 2007-08 (July 1-

June 30) was 480,000 af. Total demand is met with a combination of groundwater,
imported potable water, local surface water, and recycled water used for irrigation and

industrial purposes. Figure ES-9 shows historical total District water demands from

1984 to the present. Estimating water demands is necessary for the planning of future

water supply project and programs.

FIGURE ES-9

HISTORICAL TOTAL DISTRICT WATER DEMANDS
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causing negative impacts. Each year the District estimates the level of storage for the

following year.

Integrated Management of Recharge and Production

Over the long term, the basin must be maintained in an approximate balance to ensure

the long term viability of the water supply. In one particular year, water withdrawals may
exceed water recharged as long as over the course of a number of years this is

balanced by years where water recharged exceeds withdrawals. Levels of basin

production and water recharged since water year 1991-92 are shown in Figure ES-10.

The primary mechanism used by OCWD to manage pumping is the Basin Production

Percentage (BPP). The BPP is the percentage of each Producer's total water supply
that comes from groundwater pumped from the basin. The BPP is set uniformly for all

Producers. Groundwater production at or below the BPP is assessed the

Replenishment Assessment. Pumping above the BPP is also assessed a Basin Equity
Assessment, which is calculated so that the cost of groundwater production is higher
than purchasing imported potable water. This serves to discourage production above

the BPP.

FIGURE ES-10

BASIN PRODUCTION AND RECHARGE SOURCES
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Drought Management

During a drought, flexibility to maintain pumping from the basin becomes increasingly
important. To the extent that the basin has water in storage that can be pumped out

during a drought, the basin provides a valuable water supply asset during drought
conditions. For the basin to serve as a safe, reliable supply, sufficient groundwater must

be stored before a drought occurs and the basin needs to be refilled after a period of

storage reduction occurs.

ES-7 Financial Management
The District has an excellent revenue base and a strong "AA+" financial rating. The

District also has the ability to issue additional long-term debt, if necessary, to develop
projects to increase the basin's yield and protect water quality. The annual operating
budget for fiscal year 2008-09 was approximately $116.3 million.

OCWD maintains reserve funds to ensure financial integrity and to purchase
supplemental water when it becomes available for groundwater recharge. The District's

primary sources of revenue include the Replenishment Assessment, Basin Equity
Assessment, property taxes, and other miscellaneous revenues such as rental fees on

District property.

The District's programs to protect and increase the basin's sustainable yield in a cost-

effective manner continue to evolve due to changes in the availability of recharge water

supplies. Below average rainfall over the past four years in the Santa Ana River

Watershed as well as other factors has reduced the availability of Santa Ana River

water. The availability of imported water supplies for groundwater recharge has also

changed significantly in the last few years. The occurrence of wet and dry periods, the

future availability and cost of imported water supplies for recharge, and changing water

management practices of agencies in the watershed will continue to affect the District's

management of the basin.
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SECTION 1 INTRODUCTION

1 INTRODUCTION

The Orange County Water District (OCWD) manages the Orange County
Groundwater Basin (the basin) in coastal Southern California This section

provides background information on the District and sets the framework for the

Groundwater Management Plan 2009 Update (Plan). The subsections below:

Discuss the District's formation, mission, and operating authorities.

Trace changing conditions in the basin that are important to

development of the Plan.

Describe the public participation component of the Plan.

Discuss the Plan's compliance with the California Water Code.

Present basin management objectives that guide the District's

management of the basin.

Explain the District's public education programs.

1.1 History of OCWD

The OCWD was formed by a special act of the California Legislature in 1933 to manage
the groundwater basin that underlies north and central Orange County. District

boundaries are shown in Figure 1-1. OCWD is not a water retailer and does not serve

water to the public; rather, the District manages the groundwater basin.

Figure 1-1

Orange County Water District Boundary
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Nineteen major producers, including
cities, water districts, and private water

companies, pump water from the basin

and retail it to the public. There are also

approximately 200 small wells that

pump water from the basin, primarily for

irrigation purposes. OCWD protects and

manages the quantity and quality of the

groundwater resource that meets

approximately 60 to 70 percent of the

water supply demand for a population of

over 2.5 million.

Since its founding, the District has

grown in area from 162,676 to 229,000
acres and has experienced an increase

in population from approximately
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120,000 to 2.5 million people. Facing the challenge of increasing demand for water has

fostered a history of innovation and creativity that has enabled OCWD to increase

available groundwater supplies while protecting the long-term sustainability of the basin.

The District's powers, as defined in its enabling legislation by the State of California

Water Code App §40-1, et seq., or the ÒCWD Act'), include the following:

Within or outside the District to construct, purchase, lease or otherwise

acquire, and to operate and maintain necessary waterworks... to replenish
the undergroundwater basin within the district, or to augment and protect
the quality of the common water supplies of the district, ... (portions of

Section 2.5 of OCWD Act)

For the common benefit of the district and for the purpose of managing the

groundwater basin and managing, replenishing, regulating, and protecting
the groundwater supplies within the district to exercise the following
powers:

Provide for the conjunctive use of groundwater and surface water

resources within the district area.

Store water in undergroundwater basins or reservoirs within or

outside of the district. Regulate and control the storage of water

and the use of groundwater basin storage space in the groundwater
basin.

Purchase and import water into the district.

Transport, reclaim, purify, treat, inject, extract, or otherwise manage
and control water for the beneficial use of persons or property
within the district and to improve and protect the quality of the

groundwater supplies within the district. (Portions of Section 2.6 of

OCWD Act)

To provide for the protection and enhancement of the environment within

and outside the district in connection with the water activities of the district.

Section 2.7 of OCWD Act)

These powers illustrate the range of activities the District is involved with in managing
the groundwater basin.

The Orange County Groundwater Basin was used by early settlers to supplement Santa

Ana River surface water. Adequate, dependable water supplies were always a

challenge for the residents of this semi-arid land. By 1900, conflicts over water supplies
were escalating. The county's economic growth into an agricultural center was only one

source of the problem. The other source was upstream: Santa Ana River flows were

decreasing due to increased water use in the basins upstream of Orange County. San
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Bernardino, Riverside, and Orange Counties were dependent on the same water source

the Santa Ana River in the Santa Ana River Watershed (shown in Figure 1-2).

FIGURE 'I -2

SANTA ANA RIVER WATERSHED

Santa Ana River Watershed ~ ~ - : ~£.

2,481 Square Miles '~~,. ~_~,. _`

T~.

qw~

c1o d'am ,

f

grange County
Wa#+er District

387 Square Miles

4~'°~.. ~ rw.

San Jacinto Watersh~

770 Square Miles

1~__ ~ ~"

A

c4
o~

M d,~

W :~` _, E

u~'*
5

D 5 16

Miles

I :: ~ i; 'r.~ .. ,,.. ~, ,..~ r., r r.':.a~. .. ..i,-., ,var.r

rp - , - .

Santa Ana River

r~••~ 
OG1+VD Boundaryal

Santa Ana River watershed Boundary

San Jacinto watershed Boundary



SECTION ~ INTRODUCTION

In the early 1900s, reduced river flows and lowering of the Orange County groundwater
table heightened conflicts between water users. Lower basin users initiated legal and

other efforts to secure rights to water supplies. In 1932, The Irvine Company filed suit

against upper basin users to protect its rights to river flows. Around the same time, the

Orange County Farm Bureau formed the Santa Ana Basin Water Rights Protective

Association to consider options to secure adequate supplies. This group developed a

series of proposals, one of which led to legislation that created the OCWD.

The Orange County Water District Act was passed by the state legislature on

June 4, 1933. The new District promptly joined The Irvine Company's lawsuit and was

party to the 1942 settlement of that suit. The agreement limited the amount of river

water that could be used for recharge in the upper basin to ensure that Orange County
would have a share of Santa Ana River water.

Creation of the District and settlement of the lawsuit did not immediately solve the water

supply problems in Orange County. Throughout the 1930s to early 1950s, groundwater
pumping continued to exceed the rate of water recharged into the basin, a condition

referred to as "overdraft." OCWD began looking for additional water supplies.

Efforts to bring more water into southern California were already underway. The

Metropolitan Water District of Southern California (Metropolitan), created in 1927, built

an aqueduct to transport and sell Colorado River water. Between 1949 and 1953,
OCWD purchased 28,000 acre feet per year (afy) of Metropolitan water for groundwater
recharge. However, these additional supplies were not enough to satisfy growing
demand; by 1954, groundwater levels fell an average of fifteen feet below sea level.

Now, the principal limitation faced by OCWD was the lack of an adequate, dependable
funding base for purchasing the large amounts of recharge water needed to refill the

overdrafted basin.

OCWD's only funding source at that time was local ad valorem taxes. Using property
taxes to buy imported water was becoming controversial. Property owners in most of

the District belonged to Metropolitan so their property taxes were funding imported
water purchases. But water users pumping from the basin who were not Metropolitan
members were benefiting from the imported supply without paying for it. In addition,
some tax-paying property owners were not using the water that they were being
charged for.

A twelve-person Orange County Water Basin Conservation Committee (the Committee

of Twelve) was formed in 1952 to develop a solution to the funding problem. This

process is described by author William Blomquist in his book "Dividing the Waters"

Blomquist, 1992).

The area's water management problems were discussed at a joint
meeting in 1952 of the Water Problems Committee of the Orange County
Farm Bureau, the Water Committee of the Associated Chambers of

Commerce, and the Board of Directors of the Orange County Water

District. The twelve-man Orange County Water Basin Conservation

Committee (the Committee of 12) was formed to study the issues further

and develop recommendations. The Committee of 12 maintained the

area's basic commitment to increasing supply rather than restricting
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demand. They considered and rejected centralized control over water

consumption and distribution by an agency empowered to enforce

conservation, or adjudication and limitation of water rights using the court-

reference procedure. They supported instead a proposal to fund

replenishment by taxing pumping. This approach held the promise of

raising the necessary funds, relating producers' taxation to their benefits

received, and relieving non-producers from paying for replenishment
except to the extent that they purchased water from producers.
Furthermore, at least theoretically, a tax on pumping would build in

conservation incentives without mandating conservation.

OCWD was not authorized to tax pumping, so the Orange County Water

District Act would have to be amended. The Committee of 12 assembled a

package of amendments that amounted to a substantial redesign of the

district. To be fair, a pump tax would have to be implemented basin-wide,
so the Committee proposed enlarging the district's territory to include

Anaheim, Fullerton, and Santa Ana, plus areas owned by the Anaheim

Union Water Company and the Santa Ana Valley Irrigation Company near

the canyon. A pump tax would make it necessary to measure and record

water production from the thousands of wells within the district, so an

amendment was proposed requiring every producer therein to register
wells with OCWD and to record and submit production data to the District

twice per year. The Committee also proposed that an annual District

Engineer's Report on basin conditions and groundwater production be

submitted to the District and water users, to allow them to monitor the

effects of the replenishment program and to provide a shared picture on a

regular basis of basin conditions, including the extent of seawater intrusion

and the level of the water table."

Passage of these proposed amendments in 1954 was one of the most significant
modifications to the original District Act. These major revisions gave OCWD the

authority to assess a charge to pump groundwater, known as a Replenishment
Assessment (RA). The OCWD Board of Directors voted to institute the first RA on

June 9, 1954. The District now had adequate funds to purchase the amount of imported
water needed for groundwater recharge, to monitor water quality and basin conditions,
maintain and improve spreading facilities and pay for administrative costs.

One pressing problem arising from overdrafting the basin was seawater intrusion. In

1956, the groundwater level dropped to its lowest historical point, as much as 40 feet

below sea level, and seawater intruded 3'/2 miles inland. Although imported water was

helping refill the basin, the challenge of seawater intrusion remained. This was a

problem primarily in two areas: the Alamitos Gap at the mouth of the San Gabriel River

at the Orange County/Los Angeles County border and the Talbert Gap in Fountain

Valley. In 1965, the District began a joint program that continues to the present with the

Los Angeles County Flood Control District to inject fresh water in the Alamitos Gap to

prevent saltwater intrusion.

The Talbert Gap was a greater challenge as it needed nearly six times the amount of

water. After much research and planning, the District built Water Factory 21 (WF-21), a
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water treatment plant that treated secondary-treated water from the Orange County
Sanitation District (OCSD) to produce purified water for injection into the Talbert Gap.
For over 20 years, a blend of WF-21 water and imported water was used to successfully
manage seawater intrusion at the Talbert Gap.

WF-21, with a capacity that varied through time from four to fifteen million gallons per

day (mgd), operated until 2004 when it was shut down to allow for construction of the

Groundwater Replenishment (GWR) System. In operation since 2008, the GWR System
is capable of producing up to 72 mgd of water for use in Talbert Barrier operations and

for groundwater recharge.

OCWD's recharge operations have played a central role in expanding water supplies.
Efforts to increase the capture of Santa Ana River baseflows and stormflows and to

recharge imported water date back to 1949. Currently, OCWD operates approximately
1,067 acres of riverbed and off-stream infiltration basins in the cities of Anaheim and

Orange. Figure 1-3 is a view of the Santa Ana River looking upstream. Freeway 22

crosses the river in the foreground, Freeway 5 in the middle of the photograph, and

Freeway 57 in the background.

FIGURE 1-3

SANTA ANA RIVER LOOKING UPSTREAM IN ANAHEIM AND ORANGE

OCWD has achieved world-renowned status for its innovative approach to groundwater
recharge, water quality protection, and groundwater resource management. The District

has employed groundwater management techniques to increase the annual yield from

the basin as shown in Figure 1-4. Annual production increased from approximately
150,000 afy in the mid-1950s to approximately 350,000 afy in water year 2007-08.
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OCWD has managed the basin in order to provide a reliable supply of relatively low-cost

water and to accommodate rapid population growth while at the same time avoiding the

costly and time-consuming adjudication of water rights experienced in nearly every
other major groundwater basin in Southern California.

FIGURE 1-4

GROUNDWATER PRODUCTION 1961-ZOOH
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1.2 Groundwater Producers

The local agencies that produce the majority of the groundwater from the basin are

shown in Figure 1-5. As part of its plan to involve other affected agencies and work

cooperatively where service areas or boundaries overlie the basin, the District meets

monthly with nineteen local, major water producers to discuss and evaluate important
basin management issues. This group is referred to as the groundwater producers
Producers). Generally each year a chairman is elected to represent the group. This

monthly meeting provides a forum for the Producers to provide their input to the District

on important issues such as:

Setting the Basin Production Percentage (BPP) each year;

Reviewing the merits of proposed capital improvement projects;

Purchasing imported replenishment water to recharge the groundwater
basin;

Reviewing water quality data and regulations;
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Maintaining and monitoring basin water quality; and

Budgeting and considering other important policy decisions.

The District as the groundwater basin manager and the Producers as the local retailers

cooperate to serve the 2.5 million residents within the OCWD service territory. The

Producers and OCWD served as the Advisory Committee for the preparation of this

Groundwater Management Plan.

FIGURE 1-5

RETAIL WATER AGENCIES WITHIN OCWD
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1.3 Public Education Programs
Proactive community outreach and public education are central to the operation of the

OCWD. Each year, staff members give more than 120 presentations to community
leaders and citizens, conduct more than 70 tours of OCWD facilities, and take an active

part in community events. In addition to presentations and tours, OCWD administers

multiple education programs as described below.

Since its inception in 1996, the Children's Water Education Festival has been the

largest of its kind in the nation, hosting more than 6,000 children each year. This two-

day outdoor event teaches children about water resources, recycling, pollution
prevention, wetland preservation, and other environmental topics through interactive

and hands-on activities.

In 2007, the O.C. Water Hero program was initiated to make water conservation fun

while helping children and parents develop effective water-use efficiency habits that will

last a lifetime. The program challenges both children and their parents to commit to

saving 20 gallons of water a day.

O.C. Water 101 is a free water education class that is offered to the public. This one-

day session focuses on the global water crisis, how water affects health, California's

unique water situation, future challenges for water supplies in Orange County, and how

water agencies are helping to conserve available water resources. Discussions include

high-tech solutions to help alleviate water shortages today and in the future, as well as

providing individuals with the resources and information necessary to save water.

The Hotel/Motel Water Conservation Program began in 1999 to assist hotels and motels

in Orange County. At no cost, hotels and motels can order laminated towel rack

hangers, bed cards, or combination cards that ask guests to consider reusing their

towels and bed linens during their stay. The cards, which gently encourage guests to be

environmentally aware, help hotels and motels save money and water.

In 2008, the District, in conjunction with the Municipal Water District of Orange County
MWDOC) and the Orange County Business Council, hosted the O.C. Water Summit,
which brought over 400 key policy makers, community leaders and business

professionals together to discuss the state's water challenges and possible regional
solutions.

The District was recognized as a Groundwater Guardian member in 1996, thereafter

forming the OCWD Groundwater Guardian Team. This program is designed to

empower local citizens and communities to take voluntary steps toward protecting
groundwater resources. The OCWD Groundwater Guardian Team attends and supports
community events that are related to this cause.

Through its programs and outreach efforts OCWD informs and educates the public
about Orange County's water supply, as well as overall water issues. OCWD strives to

draw the communities' attention to the state's water needs and teaches them effective

ways to minimize water consumption. The community is encouraged to make life-long
commitments to conserving water and respecting it as a precious resource.
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1.4 Preparation of the Orange County Water District Groundwater

Management Plan

OCWD prepared the first Groundwater Management Plan in 1989 and updated the plan
in 1990, 1994, and 2004.

The 2009 update of the Plan includes new information about projects completed by the

District in the past five years and the updated approach to calculating basin storage
changes. The Plan identifies OCWD's goals and basin management objectives in

protecting and managing the Orange County groundwater basin. The Plan also

describes factors for the District's Board to consider in making decisions regarding how

much pumping the basin can sustain.

Specific projects that may be developed as a result of recommendations in the Plan

would be separately reviewed and approved by the District's Board of Directors and

processed for environmental review prior to project implementation. The Plan does not

commit the District to a particular program or level of basin production, but describes the

factors to consider and key issues as the Board makes basin management decisions on

a regular basis each year. Potential projects that are conceptually described in the Plan

are described in greater detail in the District's Long-Term Facilities Plan (OCWD, 2009).

1.5 OCWD Accomplishments, 2004-2008

In the OCWD 2004 Groundwater Management Plan, the District established quantifiable
objectives, identified as Key Performance Indicators. Those Key Performance Indicators

are listed in Table 1-1 along with a summary of actions taken and projects completed to

accomplish them.

TABLE 1-1

KEY PERFORMANCE INDICATORS

2004 Groundwater Management 2008 Status
Plan Key Performance Indicators

GWR System began operation in 2008.

Cease landward migration of Reliable, local water supplies available for barrier

250 mg/L chloride contour by 2006 injection increased from 5 mgd to 30 mgd.

Reversal of landward migration at Talbert Barrier

observed in 2008.

Increase Prado water conservation
Memorandum of Agreement with the Army Corps of

pool elevation by four feet by 2005 Engineers was executed in 2006 allowing a 5,000 of

increase in the maximum winter pool elevation.

Increase in recharge capacity of greater than

Increase recharge capacity by 10,000 afy occurred with (1) the La Jolla Recharge
10,000 afy Basin coming on line in 2008 and (2) operation of

Basin Cleaning Vehicles.
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2004 Groundwater Management
Plan Key Performance Indicator:

All water recharged into the basin

through District facilities meets or is

better than Department of Public

Health MCLs and Notification Levels

2008 Status

No exceedances of MCLs or Notification Levels in

recharge water as documented in Santa Ana River

Water Quality Monitoring Reports (OCWD 2005,
2006, 2007, 2008) and GWR System permit reports

Basin's accumulated overdraft was reduced by
Reduce basin overdraft by 20,000 afy 202,000 of between June 2004 and June 2007.

OCWD Engineer's Report, 2008)

Major accomplishments since adoption of the 2004 Plan include:

Phase 1 of the GWR System began operating in 2008 with a capacity
of purifying 72 afy of water for the Talbert Barrier and groundwater
recharge.

The Irvine Desalter Project, a cooperative project between OCWD and

Irvine Ranch Water District ( IRWD), began operating in 2007 to

remediate groundwater contamination and provide 8,000 afy of

additional water supplies.

The Report on Evaluation of Orange County Groundwater Basin

Storage and Operational Strategy, published in February 2007,
established a new methodology for calculating accumulated overdraft

and establishing new full-basin benchmarks (see Appendix D).

Development of a groundwater model.

Beginning the construction of the North Basin Groundwater Protection

Project.

Securing the rights to divert and use up to 362,000 afy of Santa Ana

River water through a decision of the State Water Resources Control

Board in December 2008.

A comprehensive list of projects completed between 2004 and 2009 and the location in

the Plan of the project description is shown in Table 1-2.
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Project

Groundwater

Replenishment
System

Prado Basin Water

Conservation

Project

Talbert Barrier

Expansion

Irvine Desalter

Project

La Jolla Recharge
Basin

Olive Basin Intake

Structure

Improvements

Basin Cleaning
Vehicles

Santiago Creek

Recharge
Enhancement

Conjunctive Use

8 Well Project"

Table 1-2

Summary of Completed Projects 2004-2009

Description
Location Construction Operation
in GWMP Completed Began

Purifies up to 72,000 afy of

secondary-treated water

from OCSD to create a new Section
2007 2008

water supply for seawater 4.2.3.1

intrusion barrier and

groundwater recharge M

Increases winter-time
Section

storage level at Prado Dam
4 1 1

N/A 2006

by 5,000 of

Expanded Talbert Seawater

Intrusion Barrier by Section
constructing 8 new injection 6 3 3

2007 2008

wells (4 with 1 casing each

and 4 with 3 casings each)

Constructed extraction and

treatment system to pump Section
2007 2007

and treat up to 8,000 afy 5.8.4

contaminated groundwater

New 6-acre recharge basin
Section

increases recharge capacity 4 4 1
2008 2008

up to 9,000 afy

Construction of new intake

structure and transfer pipe Section
2006 2007

decreases sediment fouling 4.4.1

of recharge basin

Construction of four basin

cleaning vehicles removes
Section 4 1 2004 2004

sediment from recharge
basins

Grading of Santiago Creek
Section

bed improves recharge rate
4 4 1

2008 2008

by an estimated 3,600 afy

Construction of 8 new M
extraction wells as part of

Conjunctive Use Project with
Section

MWD to allow storage and
6 3 3

2007 N/A

withdrawal of imported water

in the groundwater basin for

use in drought years



SECTION ~ INTRODUCTION

Project Description
Location Construction Operation
in GWMP Completed Began

Mini-Anaheim

Recharge Basin
Modifications to increase Section

2005 2005

Modifications recharge basin performance 4.4.1

Kraemer-Miller New pipelines to provide Section
Pipeline enhanced supply of recharge 4 4 1

2007 2007

Improvements water to recharge basins

Three new monitoring wells

Santiago Creek constructed to assess Section
2009 2009

Monitoring Wells hydrogeologic conditions 4.2.2

along Santiago Creek

Construction of three new

Monitoring Wells monitoring wells for GWR Section
2004 2005

for GWR System System compliance 3.7.3

monitoring

Monitoring Wells Construction of new

for North Basin monitoring wells to assess Section
2008 2008

Groundwater occurrence of groundwater 5.8.1

Protection Project contamination

Extraction Wells
Four new extraction wells

for North Basin
constructed to remove

Section
2009

Estimated

Groundwater
contaminated groundwater

5.8.1 in 2010

Protection Project

Construction of ten

Lincoln & Burris monitoring wells to
Section

Exploratory Wells
characterize the ability of

4.4.1
2006 2007

sediments adjacent to the

basin to percolate water

Prado Wetlands Flood damage repairs Section
2008 2008

Reconstruction restore wetlands function 5.3.3

Construction of a dam to

Warner Basin replace need for building Section
2007 2007

Dam temporary earthen berms for 4.4.1

each basin cleaning.
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1.6 Public Outreach

The California Water Code describes the process for development and adoption of a

groundwater management plan that includes a public participation component. To adopt
this plan, publicly-noticed meetings held as part of the District's regularly-scheduled
board meetings and information were posted on the OCWD website. Appendix A

contains copies of the public notices.

In addition to the publicly-noticed public participation opportunities and postings on the

web site, the District held workshops with the Producers. The Producers include cities,
special districts, and investor-owned utilities that produce more than 90 percent of the

water pumped from the basin. The content of the Plan was developed with input and

review from the Producers through holding workshops and providing the Producers with

draft versions of the Plan prior to its finalization. This group and OCWD served as the

advisory committee of stakeholders guiding the development and implementation of the

plan and providing a forum for resolving controversial issues.

As part of its overall outreach program, the District informs and engages the public in

groundwater discussions through an active speaker's bureau, media releases, and the

water education class "Orange County Water 101".

1.7 Compliance with California Water Code

Criteria regarding adoption of a groundwater management plan are included in Section

10750 et seq. of the California Water Code, also referred to as A.B. 3030. A complete
list of required and recommended components of groundwater management plans and

the location of those components in the Plan can be found in Appendix B. This plan is

developed to meet the requirements of the California Water Code.

7.8 Groundwater Management Goals and Basin Management
Objectives

OCWD's goals in managing the Orange County groundwater basin are as follows:

To protect and enhance the groundwater quality of the Orange County
groundwater basin,

To protect and increase the sustainable yield of the basin in a cost-

effective manner, and

To increase the efficiency of OCWD's operations.

Basin management objectives that accomplish all three of the above mentioned goals
include:

Updating the Groundwater Management Plan periodically,
Updating the Long-Term Facilities Plan periodically, and

Continuing annual publication of the Santa Ana River Water Quality Report; the

Engineer's Report on the Groundwater Conditions, Water Supply and Basin
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Utilization; the Santa Ana River Watermaster Report; and the Groundwater

Replenishment System Operations Annual Report.

More specific basin management objectives set to accomplish one of the above

mentioned goals are summarized below and described in detail in this report.

1.8.1 PROTECT AND ENHANCE GROUNDWATER QUALITY

Basin management objectives established by OCWD to protect and enhance

groundwater quality include:

Conducting groundwater quality monitoring programs throughout the

basin.

Monitoring and managing recharge water supplies so that water

recharged through District facilities meets or is better than primary
drinking water levels and notification levels.

Monitoring the quality of Santa Ana River water on a routine basis at

Imperial Highway and in the upper watershed.

Implementing the District's Groundwater Quality Protection Policy.

Constructing and managing water quality treatment projects.

Operating seawater intrusion barriers to prevent landward migration of

seawater into the groundwater basin.

Supporting natural resource programs in the Santa Ana River

Watershed to improve water quality.

Participating in cooperative efforts with regulators and stakeholders

within the Santa Ana River Watershed.

1.8.2 PROTECT AND INCREASE THE BASIN'S SUSTAINABLE YIELD IN A COST

EFFECTIVE MANNER

Basin management objectives established by OCWD to protect and increase the basin's

sustainable yield include:

Monitoring groundwater levels, recharge rates, and production rates.

Operating the groundwater basin in accordance with the Groundwater

Basin Storage and Operational Strategy.

Managing recharge operations to maximize recharge of the

groundwater basin.

Researching and implementing new strategies and programs to

increase recharge capacity.

Promoting incidental recharge to the extent feasible without negatively
impacting groundwater quality.
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Planning for and conducting programs that maximize the capacity of

the basin to respond to and recover from droughts.

Supporting natural resource programs in the Santa Ana River

watershed.

1.8.3 Increase Operational Efficiency
Basin management objectives established by OCWD to increase operational efficiency
include:

Managing the District's finances to provide long-term fiscal stability and

to maintain financial resources to implement District programs.

Operating District programs in acost-effective and efficient manner.

Managing natural resource programs in the Santa Ana River

watershed in an efficient manner.

Implementing efficient environmental management programs to reduce

greenhouse gas emissions, such as use of solar power where feasible.

District programs that are conducted to meet the state goals and basin management
objectives and to contribute to a more reliable supply for long-term beneficial uses of

groundwater are described in the following sections, a summary of which can be found

in Appendix C.
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2 BASIN HYDROGEOLOGY

The groundwater basin covers approximately 350 square miles in north-central

Orange County and is composed of layers of sediment with variable thickness

and hydraulic properties. Because of the basin's size and complexity,
understanding basin hydrogeology is critical to successful water management.
This section:

Describes the hydrogeologic characteristics of the basin, including
aquifer systems, basin boundaries, and physiographic features.

Describes the major components of inflows and outflows that

compromise the basin water budget.
Presents groundwater storage and elevation trends and issues

related to land subsidence.

Explains the updated methodology for calculating accumulated

overdraft and groundwater storage change implemented in 2007.

Traces the history, development, and operation of the District's Basin

Model.

2.1 DESCRIPTION OF BASIN HYDROGEOLOGY

The Orange County Groundwater Basin is located in the area designated by the

California Department of Water Resources (DWR) as Basin 8-1, the "Coastal Plain of

Orange County Groundwater Basin" in Bulletin 118 (DWR, 2003).

Figure 2-1 displays the OCWD boundaries in relation to the boundaries of Basin 8-1.

The groundwater basin underlies the north half of Orange County beneath broad

lowlands known as the Tustin and Downey plains. The basin covers an area of

approximately 350 square miles, bordered by the Coyote and Chino Hills to the north,
the Santa Ana Mountains to the northeast, and the Pacific Ocean to the southwest. The

basin boundary extends to the Orange County-Los Angeles line to the northwest, where

groundwater flow is unrestricted across the county line into the Central Basin of Los

Angeles County ( see Figure 2-2). The Newport-Inglewood fault zone forms the

southwestern boundary of all but the shallow aquifer in the basin.

Basin aquifers are over 2,000 feet deep and form a complex series of interconnected

sand and gravel deposits (DWR, 1967). In coastal and central portions of the basin,
these deposits are extensively separated by lower-permeability clay and silt deposits,
known as aquitards. In the inland area, generally northeast of Interstate 5, the clay and

silt deposits become thinner and more discontinuous, allowing larger quantities of

groundwater to flow more easily between shallow and deeper aquifers. Figure 2-3

presents a geologic cross section through the basin along the Santa Ana River.

Shallower aquifers exist above the principal aquifer system, the most prolific being
known as the Talbert aquifer. Production from this shallow aquifer system is typically
about five percent of total basin production. The majority of water from the shallow
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aquifer is pumped by small systems for industrial and agricultural use although the cities

of Garden Grove, Anaheim, and Tustin have a few large system wells that pump from

the shallow aquifer for municipal use.

Deeper aquifers exist below the principal aquifer system. Few wells penetrate into this

region because of the high cost of drilling deep wells and because the aquifers contain

colored water in some areas. The treatment and use of colored water is discussed in

detail in Section 5.4.

FIGURE 2-1

DWR Bulletin 118 Groundwater Basins
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2.1.1 FOREBAY AND PRESSURE AREAS

The Department of Water Resources, formerly the Division of Water Resources (DWR,
1934), divided the basin into two primary hydrologic divisions, the Forebay and

Pressure areas, as shown in Figure 2-2. The Forebay/Pressure area boundary
generally delineates the areas where surface water or shallow groundwater can or

cannot move downward to the first producible aquifer in quantities significant from a

water-supply perspective. From awater-quality perspective, the amount of vertical flow

to deeper aquifers from surface water or shallow groundwater may be significant in

terms of impacts of past agricultural or industrial land uses (e.g., fertilizer application
and leaky underground storage tanks).

FIGURE Z-2

ORANGE COUNTY GROUNDWATER BASIN
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The Forebay refers to the area of intake or recharge where most of the groundwater
recharge occurs. Highly-permeable sands and gravels with few and discontinuous clay
and silt deposits allow direct percolation of Santa Ana River and other surface water.

The Forebay area encompasses most of the cities of Anaheim, Fullerton, and Villa Park

and portions of the cities of Orange and Yorba Linda.

The Pressure Area, in a general sense, is defined as the area of the basin where large
quantities of surface water and near-surface groundwater is impeded from percolating
into the major producible aquifers by clay and silt layers at shallow depths (upper 50

feet). The principal and deeper aquifers in this area are under "confined" conditions

under hydrostatic pressure); the water levels of wells penetrating these aquifers exhibit

large seasonal variations. Most of the central and coastal portions of the basin fall

within the Pressure Area.

2.1.2 GROUNDWATER SUBBASINS, MESAS AND GAPS

The Irvine subbasin, bounded by the Santa Ana Mountains and the San Joaquin Hills,
forms the southern-most portion of the basin. The Costa Mesa Freeway (State Route

55) and Newport Boulevard form the subbasin's approximate western boundary with the

main basin. Here the aquifers are thinner and contain more clay and silt deposits than

aquifers in the main portion of the basin. The Irvine Ranch Water District (IRWD) is the

primary groundwater producer.

The aquifer base in the Irvine subbasin ranges from approximately 1,000 feet deep
beneath the former Marine Corps Air Station (MCAS) Tustin to less than 200 feet deep
at the eastern boundary of the former MCAS EI Toro. East of former MCAS EI Toro, the

aquifer further thins and transitions into lower-permeability sandstones and other semi-

consolidated sediments, which have minor water storage and transmission capacity.
Groundwater historically flowed out of the Irvine subbasin westerly into the main basin

since the amount of natural recharge in the area, predominantly from the Santa Ana

Mountains, was typically greater than the amount of pumping (Singer, 1973; Banks,
1984). With the operation of the Irvine Desalter Project commencing in 2007,
groundwater production in the Irvine subbasin may exceed the natural replenishment
from the adjacent hills and mountains, in which case groundwater would be drawn into

the Irvine subbasin from the Main Basin.

The Yorba Linda subbasin is located north of the Anaheim Forebay recharge area,

within the cities of Yorba Linda and Placentia. Due to low transmissivity and high total

dissolved solids (TDS) concentrations (Mills, 1987) there is little groundwater pumped
from this subbasin. Groundwater from the Yorba Linda subbasin flows southward into

the Main basin since the limited groundwater production is less than the natural

replenishment from the adjacent Chino Hills.

The La Habra Basin is located north of the Main Basin within the cities of La Habra and

Brea. It comprises a shallow alluvial depression between the Coyote Hills and the

Puente Hills. Similar to the Yorba Linda subbasin, little groundwater production occurs

in the La Habra Basin due to low transmissivity and poor water quality (high TDS).
Hydrogeologic studies have indicated that 2,200 to 5,500 afy of groundwater flows out

of the La Habra Basin in two areas: (1) southerly into the Main Basin along the Brea
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Creek drainage between the East and West Coyote Hills and (2) westerly into the

Central basin in Los Angeles County (James M. Montgomery, 1977; Ramsey, 1980;
OCWD, 1994).

Four relatively flat elevated areas, known as mesas, occur along the coastal boundary
of the basin. The mesas were formed by ground surface uplift along the Newport
Inglewood Fault Zone. Ancient meandering of the Santa Ana River carved notches

through the uplifted area and left behind sand- and gravel-filled deposits beneath the

lowland areas between the mesas, known as gaps (Poland et al., 1956). Groundwater

in the shallow aquifers within the gaps is susceptible to seawater intrusion. The Talbert

and Alamitos seawater intrusion barriers were constructed to address this problem.
Locations of mesas and details of seawater barrier operations are discussed in

Section 3.6.

2.2 DETERMINATION OF TOTAL BASIN VOLUME

A vast amount of fresh water is stored within the basin, although only a fraction of this

water can be removed practically using pumping wells and without causing physical
damage such as seawater intrusion or the potential for land subsidence (Alley, 2006).
Nonetheless, it is important to note the total volume of groundwater that is within the

active flow system, i.e., within the influence of pumping and recharge operations.

OCWD used its geographic information system and the aquifer system boundaries

described in detail in Section 2.8 to calculate the total volume of each of the three major
aquifer systems as well as the intervening aquitards. The total volume was calculated

by multiplying the area and thickness of each hydrogeologic unit. Because groundwater
fills the pore spaces that represent typically between 20 and 30 percent of the total

volume, the total volume was multiplied by this porosity percentage to arrive at a total

groundwater volume. Assuming the basin is completely full, based on District estimates,
the total amount of fresh groundwater stored in the basin is approximately 66 million

acre-feet (maf), as shown in Table 2-1.

TABLE 2-1

ESTIMATED BASIN GROUNDWATER STORAGE BY HYDROGEOLOGIC UNIT

Volumes in Acre-feet)

Hydrogeologic Unit Pressure Area Forebay Total

Shallow Aquifer System 3,800,000 1,200,000 5,000,000

Aquitard 900,000 200,000 1,100,000

Principal Aquifer System 24,300,000 8,600,000 32,900,000

Aquitard 1,600,000 300,000 1,900,000

Deep Aquifer System 18,800,000 6,300,000 25,100,000

Total 49,400,000 16,600,000 66,000,000
Notes: 1. Volumes calculated using the 3-layer basin model surfaces with Arclnfo Workstation GRID.

2. A porosity of 0.25 was assumed for aquifer systems.
3. A porosity of 0.30 was assumed for aquitards.
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For comparison, DWR (1967) estimated that about 38 maf of fresh water is stored in the

groundwater basin when full. DWR used a factor known as the specific yield to calculate

this volume. The specific yield (typically between 10 and 20 percent) is the amount of

water that can be drained by gravity from a certain volume of aquifer and reflects the

soil's ability to retain and hold a significant volume of water due to capillary effects.

Thus, DWR's drainable groundwater volume, although technically correct, is roughly
half of OCWD's estimate of total groundwater volume in the basin.

2.3 WATER BUDGET

OCWD staff developed a hydrologic budget (inflows and outflows) for the purpose of

constructing the Basin Model and for evaluating basin production capacity and recharge
requirements. The key components of the budget include measured and unmeasured

estimated) recharge, groundwater production, and subsurface flows along the coast

and across the Orange/Los Angeles County line. Because the basin is not operated on

an annual safe-yield basis, the net change in storage in any given year may be positive
or negative; however, over the period of several years, the basin must be maintained in

an approximate balance.

Table 2-2 presents the components of a balanced basin water budget (no annual

change in storage) and does not represent data for any given year. The annual budget
presented is based on the following assumptions: (1) average precipitation,
2) accumulated overdraft of 400,000 af, (3) recharge of 235,000 of at the Forebay
recharge facilities, and (4) adjusted groundwater production so that total basin inflows

and outflows are equal. The 235,000 of of Forebay recharge consists of 148,000 of of

Santa Ana River baseflow, 50,000 of of Santa Ana River stormflow, and 37,000 of of

GWR System water. The major components of the water budget are described in the

following sections.

2.3.1 MEASURED RECHARGE

Measured recharge consists of all water artificially recharged at OCWD's Forebay
percolation facilities and water injected at the Talbert Barrier and on the Orange County
side of the Alamitos Barrier. Santa Ana River stormflows and baseflows serve as the

primary source of recharge in the Forebay.

OCWD's Talbert Barrier is a series of injection wells that span the 2.5-mile wide Talbert

Gap, between the Newport and Huntington Beach mesas. A blend of imported and

purified water is injected into multiple aquifers that are used for municipal supply. Over

95 percent of the injected water flows inland and becomes part of the basin's

replenishment supply.

The Alamitos Barrier is a series of wells injecting a blend of imported and purified water

into multiple aquifer zones that span the Alamitos Gap at the Los Angeles/Orange
County line. Essentially all of the injected water flows inland, replenishing groundwater
basins in the two counties. From inspection of groundwater contour maps, it appears
that roughly one-third of the Alamitos Barrier injection water remains within or flows into

Orange County.
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TABLE 2-2

REPRESENTATIVE ANNUAL BASIN WATER BUDGET

FLOW COMPONENT Acre-feet

INFLOW

Measured Recharge
1. Forebay recharge facilities 235,000
2. Talbert Barrier injection 35,000
3. Alamitos Barrier injection, Orange County portion only 2,500

Subtotal: 272,500

Estimated Unmeasured Recharge (average precipitation)
1. Inflow from La Habra basin 3,000
2. Recharge from foothills into Irvine subbasin 14,000
3. Areal recharge from rainfall/irrigation into Main basin 17,500
4. Recharge from foothills into Yorba Linda subbasin 6,000
5. Subsurface inflow at Imperial Highway beneath Santa Ana River 4,000
6. Santa Ana River recharge, Imperial Highway to Rubber Dam 4,000
7. Subsurface inflow from Santiago Canyon 10,000
8. Recharge along Peralta Hills 4,000
9. Recharge along Tustin Hills 6,000
10.Seawater inflow through coastal gaps 500

Subtotal: 69,000

TOTAL INFLOW: 341,500

OUTFLOW

1. Groundwater Production 333,500
2. Subsurface Outflow 8,000

TOTAL OUTFLOW: 341,500

CHANGE IN STORAGE: 0

2.3.2 UNMEASURED RECHARGE

Unmeasured recharge also referred to as "incidental recharge" accounts for a significant
amount of the basin's producible yield. This includes recharge from precipitation at the

basin margin along the Chino, Coyote, and San Joaquin Hills and the Santa Ana

Mountains; Santa Ana River recharge between Imperial Highway and the OCWD rubber

diversion dam; irrigation return flows; urban runoff; and underflow beneath the Santa

Ana River and Santiago Creek. This latter refers to groundwater that enters the basin at

the mouth of Santa Ana Canyon, the Santiago Creek drainage below Villa Park Dam,
and seawater inflow through the gaps.

Unmeasured recharge is estimated at an average of 60,000 afy. This number is derived

from estimating annual changes in groundwater storage by comparing groundwater
elevation changes, after subtracting losses to Los Angeles County. Net incidental

recharge is used to refer to the amount of incidental recharge after accounting for

groundwater losses, such as outflow to Los Angeles County. This average unmeasured

recharge was substantiated during calibration of the Basin Model and is also consistent
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with the estimate of 58,000 afy reported by Hardt and Cordes (1971) as part of a U.S.

Geological Survey (USGS) modeling study of the basin. Because unmeasured recharge
is one of the least understood components of the basin's water budget, the error margin
of staff's estimate for any given year is probably in the range of 10,000 to 20,000 af.

Since the unmeasured recharge is well distributed throughout the basin, the physical
significance (e.g., water level drawdown or mounding in any given area) of over- or

underestimating the total recharge volume within this error margin is considered to be

minor.

2.3.3 GROUNDWATER PRODUCTION

Groundwater production from the basin, as shown in Figure 2-4, occurs from

approximately 450 active wells within the District, approximately 200 of which produce
less than 25 afy.

FIGURE 2-4
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Groundwater production from approximately 200 large-capacity or large-system wells

operated by the 21 largest water retail agencies accounted for an estimated 97 percent
of the total production in 2006-07. Large-capacity wells are all metered, as required by
the District Act, and monthly individual well production has been documented since

1988. Prior to 1988, per-well production data were recorded semi-annually.

Groundwater production is distributed uniformly throughout the majority of the basin with

the exceptions of the Yorba Linda subbasin, the immediate coastal areas, and the

foothill margins of the basin, where little to no production occurs. Increases in coastal

production would lead to increased stress on the Talbert and Alamitos barriers,
requiring additional barrier capacity. Inasmuch as it is technically and economically
feasible, future increases in coastal groundwater demand should be addressed by wells

constructed inland in areas of lower well density and higher aquifer transmissivity.

The distribution of existing wells and the siting of future wells depend on many different

factors, including logistics, property boundaries, hydrogeology, and regulatory
guidelines. Logistical considerations include property availability, city and other political
boundaries, and proximity to other water facilities. Proximity to existing water

transmission pipelines can be extremely important, given the cost of new reaches of

pipeline. Hydrogeologic considerations for siting a well may include: thickness of

permeable aquifer units, groundwater quality, drawdown interference from nearby wells,
seasonal water level fluctuations, and potential impacts to the basin such as seawater

intrusion.

2.3.4 SUBSURFACE OUTFLOW

Groundwater outflow from the basin across the Los Angeles/Orange County line has

been estimated to range from approximately 1,000 to 14,000 afy based on groundwater
elevation gradients and aquifer transmissivity (DWR, 1967; McGillicuddy, 1989). The

Water Replenishment District has also indicated underflow from Orange County to Los

Angeles County within the aforementioned range. Underflow varies annually and

seasonally depending upon hydrologic conditions on either side of the county line.

Modeling by OCWD indicated that, assuming groundwater elevations in the Central

Basin remain constant; underflow to Los Angeles County increases approximately
7,500 afy for every 100,000 of of increased groundwater in storage in Orange County
see Figure 2-5).

With the exception of unknown amounts of semi-perched (near-surface) groundwater
being intercepted and drained by submerged sewer trunk lines and unlined flood control

channels along coastal portions of the basin, no other significant basin outflows are

known to occur.
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FIGURE 2-5

RELATIONSHIP BETWEEN BASIN STORAGE AND ESTIMATED OUTFLOW
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2.4 GROUNDWATER ELEVATION AND STORAGE CALCULATION

OCWD estimates annual changes in the amount of groundwater stored in the basin

using groundwater elevation measurements and aquifer storage coefficients for the

three primary aquifer systems in the basin. This three-layer method involves measuring
the water levels at the end of each water year at nearly every production and monitoring
well in the basin. Water level measurements are contoured, as shown in Figure 2-6,
and then digitized into the Geographic Information System (GIS). The GIS is then used

to subtract the previous year's water level maps from the current water year, resulting in

a water level change contour map for each of the three aquifer layers. Figure 2-7

shows the water level change for the principal aquifer (layer 2). For each of the three

aquifer layers, the GIS is then used to multiply these water level changes by a grid of

aquifer storage coefficients from OCWD's calibrated basin groundwater model. This

results in a storage change volume for each of the three aquifer layers, which are

totaled to provide a net annual storage change for the basin.

A more detailed description of the three-layer methodology is presented in OCWD's

Report on Evaluation of Orange County Groundwater Basin Storage and Operational
Strategy (February 2007).
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FIGURE 2-6
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FIGURE 2-7
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2.5 ACCUMULATED OVERDRAFT CALCULATION

OCWD estimates that the basin can be operated on a short-term basis with a maximum

accumulated overdraft ( storage reduction from full condition) of approximately
500,000 of without causing irreversible seawater intrusion and land subsidence.

The estimated maximum historical accumulated basin overdraft of 500,000 to

700,000 of occurred in 1956-57 (DWR, 1967; OCWD, 2003). Until 2007, water level

elevations in November 1969 were used as the baseline to represent near-full

conditions. The net decrease in storage from 1969 conditions represented the

accumulated overdraft. Since 2004, OCWD has participated in Metropolitan's
Conjunctive Use Program. This program allows for the storage of Metropolitan water in

the Orange County groundwater basin. Figure 2-8 illustrates the basin accumulated

overdraft since 1962. The accumulated overdraft including the Metropolitan Conjunctive
Use water is shown in red. The blue line indicates the basin accumulated overdraft

calculated without Metropolitan's stored water.

FIGURE 2-$
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2.5.1 DEVELOPMENT OF NEW METHODOLOGY

The traditional full-basin benchmark of 1969 was revised in 2007. Anew methodology
was developed to calculate accumulated overdraft and storage change. The need for

this new methodology was driven by the record-setting wet year of 2004-05, in which an

unprecedented storage increase of 170,000 of was estimated by OCWD staff.

During that year, water levels throughout the basin rose approximately 30 feet overall,
approaching anear-full condition. Analysis showed that groundwater in storage in

November 2005 was only 40,000 of less than the full basin 1969 benchmark. However,
the traditional method of cumulatively adding the annual storage change each year to

the previous year's accumulated overdraft produced an accumulated overdraft of

approximately 190,000 acre-feet for November 2005. The discrepancy of 150,000 of in

the two different calculations indicated that the current condition could not be properly
rectified back to the 1969 benchmark. This brought to light three important discoveries:

The traditional storage change calculation contained considerable uncertainty
that when cumulatively added over tens of years, led to a large discrepancy in

the accumulated overdraft relative to 1969.

Water level conditions in 1969 no longer represent a full basin, particularly
because of changes in pumping and recharge conditions.

A more accurate storage change calculation should be based on water level

changes and storage coefficients for each of the three major aquifer systems.

In February 2007, the District adopted an updated approach to defining the full basin

condition and calculating storage changes. This updated approach includes:

A new full-basin groundwater level based on the following prescribed
conditions:

o Observed historical high water levels

o Present-day pumping and recharge conditions

o Protective of seawater intrusion

o Minimal potential for mounding at or near recharge basins

Calculation of the amount of groundwater in storage in each of the three

major aquifer systems.

A more detailed description of this new methodology is presented in OCWD's Report on

Evaluation of Orange County Groundwater Basin Storage and Operational Strategy
February 2007), which is included as Appendix D.

2.6 ELEVATION TRENDS

Groundwater elevation profiles for the principal aquifer, generally following the Santa

Ana River from Costa Mesa to the Anaheim Forebay area, are shown in Figure 2-9. The

groundwater elevation profiles represent the newly-calculated full basin condition, 1969

conditions (formerly considered full), and 2007 conditions. A comparison of these

profiles shows that groundwater elevations in the Forebay recharge area are relatively
close while elevations in 2007 are significantly lower in the central and coastal portions
of the basin than the full or 1969 conditions.
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FIGURE 2-9

PRINCIPAL AQUIFER HISTORICAL GROUNDWATER ELEVATION PROFILES
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The lowering of coastal area groundwater levels relative to groundwater levels further

inland in the Forebay translates into a steeper hydraulic gradient, which drives greater
flow from the Forebay to the coastal areas. However, the lowering of coastal water

levels also increases seawater intrusion potential.

Figure 2-10 presents average groundwater elevations for the principal aquifer in the

Forebay, coastal areas, and the total basin on November 1 of each year, when

groundwater levels are somewhat intermediate between the late summer low and late

winter high. Average values were calculated using a 1,000-foot square grid and the

groundwater elevation contour map prepared each year. Groundwater elevations were

estimated at each grid point using the groundwater elevation contours, and the average
values were calculated for each of the three areas.

A comparison of the groundwater level trends in Figure 2-10 to the changes in

accumulated overdraft in Figure 2-8 provides insights into the basin's response during
filling and emptying cycles. From November 2003 to November 2005, the basin's

accumulated overdraft reduced 220,000 of due to the near-record high precipitation in

water year 2004-05. During this period of refill, average groundwater levels in the

coastal area increased approximately 20 feet, while groundwater levels in the Forebay
increased approximately 40 feet. Between November 2005 and November 2007, basin

accumulated overdraft increased approximately 100,000 of as groundwater withdrawals

exceeded recharge due to several factors, including near-record low precipitation.
Average groundwater levels during this period fell by 40 feet in the Forebay and coastal

areas.
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Figure 2-11 shows the locations of four wells, A-27, SA-21, SAR-1, and OCWD-CTG1,
with long-term groundwater level data. Figure 2-12 presents water level hydrographs
and locations of wells A-27 and SA-21, representing historical conditions in the Forebay
and Pressure area, respectively. The hydrograph data for well A-27 near Anaheim Lake

date back to 1932 and indicate that the historic low water level in this area occurred in

1951-52. The subsequent replenishment of Colorado River water essentially refilled the

basin by 1965. Water levels in this well reached an historic high in 1994 and have

generally remained high as recharge has been nearly continuous at Anaheim Lake

since the late 1950s.

The hydrograph for well SA-21 indicates that water levels in this area have decreased

since 1970. In addition, the magnitude of the seasonal water level fluctuations has

approximately doubled from pre-1990 to the present. The increased water level

fluctuations are due to a combination seasonal water demand-driven pumping and

participation in the Metropolitan Short-Term Seasonal Storage Program by local
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Producers ( Boyle Engineering and OCWD, 1997), which encouraged increased

pumping from the groundwater basin during summer months when Metropolitan was

experiencing high demand for imported water. Although this program did not increase

the amount of pumping from the basin on an annual basis, it did result in greater water

level declines during the summer.

FIGURE 2-'I 'I

LOCATION OF LONG-TERM GROUNDWATER ELEVATION HYDROGRAPH

f
a _~ - ,~

pI +

SAR-1 ~•_••~ ~

fl.l

sA-a1 ~ ~~ ~

dGW^-CTG1 ~~ ~ 
L ~

y}~ ~~,

r .

y

r

B

a

W~ ~E ~ i
l -

A.cti.~e Large-Systern Pra<luetion 4'u'eh
i-.

M®nitaring Wetll

4 1©.000 20, 000 ~$~.,
Muftiparf Monitoring Wel6

Feet ~.~ ~ fl~WC7 Boundary
wP 7 11 !r_•. Lb _..~.r}" - - "~. LP . tp[4- 11 , h[' .;•il"•4;]



SECTION Z BASIN HYDROGEOLOGY

FIGURE Z-12
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Figure 2-13 presents water level hydrographs and locations of two OCWD multi-depth
monitoring wells, SAR-1 and OCWD-CTG1, showing the relationship between water

level elevations in aquifer zones at different depths. The hydrograph of well SAR-1 in

the Forebay exhibits a similarity in water levels between shallow and deep aquifers,
which indicates the high degree of hydraulic interconnection between aquifers
characteristic of much of the Forebay.

FIGURE 2-13
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The hydrograph of well OCWD-CTG1 is typical of the Pressure Area in that a large
water level distinction is observed between shallow and deep aquifers, indicating the

effects of a clay/silt layer that restricts vertical groundwater flow. Water levels in the

deepest aquifer zone at well OCWD-CTG1 have higher elevations than overlying
aquifers, in part, because few wells directly produce water from these zones, primarily
due to their associated colored water.

2.7 LAND SUBSIDENCE

Subsidence of the ground surface has been associated with groundwater withdrawal in

many regions of the world. In the case of thick sedimentary groundwater basins

comprised of alternating " confined" or "pressure" aquifers ( permeable sands and

gravels) and aquitards (less permeable silts and clays), the extraction of groundwater
reduces the fluid pressure of the saturated pore spaces within the buried sediments.

The pressure reduction in the deeper sediments allows the weight of the overlying
sediments to compact the deeper sediments, particularly the clays and silts. If

groundwater withdrawals cause water level drawdowns to be sustained for several

years or more, the incremental amount of sediment compaction can eventually manifest

itself in a measurable lowering of the land surface (USGS, 1999).

OCWD commissioned a study by the DWR (1980) to evaluate the potential for land

subsidence in the basin. Because the study was limited in scope, its findings were

deemed preliminary pending further investigation. Nevertheless, the study cited survey
data from the Orange County Surveyor that indicated that the land surface in the city of

Santa Ana declined a maximum of 0.84 inch/year from 1956 to 1961. Surveys during
the period 1970 to 1976 indicated maximum land surface declines of 0.24 inch/year in

Santa Ana. Key findings of the study included the following:

Subsidence in the City of Santa Ana is apparently related to the removal of

groundwater. However, it is not possible to directly correlate observed

subsidence and historic water-level declines.

Subsidence in the vicinity of the City of Huntington Beach can be attributed to

the removal of oil.

Most of the compaction takes place in the fine-grained sediments.

Water squeezed out of the compacted fine-grained sediments, known as

water of compaction," results in a permanent loss of storage in fine-grained
sediments.

Land surface changes (rising and lowering) of similar magnitude to those noted by DWR

were reported by Bawden (Bawden et al, 2001) while reviewing satellite radar images
for a seismic assessment of Southern California. Bawden reported seasonal land

surface changes of up to 4.3 inches (total seasonal amplitude from high to low) in the

Los Angeles-Orange County area and a net decline of approximately 0.5 inch/year near

Santa Ana over the period 1993 to 1999, which coincides with a period of net

withdrawal of groundwater from the basin. Despite the indications of land subsidence to

some degree in portions of Orange County, there has been no indication that the

suggested land surface changes have caused, or are likely to cause, any structural

damage in the area. By maintaining groundwater levels and basin storage within its
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historical operating range, the potential for problematic land subsidence is reduced.

Conversely, land subsidence could become a problem if the basin was overdrafted

beyond the historical operating range.

Groundwater withdrawals are regulated within the basin operating range, which is

explained in detail in Section 6.5. In the event that land subsidence becomes a problem
in a localized area, OCWD will work with local officials to investigate and remediate the

problem.

2. S GROUNDWATER MODEL DESCRIPTION

In general, a groundwater flow model contains two major components: the mathematical

model and the conceptual model. The mathematical model is the computer program
used to solve the complex system of equations that govern the flow of groundwater. The

conceptual model is the hydrogeologic framework of the area being modeled, obtained

by gathering, analyzing, interpreting, and finally integrating all the geologic and

hydrologic data for a given area into a conceptual understanding of how the flow system
looks and behaves.

For aproperly-constructed model, the mathematical model needs to be appropriate for

the level of detail inherent in the conceptual model. For a mathematical model solved

by numerical methods, the modeled area must be divided into a mesh of grid cells -the

smaller the grid cells, generally the more accurate the computations -assuming the

hydrogeology can be reasonably-defined at the grid cell level of detail. Based on all the

input data, the model calculates a water level elevation and fluxes for each and every

grid cell of the modeled area at a given point in time.

OCWD's basin model encompasses the entire basin and extends approximately three

miles into the Central Basin in Los Angeles County to provide for more accurate model

results than if the model boundary stopped at the county line (see Figure 2-14). As

noted previously in this chapter, the county line is not a hydrogeologic boundary, i.e.,
groundwater freely flows through aquifers that have been correlated across the county
line.

Coverage of the modeled area is accomplished with grid cells having horizontal

dimensions of 500 feet by 500 feet (approximately 5.7 acres) and vertical dimensions

ranging from approximately 50 to 1,800 feet, depending on the thickness of each model

layer at that grid cell location. Basin aquifers and aquitards were grouped into three

composite model layers thought sufficient to describe the three distinguishable flow

systems referred to as the shallow, principal, and deep aquifer systems. The three

model layers comprise a network of over 90,000 grid cells.

The widely-accepted computer program, "MODFLOW," developed by the USGS, was

used as the base modeling code for the mathematical model (McDonald and Harbaugh,
1988). Analogous to an off-the-shelf spreadsheet program needing data to be

functional, MODFLOW requires vast amounts of input data to define the hydrogeologic
conditions in the conceptual model. The types of information that must be input in digital
format (data files) for each grid cell in each model layer include the following:

Aquifer top and bottom elevations
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Aquifer lateral boundary conditions (ocean, faults, mountains)

Aquifer hydraulic conductivity and storage coefficient/specificyleld
Initial groundwater surface elevation

Natural and artificial recharge rates ( runoff, precipitation, percolation,
injection)
Groundwater production rates for approximately 200 large system and 200

small system wells

FIGURE 2-14

BASIN MODEL EXTENT

Central

Basin

Qranole County ''~,~
Groundwater Basin

J

4=
5

tr

A 1

dCf,~
O {}

A

N `~

F

U 10.06L~ 20.OOU

i•ce[

Layer 1 [ Shallawj

Layer 2 [Principal}

I~ Layer 3 [C3eep}

f ~~ ~t]G'~lJC] E~oran~iary ~~



SECTION Z BASIN HYDROGEOLOGY

These data originate from hand-drawn contour maps, spreadsheets, and the Water

Resources Management System (WRMS) historical database. Because MODFLOW

requires the input data files in a specific format, staff developed a customized database

and GIS program to automate data compilation and formatting functions. These data

pre-processing tasks form one of the key activities in the model development process.

Before a groundwater model can be reliably used as a predictive tool for simulating
future conditions, the model must be calibrated to reach an acceptable match between

simulated and actual observed conditions. The basin model was first calibrated to

steady-state conditions to numerically stabilize the simulations, to make rough
adjustments to the water budget terms, and to generally match regional groundwater
flow patterns. Also, the steady-state calibration helped to determine the sensitivity of

simulated groundwater levels to changes in incidental recharge and aquifer parameters
such as hydraulic conductivity. Steady-state calibration of the basin model is

documented in more detail in the OCWD Master Plan Report (OCWD, 1999).

Typical transient model output consists of water level elevations at each grid cell that

can be plotted as a contour map for one point in time or as atime-series graph at a

single location. Post-processing of model results into usable graphics is performed
using a combination of semi-automated GIS and database program applications.
Figure 2-15 presents a simplified schematic of the modeling process.

FIGURE 2-15
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Model construction, calibration, and operation were built upon 12 years of effort by
OCWD staff to collect, compile, digitize, and interpret hundreds of borehole geologic
and geophysical logs, water level hydrographs, and water quality analyses. The process
was composed of ten main tasks comprising over 120 subtasks. The major tasks are

summarized below:

1. Finalize conceptual hydrogeologic model layers and program
GIS/database applications to create properly formatted MODFLOW input
data files. Over 40 geologic cross sections were used to form the basis of

the vertical and lateral aquifer boundaries.

2. Define model layer boundaries. The top and bottom elevations of the three

aquifer system layers and intervening aquitards were hand-contoured,
digitized, and overlain on the model grid to populate the model input
arrays with a top and bottom elevation for each layer at every grid cell

location. Model layer thickness values were then calculated by using the

GIS.

3. Develop model layer hydraulic conductivity (K) grids. Estimates of K for

each layer were based on (in order of importance): available aquifer test

data, well specific capacity data, and lithologic data. In the absence of

reliable aquifer test or specific capacity data for areas in Layers 1 and 3,
lithology-based K estimates were calculated by assigning literature values

of K to each lithology type (e.g., sand, gravel, clay) within a model layer
and then calculating an effective K value for the entire layer at that well

location. Layer 2 had the most available aquifer test and specific capacity
data. Therefore, a Layer 2 transmissivity contour map was prepared and

digitized, and the GIS was then used to calculate a K surface by dividing
the transmissivity grid by the aquifer thickness grid. Initial values of K

were adjusted during model calibration to achieve a better match of model

results with known groundwater elevations.

4. Develop layer production factors for active production wells simulated in

the model. Many production wells had long screened intervals that

spanned at least two of the three model layers. Therefore, groundwater
production for each of these wells had to be divided among each layer
screened by use of layer production factors. These factors were calculated

using both the relative length of screen within each model layer and the

hydraulic conductivity of each layer. Well production was then multiplied
by the layer factors for each individual well. For example, if a well had a

screened interval equally divided across Layers 1 and 2, but the hydraulic
conductivity of Layer 1 was twice that of Layer 2, then the calculated

Layer 1 and 2 production factors for that well would have been one-third

and two-thirds, respectively, such that when multiplied by the total

production for this well, the production assigned to Layer 1 would have

been twice that of Layer 2. For the current three-layer model,
approximately 25 percent of the production wells in the model were

screened across more than one model layer. In this context, further

vertical refinement of the model (more model layers) may better represent
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the aquifer architecture in certain areas but may also increase the

uncertainty and potential error involved in the amount of production
assigned to each model layer.

5. Develop basin model water budget input parameters, including
groundwater production, artificial recharge, and unmeasured recharge.
Groundwater production and artificial recharge volumes were applied to

grid cells in which production wells or recharge facilities were located. The

most uncertain component of the water budget -unmeasured or incidental

recharge -was applied to the model as an average monthly volume

based on estimates calculated annually for the OCWD Engineer's Report.
Unmeasured recharge was distributed to cells throughout the model, but

was mostly applied to cells along margins of the basin at the base of the

hills and mountains. The underflow component of the incidental recharge
represents the amount of groundwater flowing into and out of the model

along open boundaries. Prescribed groundwater elevations were assigned
to open boundaries along the northwest model boundary in Los Angeles
County; the ocean at the Alamitos, Bolsa, and Talbert Gaps; the mouth of

the Santa Ana Canyon; and the mouth of Santiago Creek Canyon.
Groundwater elevations for the boundaries other than the ocean

boundaries were based on historical groundwater elevation data from

nearby wells. The model automatically calculated the dynamic flow across

these open boundaries as part of the overall water budget.

6. Develop model layer storage coefficients. Storage coefficient values for

portions of model layers representing confined aquifer conditions were

prepared based on available aquifer test data and were adjusted within

reasonable limits based on calibration results.

7. Develop vertical leakance parameters between model layers. Vertical

groundwater flow between aquifer systems in the basin is generally not

directly measured, yet it is one of the critically-important factors in the

model's ability to represent actual basin hydraulic processes. Using
geologic cross-sections and depth-specific water level and water quality
data from the OCWD multi-depth monitoring well network, staff identified

areas where vertical groundwater flow between the modeled aquifer
systems is either likely to occur or be significantly impeded, depending on

the relative abundance and continuity of lower-permeability aquitards
between model layers. During model calibration, the initial parameter
estimates for vertical leakance were adjusted to achieve closer matches to

known vertical groundwater gradients.

8. Develop groundwater contour maps for each model layer to be used for

starting conditions and for visual comparison of water level patterns during
calibration. Staff used observed water level data from multi-depth and

other wells to prepare contour maps of each layer for November 1990 as a

starting point for the calibration period. Care was taken to use wells

screened within the appropriate vertical interval representing each model
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layer. The hand-drawn contour maps were then digitized and used as

model input to represent starting conditions.

9. Perform transient calibration runs. The nine-year period of November

1990 to November 1999 was selected for transient calibration, as it

represented the period corresponding to the most detailed set of

groundwater elevation, production, and recharge data. The transient

calibration process and results are described in Section 2.8.1.

10. Perform various basin production and recharge scenarios using the

calibrated model. Criteria for pumping and recharge, including facility
locations and quantities, were developed for each scenario and input for

each model run.

2.8.1 MODEL CALIBRATION

Calibration of the transient basin model involved a series of simulations of the period
1990 to 1999, using monthly flow and water level data. The time period selected for

calibration represents a period during which basic data required for monthly transient

calibration were essentially complete (compared to pre-1990 historical records). The

calibration period spans at least one "wet/dry" rainfall cycle. Monthly water level data

from almost 250 target locations were used to determine if the simulated water levels

adequately matched observed water levels. As shown in Figure 2-16, the calibration

target points were densely distributed throughout the basin and also covered all three

model layers.

After each model run, a hydrograph of observed versus simulated water levels was

created and reviewed for each calibration target point. In addition, a groundwater
elevation contour map for each layer was also generated from the simulated data. The

simulated groundwater contours for all three layers were compared to interpreted
contours of observed data ( November 1997) to assess closeness of fit and to

qualitatively evaluate whether the simulated gradients and overall flow patterns were

consistent with the conceptual hydrogeologic model. November 1997 was chosen for

the observed versus simulated contour map comparison since these hand-drawn

contour maps had already been created for the prior steady state calibration step.
Although November 1997 observed data were contoured for all three layers, the contour

maps for Layers 1 and 3 were somewhat more generalized than for Layer 2 due to a

lower density of data points (wells) in these two layers.

Depending on the results of each calibration run, model input parameters were

adjusted, including hydraulic conductivity, storage coefficient, boundary conditions, and

recharge distribution. Time-varying head boundaries along the Orange/Los Angeles
County line were found to be extremely useful in obtaining a close fit with observed

historical water levels in the northwestern portion of the model. Fifty calibration runs

were required to reach an acceptable level of calibration in which model-generated
water levels were within reasonable limits of observed water level elevations during the

calibration period. Figures 2-17 through 2-19 show examples of hydrographs of

observed versus simulated water levels for three wells used as calibration targets.
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FIGURE 2-'I6

BASIN MODEL CALIBRATION WELLS
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Figure 2-17

CALIBRATION HYDROGRAPH FOR MONITORING WELL AM-SA
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FIGURE 2-18

CALIBRATION HYDROGRAPH FOR MONITORING WELL SC-2
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FIGURE 2-'I9

CALIBRATION HYDROGRAPH FOR MONITORING WELL GGM-'I
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Noteworthy findings of the model calibration process are summarized below:

The model was most sensitive to adjustments to hydraulic conductivity and

recharge distribution. In other words, minor variations in these input
parameters caused significant changes in the model water level output.

The model was less sensitive to changes in storage coefficient, requiring
order-of-magnitude changes in this parameter to cause significant changes in

simulated water levels, primarily affecting the amplitude of seasonal water

level variations.

The vast amount of observed historical water level data made it readily
evident when the model was closely matching observed conditions.

Incidental (unmeasured) recharge averaging approximately 70,000 afy during
the 1990-1999 period appeared to be reasonable, as the model was fairly
sensitive to variations in this recharge amount.

Groundwater outflow to Los Angeles County was estimated to range between

5,000 and 12,000 afy between 1990 and 1999, most of this occurring in

Layers 1 and 3.

Groundwater flow at the Talbert Gap was inland during the entire model

calibration period, indicating moderate seawater intrusion conditions. Model-

derived seawater inflow ranged from 500 to 2,700 afy in the Talbert Gap and

is consistent with chloride concentration trends during the calibration period
that indicated inland movement of saline groundwater in these areas.

Model-derived groundwater inflow from the ocean at Bolsa Gap was only 100-

200 afy due to the Newport-Inglewood Fault zone, which offsets the Bolsa
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aquifer and significantly restricts the inland migration of saline water across

the fault.

Model adjustments ( mainly hydraulic conductivity and recharge) in the

Santiago Pits area in Orange significantly affected simulated water levels in

the coastal areas.

Model reductions to the hydraulic conductivity of Layer 2 (Principal aquifer
system) along the Peralta Hills Fault in Anaheim/Orange had the desired

effect of steepening the gradient and restricting groundwater flow across the

fault into the Orange area. These simulation results were consistent with

observed hydrogeologic data indicating that the Peralta Hills Fault acts as a

partial groundwater barrier.

Potential unmapped faults immediately downgradient from the Santiago Pits

appear to restrict groundwater flow in the Principal aquifer system, as

evidenced by observed steep gradients in that area, which were reproduced
by the model. As with the Peralta Hills Fault, an approximate order-of-

magnitude reduction in hydraulic conductivity along these suspected faults

achieved the desired effect of reproducing observed water levels with the

model.

2.8.2 MODEL ADVISORY PANEL

The model development and calibration process was regularly presented to and

reviewed by a Model Advisory Panel. This technical panel consisted of four groundwater
modeling experts who were familiar with the basin and highly qualified to provide insight
and guidance during the model construction and calibration process. Twelve panel
meetings were held between 1999 and 2002. The panel was tasked with providing
written independent assessments of the strengths, weaknesses, and overall validity and

usefulness of the model in evaluating various basin management alternatives. Two

memoranda were prepared: one at the completion of the steady-state model calibration

and steady-state scenarios (Harley et al., 1999) and one at the completion of the

transient model calibration and initial transient basin operational scenarios (Harley et al.,
2001). Key conclusions and findings of the panel regarding the transient model are

summarized below.

Transient modeling has substantially improved the overall understanding of

processes and conditions that determine how and why the basin reacts to

pumping and recharge. This improved understanding, coupled with the

model's ability to simulate existing and possible future facilities and alternative

operations, significantly improves the District's potential ability to enhance

and actively manage basin water resources.

Modeling has helped verify major elements of the basin conceptual model

and has been instrumental in clarifying:
o Variations in the annual water balance

o Hydrostratigraphy of the basin

o Horizontal flow between basin subareas
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o The potential degree of interconnection and magnitude of vertical flow

between major aquifers
o The potential hydraulic significance of the Peralta Hills Fault in the

Anaheim Forebay
o Variations in aquifer hydraulic properties
o The relative significance of engineered versus natural recharge and

groundwater outflow within the basin

o Numerous other issues and conditions.

The ability of the model to simulate known and projected future conditions will

evolve and improve as new data become available and updated calibration

runs are completed.
Parameters used to set up the model appear to be within limits justified by
known, estimated, and assumed subsurface conditions based upon available

historic data.

Initial transient calibration completed using anine-year calibration period
1990-1999) is considered adequate to confirm the initial validity of the model

for use in evaluating a variety of potential future projects and conditions.

Areas of the basin that could benefit from future exploration, testing,
monitoring, analysis and/or additional model calibration were identified.

The model is not considered appropriate for assessing detailed local impacts
related to new recharge facilities or well fields. These impacts should be

assessed using more detailed local submodels and by conducting detailed

field studies.

The model does not, nor is it intended to, address water supply availability,
cost, water quality, or land subsidence.

Recommendations of the panel included suggestions that thorough documentation be

prepared on model configuration and calibration and that the model calibration period
be extended as new data become available.

2.8.3 TALBERT GAP MODEL

Between 1999 and 2000, OCWD contracted with Camp Dresser & McKee Inc. to

develop a detailed groundwater flow model of the Talbert Gap and surrounding area for

the purpose of evaluating and estimating the amount and location of fresh water

injection wells needed to control seawater intrusion under current and projected future

basin conditions. The Talbert Gap modeling effort was undertaken as part of the design
scope of work for Phase 1 of the GWR System, which included expansion of the

existing Talbert Barrier. The configuration and initial calibration of the Talbert Gap
Model and further model refinement and calibration were documented by Camp Dresser

McKee Inc. (2000, 2003).

Consistent with the Basin Model Advisory Panel's findings, OCWD determined that a

more detailed model of the Talbert Gap was necessary to evaluate the local water level

changes associated with various potential injection barrier alignments and flow rates.

The Talbert model comprises an area of 85 square miles, 13 Layers (seven aquifers
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and six aquitards), and 509,000 grid cells (250 feet x 250 feet horizontal dimensions).
Figures 2-20 and 2-21 show the model area and layering schematic, respectively.

FIGURE Z-2O

TALBERT GAP MODEL AND BASIN MODEL BOUNDARIES
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FIGURE Z-21

TALBERT GAP MODEL AQUIFER LAYERING SCHEMATIC
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Key findings of the Talbert Gap model are summarized below.

Depending on the amount of basin production, particularly near the Talbert

Barrier, 30 mgd (approximately 34,000 afy) of injection will substantially raise

water levels, yet may not be sufficient to fully prevent seawater intrusion in

the Talbert Gap. Additional injection wells beyond those planned for Phase 1

of the GWR System may be required.
Under projected 2020 conditions, the future Talbert Barrier may require an

annual average injection rate of up to 45 mgd based on the results of existing
analyses. This estimated future injection requirement will be further evaluated

as additional data are collected.

The Talbert model inland boundaries do not coincide with hydrologic or

geologic features, e.g., recharge area, faults. Therefore, simulated water

levels are highly influenced by the time-varying water levels specified along
the boundaries. For future Talbert model predictive runs, the basin model

should be used to generate water levels that can then be specified along the

inland Talbert model boundaries.

The Talbert model was less sensitive to adjustment hydraulic conductivity and

storage coefficient than the basin model, primarily because of the stronger
influence of the specified-head boundaries in the Talbert model.
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3 GROUNDWATER MONITORING

OCWD conducts a comprehensive monitoring program of the groundwater
basin and surface water supplies in the watershed to properly manage water

supplies and to safeguard the basin's water quality. This section describes

OCWD's basin monitoring programs, including the following:

Groundwater monitoring locations;

Water sample collection and analysis procedures;

Monitoring of production rates, groundwater elevation, groundwater
quality, and recharge water quality; and

Seawater intrusion monitoring and prevention.

3.1 Introduction

For its size, the Orange County groundwater basin is one of the world's most

extensively monitored. The District's comprehensive monitoring program tracks dynamic
basin conditions including groundwater production, storage, elevations, and water

quality.

OCWD's monitoring program has helped improve groundwater management throughout
the basin by:

Establishing on an annual basis the safe and sustainable level of groundwater
production.

Determining the extent of seawater intrusion and subsequently building
improvements to seawater barriers to prevent and reverse such intrusion.

Discovering areas of groundwater contamination to protect public health and

beneficial use of groundwater, and to begin remediation efforts at an early
stage.

Assuring that the groundwater basin is managed in full compliance with all

relevant laws and regulations.

3.2 Collection and Management of Monitoring Data

Data are collected through a vast network of production and monitoring wells at

frequencies necessary for short- and long-term trend analyses. The wells are located

throughout the basin to enable not only analysis of the basin as a whole but also to

focus on local or sub-regional investigations. Multi-depth monitoring wells provide
depth-specific water level and quality data allowing analysis of the basin's multiple-
aquiferconfiguration.

The network of nearly 700 municipal drinking water, private domestic, industrial,
irrigation, and monitoring wells is used to collect data for a variety of purposes. A list of
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each OCWD monitoring well with well type, cased depth, and top and bottom

perforation is shown in Appendix E. Figure 3-1 shows the locations of over 200

production wells that extract groundwater for municipal use. Monthly individual well

production rates for large-capacity wells have been collected since 1988. Monitoring
wells, shown in Figure 3-2, are operated by OCWD to supplement the water quality data

collected at production wells and to fill data gaps.

FIGURE 3-1

PRODUCTION WELL LOCATIONS
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FIGURE 3-2

OCWD MONITORING WELL LOCATIONS
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Note: Monitoring wells constructed and/or owned by other entities besides OCWD are not shown

Data collected in OCWD's monitoring program are stored in the District's electronic

database, the Water Resources Management System ( WRMS). WRMS contains

comprehensive well information, current and historical data, as well as information on

sub-surface geology, groundwater modeling, and water quality. This database provides
for subsequent retrieval and analysis of data or preparation of data reports and data

submittals to other agencies.
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3.3 Water Sample Collection and Analysis
OCWD's laboratory is state-certified to perform bacteriological, inorganic, and organic
analyses (see Figure 3-3). The District utilizes state-certified contractor laboratories to

analyze asbestos, dioxin, and radiological samples. Analytical methods approved by the

California Department of Public Health ( CDPH) or U.S. Environmental Protection

Agency (EPA) are used for analyzing water quality samples for the drinking water

compliance program. As new chemicals are regulated, the OCWD laboratory develops
the analytical capability and becomes certified in the approved method to process

compliance samples. The amount of samples taken is dynamic, ranging from 600 to

1,700 samples in any given month.

Water quality samples are collected in the field in accordance with approved federal and

state procedures and industry-recognized quality assurance and control protocols to

ensure that sampled water is representative of ambient groundwater (or surface water)
conditions.

Water samples are collected in method-specific containers, stored in coolers at

approximately 4°C, and delivered to state-certified laboratories, researchers, or contract

laboratories for analysis. The majority of samples are delivered to the laboratory on the

day of sample collection. When samples must be shipped, they are sent overnight for

next-day delivery. Site conditions, field measurements of selected water quality
parameters (temperature, pH, electrical conductivity, and dissolved oxygen), and other

relevant sample observations are recorded in field notebooks at each sampling location,
and achain-of-custody form is completed for each sample collected per site. Sampling
occurs in a variety of terrains and occasionally in inclement weather and outside normal

business hours.

Yf

FIGURE 3-3

OCWD'S STATE CERTIFIED NEW LABORATORY
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FIGURE 3-4

THREE COMMON MONITORING WELL DESIGNS
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Figure 3-4 illustrates the three monitoring well designs used for basinwide water quality
monitoring activities: multi-point, nested, and cluster.

The multi-point well is a Westbay well design that contains a single casing with

sampling ports located at specific depths in the underlying aquifers ( Figure 3-5).
Individual sampling points are hydraulically separated by packers. Acomputer-assisted
sampling probe is used to collect a water sample at the desired depth. The sampling
port has direct hydraulic connection between the port and the aquifer, allowing
groundwater to flow into a detachable stainless steel sample container. OCWD has

more than 50 multi-point wells ranging from a few hundred feet to over 2,000 feet in

depth.

FIGURE 3-5

MULTIPORT WELL DESIGN DETAIL
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A nested well design consists of a single borehole with individual monitoring wells

screened at specific depths and completed in the borehole. A cluster is represented by
individual monitoring wells completed with single casings at targeted depths within close

proximity of each other. A "single point" monitoring well is one individual monitoring well

that typically is screened over about 10 to 30 feet of sediments. The primary difference

between the multi-point wells and the nested, cluster or single-point monitoring wells is

the method of sample collection. Westbay multi-point wells do not require purging of

groundwater prior to sample collection. In contrast, single point monitoring wells use a

submersible pump to purge groundwater from the well and the surrounding formation

until " ambient" or steady state conditions are obtained as determined by steady,
continuous field measurements of pH, electrical conductivity, and temperature.

Between forty to nearly 2,000 gallons of groundwater may be purged from a monitoring
well prior to sample collection. Generally, a truck equipped with one or more

submersible pumps and a portable generator is used to purge and sample groundwater
from single-point monitoring wells. Portable submersible pump and reel systems provide
additional flexibility to increase the efficiency of sampling monitoring wells without

dedicated pumps. One truck is outfitted with a dual system of submersible pumps and

environmental hoses installed separately on hydraulic booms to sample two wells

simultaneously (see Figure 3-6).

FIGURE 3-6

DUAL BOOM WATER QUALITY SAMPLING VEHICLE



SECTION 3 GROUNDWATER MONITORING

3.4 Production and Groundwater Elevation Monitoring

Approximately 200 large-capacity municipal supply wells account for 97 percent of

production. Large-capacity well owners, who are required by the District Act to report to

OCWD every six months, voluntarily report monthly groundwater production for each of

their wells. The production volumes are verified by OCWD field staff. Data are used to

assess the Replenishment Assessment, quantify total basin pumping, calibrate the

basin model described in Section 2.8, and to evaluate seasonal groundwater level

fluctuations. As an example, Figure 3-7 illustrates seasonal groundwater production
trends in three municipal wells.

FIGURE 3-7

EXAMPLES OF SEASONAL WELL PUMPING PATTERNS
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Groundwater elevation (or level) data are measured at least semi-annually at nearly
every production and monitoring well. Over 1,000 individual measurement points are

monitored for water levels on a monthly or bi-monthly basis to evaluate short-term

effects of pumping or recharge operations. More frequent water level measurements

are collected at selected monitoring wells in the vicinity of OCWD's recharge facilities,
seawater barriers, and areas of special investigation where drawdown, water quality
impacts, or contamination are of concern. The number of municipal wells that are

monitored varies from year to year depending on well maintenance, abandonment, new

well construction, and related factors.
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3.5 Water Quality Monitoring
In 2008, nearly 14,000 groundwater samples were collected and analyzed to comply
with state and federal regulations and to enable OCWD to monitor the water quality of

the basin. OCWD conducts the EPA/CDPH compliance sampling and reporting for

Producers wells. The number of water quality samples varies each year in response to

regulatory requirements and to gain a better understanding of the basin, as shown in

Figure 3-8. A summary of the well types, the number of wells, and the number of

sample points is presented in Table 3-1.

FIGURE 3-8

GROUNDWATER AND SURFACE SITE SAMPLES COLLECTED BY OCWD
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TABLE 3-1

DISTRIBUTION OF WELLS IN BASINWIDE MONITORING PROGRAM

No. of

Well Type No. of Wells Individual

Sample Points

Drinking Water Wells 228 228

Industrial And Irrigation wells 123 123

OCWD Monitoring Wells (excluding seawater monitoring) 254 728

OCWD Seawater Intrusion Monitoring Wells 93 244

Total 698 1323
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SECTION 3 GROUNDWATER MONITORING

Samples collected throughout the basin are used to monitor the impacts of basin

extraction, determine the effectiveness of the seawater intrusion barriers, assess the

impacts of historic and current land uses, and serve as a sentinel or early warning of

emerging contaminants of concern. The District's comprehensive water quality
monitoring programs fall roughly into three categories: (1) compliance with permits and

drinking water regulations, (2) OCWD Board approved projects for research and other

purposes, and (3) basin management.

3.5.1 DRINKING WATER REGULATIONS

The Federal Safe Drinking Water Act (SDWA) directs the EPA to set health-based

standards (maximum contaminant levels or MCLs) for drinking water to protect public
health against both naturally-occurring and man-made contaminants. EPA administers

the SDWA at the federal level and establishes MCLs for bacteriological, inorganic,
organic, and radiological constituents ( U.S. Code Title 42, and Code of Federal

Regulations Title 40). California administers and enforces the federal program and has

adopted its own SDWA, which may contain more stringent state requirements
California Health and Safety Code, Section 116350 and related sections). The

regulations implementing the California SDWA are referred to as the Title 22 Drinking
Water Standards.

Since the 1970s, the number of chemicals regulated in groundwater sources has

increased more than four-fold. OCWD monitors more than 100 regulated and

unregulated chemicals at a specified monitoring frequency established by regulation as

shown in Table 3-2.

Typically, about one-third of the drinking water wells are sampled every year for general
minerals, metals, and secondary MCL constituents (color, odor, TDS, sodium, chloride,
alkalinity, etc.). VOCs and nitrate are sampled annually at every well. Quarterly
monitoring is required if VOCs are detected or if nitrate concentrations exceed

50 percent of the MCL. In addition, OCWD monitors wells routinely for selected

chemicals on the unregulated lists, chemicals with Notification Levels, or new chemicals

of concern.

Analyses for synthetic organic chemicals ( SOCs) including tests for herbicides,
pesticides, plasticizers, and other semi-volatile organics require use of twelve or more

analytical methods. Newly-constructed wells are monitored for SOCs for four

consecutive quarters to provide seasonal data for CDPH to assess the long-term
monitoring frequency in their vulnerability assessment.

In addition to the regulated chemicals, both EPA and the CDPH require monitoring for

unregulated chemicals. Unregulated chemicals do not have an established drinking
water standard, but are new priority chemicals of concern. Monitoring provides
information regarding their occurrence and levels detected in drinking water supply
wells as the first assessment step to determine if the establishment of a standard (MCL)
is necessary. Wells must be sampled twice within twelve months to comply with the

unregulated chemical monitoring rules.
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TABLE 3-2

MONITORING OF REGULATED AND UNREGULATED CHEMICALS

DPH Title 22 Drinking Water

Chemical Class

Inorganic -General Minerals On

Inorganic -Trace Metals On

Nitrate and nitrite

Detected > 50%MCL

Perchlorate

Detected > DLR

Non-detect at < DLR On

Regulated Chemicals

Monitoring Notes

New wells sampled quarterly for 1st

Detection limit = 4 oob

wells sampled quarterly for 1st year

wells sampled quarterly for 1st year; if

ical

1/2 MCL < MCL Once

cted at < 1/2 MCL Once

Non-detect at < DLR Once e~

EPA and DPH

4-Inorganic and 5-organic

initial screening) to determine reduced

monitorina frequency for each radionuclide

radionuclide

Chemicals

EPA UCMR1 -List 1: 1-Inorganic and
Two required samples: Monitoring completed for existing wells in

10-organic chemicals 1) Vulnerable period: 2001- 2003; new wells tested during 1st

May-Jun-Jul-Aug-Sep year

2) 5 to 7 months before or

EPA UCMR1 -List 2: 13-Organic after the sample collected in

chemicals the vulnerable period. No

EPA UCMR2 -List 1: 10 organic further testing after All water utilities serving >10,000 people.
chemicals completing the two required Monitoring period: 2008- 2010

sampling events All water utilities serving population
100,000 and EPA selected systems

EPA UCMR2 -List 2: 15 organic serving <100,000 population. Monitoring
chemicals period: 2008- 2010

3.5.2 MONITORING FOR CONTAMINANTS IN THE BASIN

Comments

monitoring after initial year

DHS UCMR -required testing for all new

EPA UCMR1 - no longer required by EPA;

sampling period was 2001-2003; received

waiver April '08 from DPH of non vulnerable

so no further testing required. New wells were

being tested since 2001 to Apr. 08 (waiver
granted by DPH)

Current EPA program: Jan 2008 -Dec. 2010

OCWD has taken a proactive role in monitoring the basin for VOCs for over twenty
years. This extensive monitoring program that tests agricultural, industrial, private, and

domestic wells, led to the discovery of the EI Toro MCAS solvent plume, discussed in

Section 5.5. In response to the detection of VOCs in Anaheim and Fullerton over 100

monitoring wells, many in cluster well configuration were drilled to provide a broad

range of monitoring points to define the areal extent of VOC contamination.

Monitoring wells are sampled as frequently as quarterly in areas of localized high
concentrations of solvents and annually at other locations. Other chemicals are added

to the monitoring program when concern arises. In the case of the North Basin
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Groundwater Protection Project, described in Section 5.8, OCWD monitors for VOCs,
1,4-dioxane, and other constituents.

Monitoring gaps for regulated and unregulated chemicals occur in areas within Irvine

where drinking water wells were not operating on a regular basis. OCWD's fills the data

gaps with the non-potable well monitoring program. Monitoring wells and accessible

agricultural wells are sampled for volatile organics, general minerals, and selected

chemicals of concern to provide water quality information in this area of the basin.

3.6 Seawater Intrusion Monitoring and Prevention

Monitoring and preventing the encroachment of seawater into fresh groundwater zones

along coastal Orange County is a major basin management issue. Seawater

encroachment also represents a key factor in determining the basin operating range in

terms of the maximum accumulated overdraft. Besides seawater intrusion, other

identified sources of coastal groundwater salinity include connate water (water trapped
in the pore spaces of sediments at the time of deposition) and brines disposed of at the

ground surface during past oil production (Poland et al., 1956; DWR, 1961; DWR, 1968;
J.M. Montgomery, 1974). The primary avenues for seawater intrusion into the basin are

permeable sediments underlying topographic lowlands or "gaps" between the erosional

remnants or "mesas" of the Newport-Inglewood Uplift, as shown in Figure 3-9. The

susceptible locations are the Talbert, Bolsa, Sunset, and Alamitos Gaps.

Seawater intrusion through the Alamitos and Talbert Gaps is controlled via the

operation of seawater barriers consisting of injection wells. The Alamitos Barrier has

been operated since 1965 under a joint funding agreement between OCWD and Los

Angeles County Department of Public Works (LACDPW) and a joint management
committee consisting of OCWD, LACDPW, and other local stakeholders including the

Water Replenishment District, City of Long Beach, and Golden State Water Company.
OCWD has operated the Talbert Seawater Barrier since 1975. Flow and pressure

readings are used to maximize total injection without over pressurizing the wells.

A coastal seawater monitoring program assesses the effectiveness of the Alamitos and

Talbert Barriers and tracks salinity levels in the Bolsa and Sunset Gaps. Over 425

monitoring and production wells are sampled semi-annually to assess water quality
conditions during periods of lowest production (winter) and peak demands (summer).
Monthly water levels are measured in many of the coastal wells to evaluate seasonal

effects of pumping and the operation of the injection barrier. A small subset of coastal

wells is equipped with pressure transducers and data loggers for twice daily
measurement and recording of water level conditions.

Key groundwater monitoring parameters used to determine the effectiveness of the

barriers include water level elevations, chloride, TDS, electrical conductivity, and

bromide. Groundwater elevation contours for the aquifers most susceptible to seawater

intrusion are prepared to evaluate the freshwater mound developed by the barrier

injection wells and to determine if it is sufficient to prevent the inland movement of

saline water. The Talbert Gap chloride concentration contours shown in Figure 3-10

illustrate both the historical inland progression of groundwater salinity and its recent
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reversal due to injecting large volumes of water and basin management practices
employed in the last four years.

FIGURE 3-9

SEAWATER BARRIER LOCATIONS
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FIGURE 3-10

LANDWARD MOVEMENT OF 250 MG/L CHLORIDE CONCENTRATION CONTOUR
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In addition to contour maps, OCWD staff prepares and reviews chloride concentration

trends at individual wells to identify and evaluate intrusion in specific aquifer zones,

Chloride concentration trend charts for two of those wells are shown in Figure 3-11 with

their locations shown in Figure 3-10.
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FIGURE 3-11
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3.7 Monitoring Quality of Recharge Water

OCWD conducts an extensive program to monitor the quality of the water recharged
into the groundwater basin. This includes monitoring of the Santa Ana River surface

water and other recharge water supplies.

3.7.1 SANTA ANA RIVER WATER QUALITY

Since the quality of the surface water that is used for recharge may affect groundwater
quality, a routine monitoring program is maintained to continually assess ambient river

water quality conditions. Characterizing the quality of the Santa Ana River and its

impact on the basin is necessary to verify the sustainability of continued use of river

water for recharge and to safeguard ahigh-quality drinking water supply for Orange
County.

On-going monthly surface water monitoring of the Santa Ana River is conducted at

Imperial Highway near the diversion of the river to the off-river recharge basins and at a

site below Prado Dam. Sampling frequencies for selected river sites and recharge
basins are shown in Table 3-3.

TABLE 3-3

SURFACE WATER QUALITY SAMPLING FREQUENCY WITHIN ORANGE COUNTY

SAR Kraemer/

Category
SAR Below

Imperial
Anaheim

Miller
Dam

Hwy
Lake

Basin

General Minerals M M M Q

Nutrients M M M Q

Metals

Microbial M M M M

Volatile organic compounds
VOC) M M M Q
Semi-volatile organic
compounds (SOC) Q Q Q Q

Total organic halides (TOX) M M M

Radioactivity
Perchlorate M M M Q

Chlorate M M M Q

Iodine

NDMA Formation Potential

NDMA-FP) Q Q

M = monthly, Q =quarterly

Note: NDMA-FP and iodine are focused testing initiated in late 2007 and will continue through
2009. Data will be reviewed to determine if monitoring should continue or incorporated into the

long-term monitoring program.
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General minerals, nutrients, and selected other constituents are monitored monthly, and

radioactivity constituents, metals, volatile organics, and semi-volatile organics (e.g.,
pesticides and herbicides) are monitored quarterly. Several points on the river and key
tributaries to the river above Prado Dam, as shown in Figure 3-12 are also monitored

annually for general minerals and nutrients.

FIGURE 3-12

OCWD SURFACE WATER MONITORING LOCATIONS ABOVE PRADO DAM
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3.7.1.1 Santa Ana River Water Quality and Health Study

In 2004, OCWD completed the Santa Ana River Water Quality and Health (SARWQH)
study (OCWD, 2004). This voluntary study was conducted from 1994 to 2004 at a cost

of $10 million. The study was initiated due to OCWD's concerns about the high
percentage of treated wastewater discharges into the non-storm flows of the Santa Ana

River.

The goal of the SARWQH Study was to apply advanced water quality characterization

methods to assess the quality of Santa Ana River water and the groundwater after

Santa Ana River water is used to recharge the groundwater basin. The multi-disciplinary
study design included an examination of hydrogeology, microbiology, inorganic and

organic water chemistry, toxicology and public health. The organic water chemistry
component included an analysis of trace (low concentration) constituents and dissolved

organic compound (DOC) characterization. Analyses and research in the SARWQH

Study were conducted by scientists, researchers, and water quality experts from

numerous organizations, including Stanford University, Lawrence Livermore National

Laboratory, USGS, Oregon State University, and Metropolitan Water District.

The results of this extensive study confirmed that current recharge practices using
Santa Ana River water are protective of public health. Findings from the SARWQH

Study provided information necessary for the planning and permitting of other OCWD

projects, such as the GWR System. Results are also helping to shape the CDPH

proposed regulations for groundwater recharge.

At the request of OCWD, the National Water Research Institute (NWRI) conducted an

independent review of the results from the SARWQH Study. NWRI assembled a group
of experts in the fields of hydrogeology, water chemistry, microbiology, and the other

requisite fields to form the Scientific Advisory Panel. This Panel met annually during the

study to review the results and provide recommendations on future work. The panel
also prepared a final report (NWRI, 2004) that concluded:

Based on the scientific data collected during the SARWQH Study, the

Panel found that:

The SAR met all water-quality standards and guidelines that have

been published for inorganic and organic contaminants in drinking
water.

No chemicals of wastewater origin were identified at concentrations

that are of public health concern in the SAR, in water in the

infiltration basins, or in nearby groundwaters.

The constituents that were considered included non-regulated chemicals

e.g., pharmaceutically active chemicals) and contaminants of concern

that arose during the course of the SARWQH study ( e.g.,
n-Nitrosodimethylamine [ NDMA]).

The unprecedented classification of the major components of DOC and

the transformations that occur within these chemical classes as water

moves downstream and into the aquifer provided significant new evidence

to support the conclusion that the product water is suitable for potable
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consumption and is also becoming comparable to other sources of

drinking water, such as the Colorado River, in its organic profile."

3.7.2 REPLENISHMENT WATER FROM METROPOLITAN

When the District purchases replenishment water from Metropolitan and it is delivered

at Anaheim Lake, the water is blended with Santa Ana River water. OCWD samples
this blended water for general minerals, nutrients, and other selected constituents. The

District may also sample for radioactive constituents, metals, volatile organics, and

semi-volatile organics (e.g., pesticides and herbicides).

3.7.3 GROUNDWATER REPLENISHMENT SYSTEM

Recharge water produced by the GWR System is extensively monitored daily, weekly,
and quarterly for general minerals, metals, organics, and microbiological constituents as

shown in Table 3-4. Focused research-type testing has been conducted on organic
contaminants and selected microbial species (i.e., protozoa, coliphage, etc.)

TABLE 3-4

GROUNDWATER REPLENISHMENT SYSTEM PRODUCT WATER QUALITY MONITORING

Category
Testing

Frequency

General Minerals M

Nitrogen Species (N03, N02, NH3, Org-N) and TDS U\/

Metals (~

Inorganic chemicals Q

Microbial p

Total Organic Carbon (TOC) p

Non-volatile synthetic organic compounds (SOCs) Q

Disinfection Byproducts Q

Radioactivity (~

D = Daily, W =twice weekly, M = monthly, Q =quarterly,

After the GWR System water is recharged, the water is monitored in the groundwater
basin. The District uses an array of monitoring wells in the Talbert Gap and in Anaheim

to monitor the water quality. As part of the construction of the GWR System, three new

monitoring wells were constructed to complement the District's existing monitoring wells

network.

3.7.4 INTEGRATED GROUNDWATER AND SURFACE WATER MONITORING

As part of its recharge water quality monitoring program, the District monitors

groundwater quality at selected monitoring wells downgradient of the recharge facilities

where the subsurface rate of travel of recharge water is known. These wells provide an

indication of groundwater quality as recharge water flows away from the recharge
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basins. Recharge water samples are collected in coordination with these targeted
groundwater samples so that the changes in water quality with time after recharge can

be assessed. This allows for evaluations of water quality for parameters such as nitrate

as the water is infiltrated and subsequently flows in the subsurface.

This integration of groundwater and surface water monitoring was established based on

recharge water tracer studies conducted with water recharge at Anaheim Lake,
Kraemer Basin, and the Santa Ana River (Clark et. al, 2004).

3.8 Publication of Data

In addition to collecting and managing data in the District's WRMS as described

previously in this section, OCWD analyzes and reports data in a number of regular
publications as shown in Table 3-5 below.

TABLE 3-5

DATA COLLECTION AND REPORTING

Report
Frequency of

Publication
Contents

Engineer's Report on the
Basin hydrology, groundwater conditions,

Groundwater Conditions
total groundwater production, groundwater

Water Supply and Basin Annual
levels, coastal groundwater conditions,

Utilization in the Orange
calculation of basin accumulated

County Water District
overdraft, supplemental water purchases;
required by the District Act

Santa Ana River Water Quality Annual
Surface water quality data for the Santa

Monitoring Report Ana River

Groundwater Replenishment
Data related to the operation of the

System and Talbert Barrier Annual
Groundwater Replenishment System and

Report
the Talbert Seawater Intrusion Barrier;
required by RWQCB permit

Santa Ana River Watermaster
Amounts of Santa Ana River flows at

Report
Annual Prado Dam and Riverside Narrows;

required by 1969 stipulated judgment

Total amount of managed recharge,

Managed Aquifer Recharge
Annual recharge data for each recharge basin,

beginning 2009 sources of and quantities of recharge
water supplies
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4 RECHARGE WATER SUPPLY MANAGEMENT

OCWD manages the District's recharge facilities to maximize groundwater
recharge. Efficiently operating existing groundwater recharge basins and

facilities and expanding recharge operations where feasible are major District

objectives. This section:

Describes the operations of the OCWD recharge facilities;

Explains seawater intrusion barrier operations; and

Discusses the sources of recharge water supplies.

4.1 Recharge Operations
Recharging water into the basin, through natural and artificial means, is essential to

support pumping from the basin. Although the amount of recharge and total pumping
may not be the same each year, over the long-term the amount of recharge needs to be

similar to total pumping. The basin's primary source of water for groundwater recharge
is flow from the Santa Ana River. The Santa Ana River is the largest coastal stream in

southern California with a length of 80 miles and a drainage area of 2,470 square miles

Blomquist, 1988). OCWD diverts river flows into recharge basins located in and

adjacent to the Santa Ana River and its main Orange County tributary, Santiago Creek.

Other sources of recharge water supplies include natural recharge, recycled water, and

imported water.

OCWD currently operates 1,067 acres of recharge facilities located in and adjacent to

the Santa Ana River and Santiago Creek. OCWD recharge facilities are shown in

Figure 4-1. Active or managed recharge of groundwater began in 1949, in response to

increasing drawdown of the basin and, consequently, the serious threat of seawater

intrusion contaminating groundwater. The first imported water used to recharge the

basin was Colorado River water purchased from Metropolitan.

In 1953, OCWD began making improvements in the Santa Ana River bed and areas

adjacent to the river to increase recharge capacity. These improvements included

modifying river channels and construction of off-channel recharge basins. Expansion of

the recharge system has continued to the present time to the point where nearly all

Santa Ana River non-stormflows are captured for recharge into the groundwater basin.

Sources of recharge water have expanded to include water from Santiago Creek and

purified water from the GWR System.

The recharge system consists of a series of recharge basins, also called percolation or

spreading basins, whose sidewalls and bottoms allow for percolation into the underlying
aquifer. The rate at which water enters from the surface into the ground is the

percolation rate (or recharge or infiltration rate). The percolation rate and how it

changes through time is the main factor in determining the effectiveness of the recharge
facilities.
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FIGURE 4-1

OCWD RECHARGE FACILITIES IN ANAHEIM AND ORANGE
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Higher percolation rates allow a greater quantity of water to infiltrate into the

groundwater basin. Percolation rates tend to decrease with time as the percolation
basins develop a thin clogging layer on the basin bottom. The clogging layer develops
from fine grain sediment deposition and from biological growth. Percolation rates are

restored by mechanical removal of the clogging layer from the basins. Mechanical

removal methods that are employed utilize heavy equipment such as dozers, scrapers,
and other equipment. Additionally, basin cleaning vehicles are employed in selected

basins. These basin cleaning vehicles operate while the basin is in operation.

4.1.1 Prado Basin

The majority of water recharging the basin is Santa Ana River water that enters Orange
County after flowing through the Prado Dam. The dam, shown in Figure 4-2, was built

by the U.S. Army Corps of Engineers (ACOE) in 1941 " for flood control and other

purposes."

FIGURE 4-2

PRADO DAM AND OCWD PRADO WETLANDS
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In the 1960s the ACOE began working with OCWD to conserve base and stormflows

behind the dam in order to enable OCWD to divert flows into recharge facilities. In

1994, the ACOE adopted new dam operating procedures to increase water

conservation (ACOE, 1994). During non-storm periods, the ACOE now releases water

stored behind Prado Dam at rates compatible with OCWD's recharge capacity as long
as the stored water does not compromise the use of the dam for flood control purposes.

Although the District's recharge system has the capacity to capture all Santa Ana River

baseflows released through the Prado Dam, stormflows occasionally exceed the

diversion capacity. OCWD continuously works with the ACOE to manage flow rates in

order to maximize the recharge of stormflows. Anew Memorandum of Agreement
between OCWD and the ACOE, executed in 2006, authorized afour-foot increase in the

maximum winter pool elevation. Water now can be stored temporarily behind Prado

Dam up to an elevation of 498 feet mean sea level during the flood season, and up to

an elevation of 505 feet during the non-flood season, as shown in Figure 4.3.

FIGURE 4-3

MAXIMUM CONSERVATION STORAGE ELEVATIONS ALLOWED BEHIND PRADO DAM
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4.1.2 Recharge Facilities in Anaheim and Orange
The District operates 30 recharge facilities in the Cities of Anaheim and Orange and

unincorporated areas of Orange County. These facilities, listed in Table 4-1, have a

combined total storage volume of approximately 26,000 af. For descriptive purposes,

they are grouped into four major components: the Main River System, the Off-River

System, the Deep Basin System, and the Burris Basin/Santiago System.
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TABLE 4-1

AREA AND STORAGE CAPACITIES OF RECHARGE FACILITIES

Wetted Max. Storage
Facility Area Capacity (1)

acres ate
Anaheim Lake 72 2,260
Burris Basin 120 2,670
Conrock Basin 25 1,070
Five Coves Basin: Lower 16 182

Five Coves Basin: Upper 15 164

Foster-Huckleberry Basin 21 630

Kraemer Basin 31 1,170
La Jolla Basin 6.5 26

Lincoln Basin 10 60

Little Warner Basin 11 225

Miller Basin (2) 25 300

Mini-Anaheim Lake 5 13

Off-River Channel: Olive Basin-Carbon Creek Diversion 42 N/A

Off-River Channel: Weir Pond 4-Olive Basin 47 N/A

Olive Basin 5.8 122

Placentia Basin (2) 9 350

Raymond Basin (2) 19 370

River View Basin 3.6 11

Santa Ana River: Ball Road -Orangewood Ave. 59 N/A

Santa Ana River: Five Coves Dam-Ball Road 74 N/A

Santa Ana River: Imperial Hwy -Five Coves Dam 158 N/A

Santiago Basins: Bond Basin 86 8,380

Santiago Basins: Blue Diamond Basin 79 5,020

Santiago Basins: Smith Basin 22 320

Santiago Creek: Santiago Basins -Hart Park (3) 2.6 N/A

Warner Basin 70 2,620
Weir Pond 1 6 28

Weir Pond 2 9 42

Weir Pond 3 14 160

Weir Pond 4 4 22

Totals li 1,067 26,215

Notes:

1. Maximum (Max.) storage capacity is typically not achieved for most facilities due to need to

reserve buffer space for system flow and level fluctuations.

2. Owned by Orange County Flood Control District (OCFCD). Max. storage capacity shown is

maximum flood control storage.
3. Various owners, including OCFCD, City of Orange, and Metropolitan.
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4.1.2.1 Main River System

Water released at the Prado Dam naturally flows downstream and percolates through
the river's 300-400 foot wide unlined channel bottom that consists of sandy, permeable
sediment. The Main River System consists of approximately 291 acres along asix-mile

reach of the Santa Ana River Channel, just west of Imperial Highway to Orangewood
Avenue. Downstream of Orangewood Avenue shallow, low-permeability clay layers
reduce the ability to recharge river water.

The upstream portion of the Main River System begins at the Imperial Inflatable Dam.

The Imperial Inflatable Dam and Bypass Structure is one of the District's key control

structures. It allows the District to divert Santa Ana River water from the Main River

System into the Off-River System.

The Imperial Inflatable Dam, installed in 1993, is seven feet in diameter and 300 feet

long, as shown in Figure 4-4. It is constructed of rubberized fabric that is inflated with

air. When the stormflow rate exceeds approximately 1,500 cubic feet per second (cfs),
the dam is deflated and only minimal water can be diverted for recharge. During some

flow conditions, from 1,000-2,000 cfs, the dam is partially inflated, allowing some

diversion for recharge and the remainder of the water to flow over the dam.

The pooled water behind the inflated

dam flows through the bypass
structure on the north side of the river.

The bypass structure includes a series

of steel gates leading to conduits that

divert up to 550 cfs of water into the

Off-River System. Water passes

through trash racks to keep debris out

and then flows into Weir Pond 1.

OCWD maximizes recharge in the

Main River System by bulldozing a

series of sand levees in the river, as

shown in Figure 4-5. These levees

allow greater percolation by increasing
the residence time of water in the

permeable section of the river and by spreading the water across the width of the river

to maximize the wetted surface area. Typically, water flows at a velocity sufficient to

prevent the accumulation of fine sediment and biological growth. The riverbed is also

cleaned naturally, when winter and spring stormflows wash out the levees and scour the

bottom. When necessary, heavy equipment is used to move sediments in order to

restore the high percolation rate. Sand levees remain intact until flows exceed

approximately 350 cfs, at which time they erode and water flows from bank to bank in

the riverbed. Although percolation is believed to remain high during these high flow

conditions, rates are difficult to measure.

FIGURE 4-4

INFLATABLE DAM ON THE SANTA ANA RIVER
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FIGURE 4-5

SAND LEVEES IN THE SANTA ANA RIVER
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4.1.2.2 Off-River System

The Santa Ana River bed

percolation rate has been

declining by approximately one

percent per year for the last 20

years due to the coarsening of the

river bed that is a common

problem in river beds downstream

of dams. This occurs because

sand that would naturally flow

down the river is trapped behind

Prado Dam. The reduction in the

amount of sand in the river bed

causes sediments to become less

conducive to percolation,
particularly in the area closest to

Imperial Highway.

The Imperial Inflatable Dam and Bypass Structure diverts Santa Ana River water flows

from the Main River System into the Off-River System. This system includes four ponds
called `Weir Ponds' and a channel called the `Off-River recharge basin'. Weir Ponds 1,
2, 3, and 4 are used to remove sediment from the Santa Ana River water diverted at the

Imperial Inflatable Dam. The Weir Ponds have a surface storage of approximately
200 acre-feet. At the most downstream Weir Pond, Weir Pond 4, water can flow into the

Off-River Recharge Basin, the Huckleberry Basin, or the Warner Bypass Pipeline. The

Off-River Recharge Basin consists of a shallow, sandy bottom, 200-foot wide channel

that runs parallel to the Main River System for approximately 2.3 miles from the Imperial
Inflatable Dam down to the Carbon Creek Diversion Channel. The Off-River Recharge
Basin is separated from the Main River System by a levee. Water in the Off-River

Recharge Basin can be diverted into Olive Basin, which is located near Tustin Avenue.

4.1.2.3 Deep Basin System

The Deep Basin System consists of the Warner Basin Sub-system (Foster-Huckleberry,
Conrock ,Warner, and Little Warner Basins), along with Anaheim Lake, Mini Anaheim,
and Miller, Kraemer, La Jolla, Placentia, and Raymond Basins. Up to 400 cfs of water

can be diverted into Foster-Huckleberry and then into Conrock and Warner Basins.

These recharge basins range in depth from 10 to 60 feet. Portions of their side-walls

and bottoms are composed of natural, sandy, permeable materials that allow water to

percolate into the aquifer. Percolation rates vary depending on the size and depths of

the basins; rates slow significantly as fine-grained sediment particles accumulate on the

basin bottoms. Most of the basins in this system can be drained and cleaned with

equipment, shown in Figure 4-6, to remove this clogging layer, thereby restoring
percolation rates and increasing recharge efficiency.
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When the Warner Basin Sub-system is full, flows into the system are reduced to

approximately 250 cfs. This maximizes percolation and allows the remainder of the

water to be piped to the other downstream basins (Anaheim Lake, Mini Anaheim Lake,
Miller, Kraemer, La Jolla, Placentia, and Raymond). Placentia and Raymond basins are

owned by Orange County Public Works and can only be used during the non-flood

season. Water is conveyed to these two basins using the Carbon Creek Channel.

The Five Coves Inflatable Dam is located on the Santa Ana River approximately three

miles downstream of the Imperial Inflatable Dam. It was installed by OCWD in 1994 to

divert flows into Five Coves, Lincoln, and Burris Basins. The dam is essentially the

same size and construction as Imperial Inflatable Dam. Excess flows above 100 cfs and

less than 500 cfs can be diverted at the dam; during storm events, flows over 500 cfs

are lost to the ocean beyond this dam.

4.1.2.4 Burris Basin/Santiago System

The Burris Basin/Santiago System consists of 354 acres of shallow and deep recharge
basins. The system begins at the confluence of the Santa Ana River and the Carbon

Canyon Diversion Channel and ends at the Santiago Basins in Orange. It consists of

Upper Five Coves, Lower Five Coves, Lincoln, Burris (shown in Figure 4-7) and River

View Basins, the Santiago Basins (Blue Diamond Basin, Bond Basin, and Smith Basin),
and Santiago Creek five miles east of the river.

The Five Coves Inflatable Rubber Dam diverts up to 500 cfs of flow from the Santa Ana

River into Upper Five Coves Basin. This water can then flow sequentially into Lower

FIGURE 4-6

CLEANING OF RECHARGE BASINS
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Five Coves Basin, Lincoln Basin, and Burris Basin. From there, the Burris Basin Pump
Station can pump up to 230 cfs of water through the 66-inch diameter Santiago Pipeline
to the Santiago Basins and Santiago Creek. Once Burris and the Santiago Basins are

full, the flow must be reduced to match the Santiago Basins' percolation rate of

approximately 125 cfs.

FIGURE 4-7

BURRIS BASIN

Santiago Creek, a tributary
to the Santa Ana River,
shown in Figure 4-8, is the

primary drainage for the

northwest portion of the

Santa Ana Mountains. The

creek extends from the

mountains, through the City
of Orange to its confluence

with the Santa Ana River in

the City of Santa Ana. Two

dams along the river

impound flows. Santiago
Dam, which creates Irvine

Lake, is owned by the Irvine

Ranch and Serrano Water

Districts. Villa Park Dam is

primarily a flood control dam owned and operated by the Orange County Flood Control

District.

OCWD's Santiago Basins are located downstream of Villa Park Dam. Here Santiago
Creek flows are supplemented by water diverted from the Santa Ana River through the

Santiago Pipeline. These former gravel pits recharge up to approximately 125 cfs when

full. When the Santiago Basins are full, overflow from the basins flows down the sandy
and rocky Santiago Creek bed. Natural percolation through the creek bottom into the

groundwater basin occurs until water reaches Hart Park in the City of Orange.

The Santiago Basin Pump Station, completed in 2003, provides greater flexibility in

managing recharge operations. Pumps placed in the bottom of Bond Basin move water

out of the Santiago Basin into Santiago Creek or back down into the Santiago Pipeline
where water can be discharged to the River View Basin or back to Burris Basin. River

View Basin is located on the east side of the Santa Ana River adjacent to Burris Basin.

Pumping water to and from the Santiago Basins increases the quantity of groundwater
recharge and creates capacity in the Santiago Basins for storage of water from winter

storms.
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FIGURE 4-$

SANTIAGO CREEK STORAGE AND RECHARGE AREAS
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4.2 Sources of Recharge Water

Water supplies used to recharge the groundwater basin are listed in Table 4-2.

TABLE 4-2

SOURCES OF RECHARGE WATER SUPPLIES

Water Supply

Baseflow

Santa Ana River

Source of Recharge Water

Supply
Perennial flows from the upper
watershed in Santa Ana River;
predominately treated

wastewater discharges

Precipitation from upper
watershed flowing in Santa Ana

River through Prado Dam

Recharge location

OCWD recharge basins

and the Santa Ana River

OCWD recharge basins

and the Santa Ana River

Santiago Creek

Natural Recharge

Purified Water

Imported Water

and Supplemental
Water

Sto rmflow

OCWD recharge basins;
Santiago Creek natural percolation in

Santiago Creek

Precipitation and flows from
Throughout the basin

Orange County foothills

Groundwater Injected into Talbert

Replenishment GWR System treatment facility Barrier; Kraemer and

System Miller basins

Water

Replenishment Water purified at the Leo J. Injected into Alamitos

District of Southern Vander Lans Treatment Facility Barrier

CA

Metropolitan Water State Water Project and
Various recharge basins

untreated) Colorado River Water

State Water Project and

Metropolitan Water Colorado River Water through Injected into Talbert and

treated) the Diemer Water Treatment Alamitos Barriers

Plant

Purified water from Arlington
Arlington Desalter Desalter released to Santa Ana OCWD recharge basins

River above Prado Dam

San Bernardino Surplus groundwater released

Valley Municipal into the Santa Ana River in San OCWD recharge basins

Water District Bernardino

Surplus groundwater released
Released into the

Western Municipal into the Santa Ana River in
Santa Ana River above

Water
Riverside

Prado Dam to OCWD

recharge basins

In Lieu Metropolitan Water Treated imported water used to
Water is delivered

Replenishment District of Southern replace pumping of groundwater, 
directly to Producers

Water California when available
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4.2.1 Santa Ana River

The primary source of water to recharge the basin is Santa Ana River flows. A large
amount of the baseflow water, especially in the summer months, is composed of

tertiary-treated wastewater discharges from wastewater treatment facilities upstream of

Prado Dam.

OCWD has legal rights to a minimum of 42,000 afy of Santa Ana River baseflow. The

minimum amount of Santa Ana River baseflow was established in a legal agreement
entered into by OCWD and upstream water agencies in 1969. This agreement is

commonly referred to as the 1̀969 Judgment.'

From the 1970s to the mid-1990s, the rate of Santa Ana River baseflow increased from

approximately 50,000 afy to 150,000 afy. This is attributed primarily to population
increases in the area above Prado Dam, which resulted in additional treated wastewater

discharges from upstream communities. Figure 4-9 illustrates historic baseflow in the

Santa Ana River at Prado Dam for the period from water year 1934-35 to 2006-07.

FIGURE 4-9

SANTA ANA RIVER FLOWS AT PRADO DAM
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In December 2008, the State Water Resources Control Board (SWRCB) approved the

issuance of a permit to OCWD to appropriate 362,000 afy from the Santa Ana River.

The SWRCB also agreed to hold an additional 143,000 afy in abeyance for OCWD for

possible future projects. This provides an opportunity for OCWD to pursue long-term
projects and complete environmental analysis and planning of those projects by 2023.

Provided that this is completed by 2023, OCWD can seek the additional rights without

the need to restart the water rights application process.

The volume of water recharged into the basin from Santa Ana River stormflows

changes yearly due to variations in the amount of precipitation and the timing of

precipitation and stormflow. Although stormflows average approximately thirty-
three percent of the total Santa Ana River flows, only approximately half of that amount

is recharged at OCWD's spreading facilities. This is primarily because the magnitude of

stormflow releases from Prado Dam often greatly exceeds the District's diversion and

recharge capacity. While the estimated maximum percolation capacity of the recharge
basins is 500 cfs, the rate of Santa Ana River stormflow can reach up to 3,000 cfs or

more, roughly six times the recharge capacity. The volume of water lost to the ocean

can reach 5,000 of/day or more. Although it is common to have some loss to the ocean

every year, during wet years losses can be great; in water year 1997-98, the District lost

approximately 270,000 of of Santa Ana River stormflows to the ocean.

Figure 4-10 shows the precipitation at San Bernardino, indicating the variation of

precipitation from year to year.

FIGURE 4-10

PRECIPITATION AT SAN BERNARDINO
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Figure 4-11 shows the amount of Santa Ana River stormflow recharged by the District

for the past eighteen years. Based on the data in this figure, an average of 50,000 afy
of stormflow has been captured and recharged. Precipitation in the form of snow

accumulating in the upper watershed's mountains usually allows for greater recharge as

snow melting over time provides a steady baseflow for recharge. Maximizing the

capacity to store stormwater at Prado Dam for groundwater recharge also aids OCWD's

efforts to maintain good water quality. stormwater usually has lower total dissolved

solids and nitrate concentrations than Santa Ana River baseflow, so blending
stormwater with other sources of recharge water improves water quality.

FIGURE 4-11

STORMFLOW RECHARGED IN THE BASIN
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4.2.2 Santiago Creek

Most of the natural flow of Santiago Creek is captured behind the impoundments
described earlier. Water released into the creek flows downstream and recharges into

the groundwater basin. Since 2000, OCWD has operated the Santiago Creek Recharge
Project. A permit from the SWRCB (permit 19325) allows OCWD to collect and store up
to 33,560 afy from Santiago Creek. Using controlled releases into the creek, up to

approximately 15 cfs is recharged between the Santiago Basins and Hart Park in the

City of Orange. In 2008, OCWD completed a project to grade the channel to smooth

out the channel bottom. Over time the creek flows became confined to a relatively small

notch in the channel. Removing this low-flow channel allowed water to spread out and

cover a larger surface area, which increased the recharge rate.

In 2008-09, three monitoring wells were constructed to assess recharge conditions and

water quality along Santiago Creek and the Santiago Basins. These wells will provide
important information regarding recharge from the creek and the Santiago Basins.
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4.2.2.1 Natural Recharge

Natural infiltration of recharge, also referred to as incidental recharge, occurs from

subsurface inflow from the local hills and mountains, infiltration of precipitation and

irrigation water, unmeasured recharge from small flood control channels, and

groundwater underflow to and from Los Angeles County and the ocean. Natural

incidental recharge occurs outside the District's control.

Net incidental recharge refers to the net amount of incidental recharge that occurs after

accounting for subsurface outflow to Los Angeles County. As described in Section 2,
an increase in the accumulated overdraft in the basin decreases the estimated amount

of outflow to Los Angeles County.

Estimated net incidental recharge and precipitation in Anaheim is shown in Figure 4-12.

On average, approximately 60,000 of of net incidental recharge occurs each year. In

very wet years such as 2004-2005, the amount of incidental recharge can be

100,000 afy or more.

The increase of impermeable surfaces reduces the amount of natural infiltration. New

industrial, commercial, and residential developments may divert storm flows into

channels that drain to the ocean instead of percolating into the ground. Decades of

development with the emphasis on flood protection have encouraged rapid, efficient

removal of stormwater. Concerns about the reduction in natural recharge as well as

water quality impacts from landscape irrigation runoff and storm flow have increased

interest in low-impact development (LID), the on-site capture and management of

runoff. Utilization of LID, such as dry-wells, swales, wetlands, and other engineered
systems can lead to an increase the rate of incidental recharge. Increasing infiltration,
however, could have negative impacts if percolation of poor quality water would

adversely impact the basin's water quality.

FIGURE 4-12
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4.2.3 Purified Water

OCWD has been purifying wastewater to recharge the basin since 1975. Water Factory-
21 ( WF-21), in operation from 1975 to 2004, purified treated wastewater to provide a

source for the Talbert Barrier. In 2008, the GWR System replaced WF-21 and began
operation to provide water for groundwater recharge in Anaheim as well as for the

Talbert seawater intrusion barrier.

4.2.3.1 Groundwater Replenishment System

The GWR System is a joint project of OCWD and the OCSD. The GWR System creates

a new source of recharge water that will increase the reliability and sustainability of local

groundwater supplies.

The GWR System augments existing groundwater supplies by producing up to

72,000 afy of purified water to recharge the basin and provide a reliable supply of water

for the Talbert Seawater Barrier. As shown in Figure 4-13, the GWR System consists of

three major components: (1) Advanced Water Treatment (AWT) facilities and pumping
stations, (2) a pipeline connection from the treatment facilities to existing recharge
basins, and (3) expansion of the Talbert Barrier.

FIGURE 4-13

GROUNDWATER REPLENISHMENT SYSTEM MAP
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Secondary-treated effluent from the OCSD Wastewater Reclamation Plant No. 1 in

Fountain Valley is pumped to the AWT facilities instead of to the ocean for disposal.
The advanced water purification plant purifies the water with microfiltration ( MF);
reverse osmosis (RO); and advanced oxidation processes (AOP), which consist of

ultraviolet (UV) and hydrogen peroxide (H2O2).

The first step in the tertiary treatment process is MF membrane treatment. MF is a low-

pressure membrane process that removes small suspended particles, protozoa,
bacteria and some viruses from the water. Sodium hypochlorite, a bleach solution, is
added to the MF feedwater to minimize MF membrane fouling.

Next, the MF filtrate is fed to the RO treatment system. Dissolved contaminants and

minerals, including dissolved organics, total dissolved solids, silica, and virus, are

removed in the RO treatment process.

The water then undergoes UV and H2O2 treatments. UV light penetrates the cell walls

of microorganisms, preventing replication and inducing cell death. This provides an

additional barrier of protection against bacteria and viruses. More importantly, UV with

H2O2 oxidizes organic compounds. At this point, the product water is so pure that it can

not be moved in conventional pipes. Small amounts of minerals are added back into

the water so that it is stable in the concrete pipes.

Although the GWR System is capable of producing 72,000 afy of water, the first year of

operation actually produced less than 45,000 of of water. Operation of the system is

limited by the supply of secondary-treated wastewater from OCSD. OCSD is in the

process of constructing a pump station, scheduled to be completed before the end of

2009, which will help provide additional flow into the GWR System. When the pump
station becomes operational, District staff expects to operate the GWR System to full

capacity.

In addition, OCSD anticipates that construction of an expansion to their secondary
treatment processes will be complete in late 2011. With this increase of available supply
of wastewater, OCWD plans to expand the GWR System. The initial expansion will be

designed to increase production by 17,000 to 20,000 afy of water.

4.2.3.2 Talbert and Alamitos Barriers

The GWR System is the primary source of water used for injection at the Talbert

Barrier. An additional source of water for the barrier is treated potable water purchased
from Metropolitan. Water for the Alamitos Barrier is supplied from two sources: imported
water from Metropolitan and purified wastewater purchased from the Water

Replenishment District of Southern California ( WRD) under a joint cost sharing
agreement with OCWD, as explained in Section 4.2.4.2.

4.2.4 Imported Water

Water purchased by OCWD for recharge comes from a number of sources. This

recharge water is also referred to as replenishment water, supplemental water or

imported water. Total annual recharge of imported water from 1937 to 2008 is shown in

Figure 4-14.
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Metropolitan provides untreated replenishment water to the District when excess

supplies are available. These supplemental supplies are an unreliable source of

recharge water as they are typically unavailable to purchase during droughts. OCWD

receives State Water Project (SWP) water from Northern California at a number of

locations. Water released through a connection in Claremont flows down San Antonio

Wash to Chino Creek, which drains into the Santa Ana River. Colorado River water can

be delivered via the Santa Ana River upstream of OCWD's main recharge basins. A

blend of SWP water and Colorado River waters can also be received directly into

Anaheim Lake.

The District typically has recharge capacity available to receive this water during the

summer/fall months. However, these supplies by nature are more frequently available

during the winter season, which is when the District's recharge facilities are being used

to capture and recharge Santa Ana River flows. The District can usually take between

50 cfs to 200 cfs (100 - 400 of/day) of direct replenishment water depending upon the

operating condition of the recharge facilities.

FIGURE 4-14

ANNUAL RECHARGE OF IMPORTED WATER FROM METROPOLITAN, 1950-2008
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4.2.4.1 Upper Watershed Imported Water

OCWD has historically entered into agreement with water agencies in the upper
watershed to pay for excess upper watershed water that the agencies pump into the

Santa Ana River that reaches Prado Dam. This water is captured for recharge in the

OCWD facilities. The sources listed here are only available when the supplying water
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agency has excess supplies. During times of drought, these sources become less

available.

The Arlington Desalter. When potable consumption does not match the

output of the Arlington Desalter in Riverside, the District may purchase the

excess water for groundwater recharge.

The Bunker Hill Basin groundwater pump out project in San Bernardino is a

cooperative project with the San Bernardino Valley Municipal Water District.

The project was constructed to mitigate the negative impacts of high
groundwater levels. Groundwater is pumped from the Bunker Hill Basin into

the Santa Ana River.

Western Municipal Water District provides to OCWD up to 7,000 afy of

recharge water when available. This water is discharged into the Santa Ana

River and is recharged into the groundwater basin in the District's recharge
system .

4.2.4.2 Alamitos Seawater Intrusion Barrier Source Water

The WRD manages groundwater for nearly four million residents in 43 cities of southern

Los Angeles County. The City of Long Beach, under contract with WRD, operates the

Leo J. Vander Lans Treatment Facility, an advanced water treatment facility that treats

effluent water from the Sanitation District of Los Angeles County using MF, RO, and UV

treatment. About 2.7 million gallons of purified water are blended with imported water

and pumped into the Alamitos Seawater Barrier.

4.2.4.3 In Lieu Replenishment Water

When recharge capacity is unavailable, OCWD can also receive replenishment water

via an In-lieu program. In-lieu recharge refers to the practice of increasing groundwater
storage by providing interruptible potable water supplies to a user who relies on

groundwater as a primary supply. This treated potable water is made available to

Producers who, in turn, use the supply in place of pumping an equal supply of

groundwater. This program is revenue neutral for Producers and helps recharge the

groundwater basin in a targeted manner.

4.3 Recharge Studies and Evaluations

The District has an ongoing program to assess enhancements in existing recharge
facilities, evaluate new recharge methods, and analyze potential new recharge facilities.

4.3.1 OCWD RECHARGE ENHANCEMENT WORKING GROUP (REWG)

The REWG is composed of staff from several departments that works to maximize the

efficiency of existing recharge facilities and evaluate new concepts to increase recharge
capacity. REWG, with staff from recharge operations, hydrogeology, engineering,
research and development, regulatory affairs, and the planning departments, meets on

a regular basis to review new data and evaluate potential new projects.
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Proposed projects, such as reconfiguration of existing basins, operational improvements
to increase flexibility in the management of the basins, alternative basin cleaning
methods, potential sites for new basins, and control of sediment concentrations, are

discussed and prioritized.

4.3.2 COMPUTER MODEL OF RECHARGE FACILITIES

OCWD is in the process of developing a computer model of the District's recharge
system in Anaheim and Orange. The model will simulate Prado Dam operations, Santa

Ana River flow, and each recharge facility in order to model how the recharge system
operates in conjunction with storage of water behind Prado Dam and flows from the

Santa Ana River. This planning tool will be used to evaluate various conditions including
estimating recharge benefits if new recharge facilities are constructed, existing facilities

are improved, increased storage is achieved at Prado Dam, or baseflow changes occur

in the Santa Ana River.

Output from the model will include

Amount of water in storage at Prado Dam and storage and recharge rates at

each recharge facility;

Amount of water that could not be recharged and the frequency of water loss to

the ocean;

Optimal amount of cleaning operations; and

Available (unused) recharge capacity.

The model will be constructed so that it can be operated by District staff from a desktop
personal computer using a graphical user interface.

4.4 Improvements to Recharge Facilities

The District regularly evaluates potential projects to improve the existing recharge
facilities and build new facilities. Changes to existing facilities may include:

improving the ability to transfer water from one recharge basin to another;

improving the ability to remove the clogging layer that forms on the bottom of the

recharge basins;

removing shallow low-permeability silt or clay layers that occur beneath recharge
basins

improving the shape or configuration of the basin to increase the infiltration rate

or ability to clean the basin; and

converting an existing underperforming recharge basin to a new type of recharge
facility.

The District also regularly evaluates building new facilities. This effort includes:

evaluating existing flood control facilities that could be utilized to increase

recharge;
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evaluating potential sites for purchase and subsequent construction of new

recharge facilities; and

evaluating potential dual-use sites, where a subsurface recharge system could

be built and remain compatible with the existing use, such as building a

subsurface infiltration gallery under a parking lot.

4.4.1 RECHARGE FACILITIES IMPROVEMENTS 2004-2008

The following projects were completed between 2004 and 2008 by OCWD to improve
recharge operations:

La Jolla Basin

OCWD purchased land along Carbon Creek east of Placentia Basin and west of

Kraemer Basin and constructed a new 6-acre recharge basin. Water is diverted

from Carbon Creek using a rubber dam. The six-foot deep basin can be easily
drained by gravity flow back to Carbon Creek when necessary for maintenance.

The basin was placed on line in 2008 and is expected to recharge as much as

9,000 afy.

Olive Basin Intake Structure Improvements

Prior to acquisition by OCWD, the Olive Basin was mined for sand and gravel. A

corrugated metal transfer tube was installed to convey Santa Ana River water

into the basin. However, this transfer tube was located mid-way up the side of the

basin and the flow discharging into the basin eroded the sidewalls, causing
sediment to rapidly clog the basin. Improvements that were completed in 2007

included the installation of a new transfer pipe and concrete box set at the bottom

of the basin to allow water to flow into the basin from the bottom.

Mini-Anaheim Recharge Basin Modifications

Improvements to this small basin made in 2005 increased the efficiency of

moving Santa Ana River water into the basin. A new pipeline also was

constructed to allow discharge of imported water directly into the basin.

Kraemer-Miller Basins Pipeline Improvements

An existing 48-inch pipe in Kraemer Basin was replaced due to the potential for

pipe failure that would have resulted in damage to adjacent property and a

reduction in recharge capacity from loss of ability to fill the basin. An inlet pipe
was installed in Miller basin.

Lincoln-Burris Exploratory Wells

Monitoring wells were constructed to characterize the ability of the natural

sediments along the west walls of Lincoln and Burris Basins to percolate water.

Data collected were used to support a feasibility study of re-contouring the Burris

Basin to allow periodic cleaning of the western side wall in order to increase

percolation rates.
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Warner Basin Dam

In order to clean Warner Basin, staff would construct an earthen dike to allow the

draining of the basin while simultaneously transferring water to Anaheim Lake,
Miller Basin, and Kraemer Basin. In 2007, a rubber dam was installed within the

finger channel of the Little Warner Basin to eliminate the need to build the

earthen dike each time the basin needed cleaning.

Santiago Creek Recharge Enhancement

The recharge capacity of Santiago Creek was increased by grading the creek

bed upstream of Hart Park in the City of Orange. Prior to grading, aloes-flow

channel developed in the channel bottom. Water flow was confined to this low-

flow channel, limiting the amount of groundwater recharge. The grading project
completed in 2008 created a flat cross-section allowing for flows to spread out

over a larger surface area, thereby increasing groundwater recharge.

4.5 Potential Projects to Expand Recharge Operations
The District's Long-Term Facilities Plan (2009) contains a list of potential new projects
to expand recharge operations. Projects that are included range from those in the

conceptual phase to those in the process of construction to improve operations of

recharge facilities and to increase the amount of water recharged into the groundwater
basin are described in this section.

Desilting Improvement Program

The build up of sediment in recharge basins decreases infiltration rates and

increases the need for basin cleanings. Approaches are being evaluated to

remove sediment from Santa Ana River water in order to increase the

performance of current recharge facilities. A feasibility study identified proposed
treatment systems for pilot testing.

Mid-Basin Injection

As the GWR System is expanded an increased supply of recharge water will be

available. In order to recharge this supply of water, amid-basin injection project
is being considered. This would involve using high quality GWR System water

for direct injection into the Principal aquifer in the central portions of the Basin. By
directly injecting water into the Principal aquifer where most of the pumping
occurs, low groundwater levels due to pumping can be reduced. Also, mid-basin

injection would reduce the recharge requirement in Anaheim and Orange area

recharge basins, thus providing more capacity to recharge Santa Ana River

water.

Santiago Creek Enhanced Recharge

Two improvements to Santiago Creek in the City of Orange are being considered

to enhance recharge capacity. One project consists of cutting a water

conveyance channel through aconcrete-lined creek channel to deliver a flow of

water downstream of Hart Park. The geology in this lower stretch of the creek is

being studied to determine if the recharge would be beneficial to the groundwater
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basin. The second project would investigate the feasibility of constructing three

small new recharge basins adjacent to Santiago Creek.

Subsurface Recharge

The subsurface recharge project would involve constructing horizontal recharge
systems beneath areas with existing improvements, such as parks or school

athletic fields. These infiltration galleries would allow percolation of recharge
water through perforated pipes buried in gravel-filled trenches. Since there is no

feasible way to clean the galleries, the source water would come from the GWR

System, treated Metropolitan water, or filtered Santa Ana River water.

Recharge Basin Rehabilitation

All of the recharge basins are subject to clogging due to the accumulation of

sediments contained in recharge water. To maintain recharge rates, the basins

are periodically drained, allowed to dry, and then mechanically cleaned using
heavy equipment. This process removes most of the clogging layer but also

removes a portion of the underlying layer of clean sand from the basin bottom.

Some of the fine-grained clogging material on the basin sides remains while the

bottom of the basin progressively deepens. Although cleaning procedures have

been improved to minimize the burial of fine-grained clogging material, previous
cleaning practices have left an irregular mantle of fine-grained material in the

upper one to two feet of some recharge basins. This may be remedied by over-

excavating and replacing removed sediments with clean sand.

Burris and Lincoln Basins Reconfiguration

Modifications to Burris and Lincoln Basins will improve recharge capability. Plans

include excavating low-permeability sediments from Lincoln Basin and the

northern end of Burris Basin, reconfiguring the conveyance of water into Burris

Basin, and expanding the size of Lincoln Basin. Also, a pilot transfer well will be

drilled to transfer groundwater from the Shallow Aquifer to the Principal Aquifer at

the southern end of Burris Basin.

Five Coves and Lincoln Basins Bypass Pipeline

Santa Ana River flows are diverted into the Upper Five Coves Basin by an

inflatable dam. Transfer pipes convey surface flows from the Upper Five Coves

to the Lower Five Coves Basin. Construction of a pipeline within the Lower and

Upper Five Coves, Lincoln, and Burris basins would allow water transfers

between the four basins. This would allow the Upper Five Coves, Lower Five

Coves, and Lincoln Basins to be isolated and taken out of service to conduct

cleaning operations, while maintaining flow of water to Burris and Santiago
Basins. In the current system, inflow to Burris Basin has to be terminated to

allow cleaning of the other four basins.

Santiago Basins Pump Station

A pump station was constructed to dewater the Santiago Basins to increase

storm flow capture and percolation, to make storage available for winter season

use, to provide water to the Santiago Creek for percolation, and to increase
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operational flexibility by pumping water back to Burris Basin when necessary.
Two of the four installed pumps failed to operate so the pump station needs to be

redesigned and rebuilt. Reconstructing a pump station for the basins will increase

recharge capacity and allow for more flexible and efficient operations.

Placentia and Raymond Basins Improvements

Improvements to Placentia and Raymond Basins that would increase the amount

of water recharged in these basins include construction of in-channel diversion

structures, modification of inlets to increase flows, installation of submersible

pumps, and addition of flow measuring devices, water level sensors, and

equipment to remotely control and record water levels and flows.

Santiago Basins Intertie

Constructing a connection between the Bond and Blue Diamond Basins would

allow greater flexibility in managing recharge water. Conveyance of water from

Blue Diamond Basin to Bond Basin is limited by a dirt berm that separates the

two basins. This berm traps approximately 1,500 of of water in Blue Diamond

Basin. Improvement would involve either removing a portion of the dirt berm or

installing a pipe within the berm between the two basins at the bottom elevation

of Blue Diamond Basin.

Olive Basin Pump Station

Improvements to Olive Basin will allow the basin to be drained more rapidly for

cleaning. Olive Basin does not have a dewatering pump. An intake structure

with a 36-inch diameter fill pipe was constructed to allow water to flow from the

Off-River System into the deepest part of the pit. This decreased the amount of

sediment stirred up in the basin, thereby increasing the recharge performance.
Installation of a pump station and drain pipe will allow for future draining of the

basin so that the basin can be cleaned quickly and restored to service.

Prado-Recharge Facilities Model

This project would create a mathematical model of Prado storage, Santa Ana

River flow, and each recharge facility. The model would simulate how the

recharge system operates in conjunction with Prado storage and the river. It is

anticipated that the model would have a time step of one day. The model would

allow the evaluation of changes in recharge that would occur if the District were

to construct improvements to existing facilities, build new recharge facilities, or

achieve increased levels of storage at Prado Dam.
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5 WATER QUALITY MANAGEMENT

Water quality protection is a basic tenet of OCWD. The District manages the

groundwater basin to protect water quality. This section describes the range of

programs conducted by OCWD throughout the watershed including:

Implementing OCWD's Groundwater Protection Policy;

Participating in water quality management programs in the watershed;

Managing levels of salinity and nitrate;

Restoring contaminated water supplies;

Developing programs to monitor constituents of emerging concern.

5.1 Groundwater Quality Protection

The District conducts an extensive program aimed at protecting the quality of the water

in the basin. These programs include groundwater monitoring, participating in and

supporting voluntary watershed water quality studies and regulatory programs, working
with groundwater producers, providing technical assistance, and conducting public
education programs.

5.1.1 OCWD GROUNDWATER QUALITY PROTECTION POLICY

OCWD adopted the Groundwater Quality Protection Policy in May 1987, in recognition
of the serious threat posed by groundwater contamination; passage was based on the

statutory authority granted under Section 2 of the District Act. The objectives of the

policy are to:

Maintain groundwater quality suitable for all existing and potential beneficial

uses;

Prevent degradation of groundwater quality;
Assist regulatory agencies in identifying the sources of contamination to

assure cleanup by the responsible parties;
Maintain or increase the basin's usable storage capacity; and

Inform the general public, regulatory agencies and Producers of the condition

of the groundwater basin and of water quality problems as they are

discovered.

Eight specific programs established to achieve these objectives are:

Water quality monitoring of surface and groundwater;

Identification, interim containment, and cleanup of contamination;

Coordinated operation with regulatory agencies;
Control of toxic residuals;
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Hazardous waste management planning;
Dissemination of technical information;
Public disclosure; and

Groundwater protection evaluation.

A key component of the policy describes circumstances under which the District will

undertake contamination cleanup activities at District expense. This becomes necessary
when contamination poses a significant threat and the party responsible for the

contamination cannot be identified, is unable to cleanup the contamination, or is

unwilling to cleanup the contamination. When appropriate to protect water quality in the

basin, OCWD provides financial incentives for Producers to pump and treat

groundwater that does not meet drinking water quality standards. These so-called

Basin Equity Assessment (BEA) Exemptions" are explained in Section 5.9.

5.1.2 WATER QUALITY TREATMENT GOALS FOR GROUNDWATER PROGRAMS

OCWD encourages clean up of groundwater to maximize beneficial use of

contaminated water in areas with high concentrations of TDS, nitrates, selenium, color,
organic compounds, and other constituents exceeding drinking water standards.

Treatment goals include:

State primary and secondary drinking water standards must be met when

water is used for potable supplies.
Treatment for irrigation water shall meet criteria necessary for the intended

beneficial use.

The District shall pursue payment or reimbursement of cleanup costs from the

responsible party when contamination originates from a known source.

5.1.3 REGULATION AND MANAGEMENT OF CONTAMINANTS

A variety of federal, state, county and local agencies have jurisdiction over the

regulation and management of hazardous substances and the remediation of

contamination of groundwater and drinking water supplies. For example, the County of

Orange Health Care Agency (OCHCA) regulates leaking underground fuel tanks except
in cases where the city is the lead agency.

OCWD does not have regulatory authority to require responsible parties or potential
responsible parties to clean up pollutants that have contaminated groundwater. In some

cases, the District has pursued legal action against entities that have contaminated the

groundwater basin to recover the District's remediation costs. In other cases, the District

coordinates and cooperates with regulatory oversight agencies that investigate sources

of contamination and assess the potential threat that the contamination poses to public
health and the environment in the Santa Ana River watershed and within the County of

Orange. Some of these efforts include:

Reviewing on-going groundwater cleanup site investigations and commenting
on the findings, conclusions, and technical merits of progress reports.

Providing knowledge and expertise to assess contaminated sites and

evaluating the merits of proposed remedial activities.



SECTION rJ WATER QUALITY MANAGEMENT

Conducting third party groundwater split samples at contaminated sites to

assist regulatory agencies in evaluating progress of groundwater cleanup
and/or providing confirmation data of the areal extent of contamination.

5.1.4 LAND USE AND DEVELOPMENT

Protecting groundwater from contamination protects public health and prevents loss of

valuable groundwater resources. Managing land use and planning for future

development are key management activities essential for protecting water quality and

reducing the risk of contamination.

OCWD monitors, reviews, and comments on environmental documents such as

Environmental Impact Reports (EIR), Notices of Preparation, proposed zoning changes,
and land development projects. District staff also review draft National Pollution

Discharge Elimination System (NPDES) and waste discharge permits issued by the

Santa Ana Regional Water Quality Control Board (RWQCB). The proposed projects and

programs may have elements that could cause short or long term water quality impacts
to source water used for groundwater replenishment or have the potential to degrade
groundwater resources. Monitoring and reviewing waste discharge permits provides the

District with insight on activities in the watershed that could affect water quality.

The majority of the basin's land area is located in a highly urbanized setting and

requires tailored water supply protection strategies. Reviewing and commenting on

stormwater permits adopted by the RWQCB for the portions of Orange, Riverside, and

San Bernardino Counties that are within the Santa Ana River watershed are important.
These permits can affect the quality of water in the Santa Ana River and other water

bodies, thereby impacting groundwater quality in the basin.

OCWD works with local agencies having oversight responsibilities on the handling, use,

and storage of hazardous materials; underground tank permitting; well abandonment

programs; septic tank upgrades; and drainage issues. Participating in basin planning
activities of the RWQCB and serving on technical advisory committees and task forces

related to water quality are also valuable activities to protect water quality.

5.1.5 DRINKING WATER SOURCE ASSESSMENT AND PROTECTION PROGRAM

To comply with federal Safe Drinking Water Act requirements regarding the protection
of drinking water sources, the California Department of Public Health (CDPH) created

the Drinking Water Source Assessment and Protection (DWSAP) program. Water

suppliers must submit a DWSAP report as part of the drinking water well permitting
process and have it approved before providing a new source of water from a new well.

OCWD provides technical support to Producers in the preparation of these reports.

This program requires all well owners to prepare a drinking water source assessment

and establish a source water protection program for all new wells. The source water

program must include: (1) a delineation of the land area to be protected, (2) the

identification of all potential sources of contamination to the well, and (3) a description of

management strategies aimed at preventing groundwater contamination. Managing
land use and planning for future development are key management activities essential
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for protecting, preventing, and reducing contaminant risks to future drinking water

supplies.

Developing management strategies to prevent, reduce, or eliminate risks of

groundwater contamination is one component of the multiple barrier protection of source

water. Contingency planning is an essential component of a complete DWSAP and

includes developing alternate water supplies for unexpected loss of each drinking water

source, by man-made or catastrophic events.

5.1.6 WELL CONSTRUCTION POLICIES

Wells constructed by the District are built to prevent the migration of surface

contamination into the subsurface. This is achieved through the placement of annular

well seals and surface seals during construction. Also, seals are placed within the

borehole annulus between aquifers to minimize the potential for flow between aquifers.

Well construction ordinances adopted and implemented by the OCHCA and

municipalities follow state well construction standards established to protect water

quality under California Water Code Section 231. To provide guidance and policy
recommendations on these ordinances, the County of Orange established the Well

Standards Advisory Board in the early 1970s. The five-member appointed Board

includes the District's Hydrogeologist. Recommendations of the Board are used by the

OCHCA and municipalities to enforce well construction ordinances within their

jurisdictions.

5.1.7 WELL CLOSURE PROGRAM FOR ABANDONED WELLS

A well is considered abandoned when either the owner has permanently discontinued

its use or it is in such a condition that it can no longer be used for its intended purpose.
This often occurs when wells have been forgotten by the owner, were not disclosed to a

new property owner, or when the owner is unknown. Past research conducted by
OCWD identified approximately 1,400 abandoned wells which were not properly closed.

Many of these wells may not be able to be properly closed due to overlying structures,
landscaping, or pavement. Some of them may pose a threat to water quality because

they can be conduits for contaminant movement as well as physical hazards to humans

and/or animals.

OCWD supports and encourages efforts to properly close abandoned wells. As part of

routine monitoring of the groundwater basin, OCWD will investigate on a case-by-case
basis any location where data suggests that an abandoned well may be present and

may be threatening water quality. When an abandoned well is found to be a significant
threat to the quality of groundwater, OCWD will work with the well owner to properly
close the well.

The City of Anaheim has a well destruction policy and has an annual budget to destroy
one or two wells per year. The funds are used when an abandoned well is determined

to be a public nuisance or needs to be destroyed to allow development of the site. The

city's well permit program requires all well owners to destroy their wells when they are

no longer needed. When grant funding becomes available, the city uses the funds to
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destroy wells where a responsible party has not been determined and where the well

was previously owned by a defunct water consortium.

5.2 Salinity Management

Increasing salinity is a significant water quality problem in many parts of the

southwestern United States and Southern California, including Orange County.
Elevated salinity levels can contaminate groundwater supplies, constrain

implementation of water recycling projects and cause other negative economic impacts
such as the need for increased water treatment by residential, industrial, commercial

users, and water utilities. Often a component of salinity, elevated levels of nitrates pose
a risk to human health.

5.2.1 SOURCES OF SALINITY

Salinity is a measure of the dissolved minerals in water. Also referred to as salts or

TDS, salinity is measured in the laboratory by evaporating a known volume of water to

dryness and measuring the remaining salts.

Dissolved minerals are composed of positively charged cations and negatively charged
anions. Principal cations include sodium, calcium, potassium, and magnesium. Key
anions are chloride, sulfate, carbonate, and bicarbonate. Water's hardness, related to

TDS, refers to the measure of divalent metallic cations, principally calcium and

magnesium.

High salinity and hardness limit the beneficial uses of water for domestic, industrial, and

agricultural applications. Hard water causes scale formation in boilers, pipes, and heat-

exchange equipment as well as soap scum and an increase in detergent use. This can

result in the need to replace plumbing and appliances and require increased water

treatment. Some industrial processes, such as computer microchip manufacturers, must

have low TDS in the process water and often must treat the municipal supply prior to

use. High salinity water may reduce plant growth and crop yield, and clog drip irrigation
lines.

In coastal areas, seawater intrusion can be a major source of increased salinity in

groundwater. Other identified sources of coastal groundwater salinity include connate

water (water trapped in the pores of the sediment at the time the sediments were

deposited) and brines disposed from past oil production.

5.2.2 REGULATION OF SALINITY

TDS is regulated by the EPA and the CDPH as a constituent that affects the aesthetic

quality of water - notably, taste. The recommended secondary MCLs for key
constituents comprising TDS are listed in Table 5-1.

At the state level, TDS levels in groundwater are managed by the SWRCB which

delegates this authority to the regional boards. The Santa Ana RWQCB salinity
management program was developed with extensive stakeholder input. The Santa Ana

Watershed is divided into management zones and allowable TDS levels are determined
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for each of those zones. The Orange County groundwater basin is divided into two

management zones as shown in Figure 5-1.

TABLE 5-1

SECONDARY DRINKING WATER STANDARDS FOR SELECTED CONSTITUENTS

Constituent Recommended Secondary MCL, mg/L

Total Dissolved Solids (salts) 500

Chloride 250

Sulfate 250

FIGURE 5-1
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To set the allowable levels of TDS for each management zone, historical ambient or

baseline conditions were determined. These were used by the RWQCB to set `Water

Quality Objectives" for each management zone, which were officially adopted as part of

the Water Quality Control Plan for the Santa Ana River Basin, also referred to as "the

Basin Plan." The levels of TDS in each groundwater management zone are measured

periodically and compared to the adopted objectives.

When a newly determined ambient level is equal to or greater than the established

objective, that management zone does not have an "assimilative capacity." This means

that the quality of the groundwater in that zone is determined to be incapable of

successfully assimilating increased loads of TDS without degrading the water quality.
Conversely, when an updated ambient level is lower than the established objective, that

management zone has an assimilative capacity and is determined to be capable of

receiving modest inputs of TDS without exceeding the Water Quality Objective.

The Water Quality Objectives and ambient quality levels for the two Orange County
management zones are shown in Table 5-2. Comparing the ambient water quality to

the TDS objectives indicates that neither one of these zones have assimilative capacity
for TDS.

TABLE 5-2

TDS WATER QUALITY OBJECTIVES FOR LOWER SANTA ANA RIVER

BASIN MANAGEMENT ZONES

Management Zone Water Quality Objective Ambient Quality (mg/L)
mg/L)

Orange County 580 590

Irvine 910 920

Wildermuth, 2008)

5.2.3 SALINITY IN THE GROUNDWATER BASIN

As explained in Section 3, OCWD monitors the levels of TDS in wells throughout the

groundwater basin. Figure 5-2 shows the average TDS at production wells in the basin

for the period of 2004 to 2008. In general, the portions of the basin with the highest
TDS levels are located in areas of Irvine, Tustin, Yorba Linda, Anaheim and Fullerton. In

addition, there is a broad area in the middle portion of the basin where the TDS

generally ranges from 500 to 700 mg/L. Localized areas near the coast, where water

production does not occur, contain relatively higher TDS concentrations.

Managing salinity levels in the basin and in recharge water is an important objective for

the District. As explained in Section 4, water that recharges the Orange County
groundwater basin includes:

Santa Ana River baseflow and stormflow,
Groundwater Replenishment System water, and

Incidental recharge, including precipitation and irrigation return flows.
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FIGURE 5-2

TDS IN GROUNDWATER PRODUCTION WELLS
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Understanding the sources of salt and measuring the concentrations of TDS in each of

the recharge sources is an important aspect in managing salinity. Table 5-3 presents
the estimated salt inflows for the basin using average recharge volumes.

The inflows used here are the same as those used in calculating the basin water budget
as explained in Section 2.3 and displayed in Table 2-2. TDS concentrations for the

inflows were based on flow and water quality data collected by the District and the

USGS. The Talbert injection barrier was calculated with the assumption that barrier

water is from the GWR System and the Alamitos injection barrier was calculated using
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the assumption that injection water is a 50:50 blend of recycled water and imported
water.

The flow-weighted TDS of local incidental recharge of 1,100 mg/L was calculated using
estimates of the TDS concentration of each component listed in Table 2-2. For

subsurface inflow and recharge from the foothills, the TDS concentration was estimated

using data from the closest nearby wells.

As shown in Table 5-3, the District estimates that the flow-weighted average inflow TDS

concentration is 536 mg/L. It is important to note that the TDS concentration of GWR

System water is 60 mg/L. OCWD anticipates that over time the use of GWR System
water for Talbert Barrier operations and groundwater recharge will have a positive
impact on the salt balance of the groundwater basin.

TABLE 5-3

SALT INFLOWS FOR ORANGE COUNTY AND IRVINE MANAGEMENT ZONES

Inflow TDS Salt

afy) ( mg/L) ( tons/yr)

Recharged SAR Baseflow 148,000 620 125,000

Recharged SAR Stormflow 50,000 200 14,000

GWR System water recharge in
37,000 60 3,000

Anaheim

Unmeasured Recharge (Incidental) 69,000 1,100 104,000

Injection Barriers

Talbert 35,000 60 2,900

Alamitos 2,500 350 1,200

Total: 341,500

Flow weighted

536* 250,100

Figure 5-3 illustrates TDS concentrations through time at a well in Santa Ana. The

location of well SA-16 is shown on Figure 5-2. The TDS concentration at well SA-16

increased from approximately 200 to 300 mg/L in the mid-1960s to approximately
600 mg/L by the mid-1980s. From the mid-1980s to 2008, the TDS concentration varied

between 500 to 700 mg/L.
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FIGURE 5-3

TDS IN A POTABLE SUPPLY WELL (SA-'I6/'I~

Recommended Secondary Drinking
Water Standard TDS = 500 mg/L

Well location: Santa Ana Pressure Area

Well screen perforated interval: 305 to 950 feet bgs

1960 1965 1971 1976 1982 1987 1993 1998 2004 2009

Sample Date

5.2.4 ECONOMIC IMPACTS OF INCREASING SALINITY

Increasing salinity of water supplies directly impacts consumer costs. A technical

investigation of salinity impacts on water supplies of Southern California was published
in 1999 by the United States Department of Interior, U.S. Bureau of Reclamation and

the Metropolitan Water District of Southern California. The Salinity Management Study
assessed economic impacts of salinity increases in Colorado River water and State

Water Project water. The model was developed to account for regional differences in

water deliveries, demographics, TDS concentrations, and average water use per
household or by agriculture or industry.

The study estimated a regional economic benefit of $95 million per year (calculated in

1998 dollars) fora 100 mg/L decrease in imported water supply TDS in the Metropolitan
region. Conversely, a 100 mg/L increase in TDS would increase consumer costs by
95 million annually as shown in Figure 5-4. Approximately $18 million annually would

be realized in cost savings for groundwater supplies. Residential cost savings were

estimated at $35 million per year. Figure 5-5 shows $64 million of benefits if most local

groundwater (about 90 percent) and wastewater (about 80 percent) were to experience
a 100 mg/L decrease in salinity.
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FIGURE 5-4

ANNUAL ECONOMIC BENEFITS OF 'I OO MG/L SALINITY DECREASE IMPORTED WATER SUPPLIES
Source: MWD and Bureau of Reclamation Salinity Management Study (1999)

Recycled Water

5 Million

Residential

35 Million

Groundwater

X18 Million

cultural

14 Million

FIGURE 5-5

ANNUAL ECONOMIC BENEFITS OF 'I OO MG/L SALINITY DECREASE GROUNDWATER

AND WASTEWATER

Recycled Water

9 Million

Residential

21 Million

Commercial

7 Million

Groundwater

14 Million

Utilities

8 Million

Utilities

6 Million

Agricultural
4 Million

Industrial

3 Million

Source: MWD and Bureau of Reclamation Salinity Management Study (1999)

Table 5-4 summarizes the economic benefits to water users from salinity reduction.

Cost savings include reduced need to construct desalting facilities and greater
compliance of wastewater discharges with permit requirements. Residential consumer

cost savings would be realized in longer lifespan for appliances and plumbing as well as

the reduced need for water softening devices.

Commercial Industrial

10 Million $ 5 Million
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TABLE 5-4

SUMMARY OF ECONOMIC BENEFITS OF REDUCED SALINITY

User Economic Benefit

Increased life of plumbing system and appliances
Residential

Reduced use of bottled water and water softeners

Decreased cost of water softening

Commercial Decreased use of water for cooling

Increased equipment service life

Decreased cost of water treatment

Industrial Decreased water usage

Decreased sewer fees

Increased crop yield
Agricultural

Decreased water usage for leaching purposes

Utilities Increased life of treatment facilities and pipelines

Improved wastewater discharge requirements for permit compliance
Groundwater

Decreased desalination and brine disposal costs

Decreased use of imported water for salt management
Recycled Water

Decreased desalination and brine disposal costs

MWD/USBR 1999 Salinity Management Study

5.2.5 SALINITY MANAGEMENT PROJECTS IN THE UPPER WATERSHED

The District has along-standing commitment to management of salinity in groundwater
supplies, avoiding the loss of water supplies due to increased salinity, and developing
projects to reduce salinity are District priorities. Since the Santa Ana River is the primary
source of recharge water for the basin, salt management programs in the upper
watershed are vital to protect the water quality in Orange County; success in this regard
requires participation and cooperation of upper Santa Ana watershed stakeholders.

Several desalters, which are water treatment plants designed to remove salts, have

been built in Riverside and San Bernardino Counties. These plants are effectively
reducing the amount of salt buildup in the watershed. The Santa Ana Regional
Interceptor (SARI), built by the Santa Ana Watershed Project Authority (SAWPA),
began operation in 1975 to remove salt from the watershed by transporting industrial

wastewater and brine produced by desalter operations directly to the OCSD for

treatment. Approximately 75,000 tons of salt were removed by the SARI line in

FY 2006-07.



SECTION rJ WATER QUALITY MANAGEMENT

The other "brine line" in the upper watershed, the Non-reclaimable Waste Line in the

Chino Basin operated by the Inland Empire Utilities Agency (IEUA), segregates high
TDS industrial wastewater.

5.2.6 OCWD SALINITY MANAGEMENT AND REMEDIATION PROGRAMS

Within Orange County, operations of the GWR System and several local and regional
groundwater desalters are working to reduce salt levels.

The GWR System, described in Section 4.2, purifies wastewater that is used for

groundwater recharge and for injection into the Talbert Barrier to prevent seawater

intrusion. The GWR System provides a dependable supply of low salinity water, whose

quantity and quality will not be impacted by future drought conditions. The GWR System
is expected to reduce the basin salt load by approximately 48,000 tons/year, based on

the difference between recharging 72,000 afy of GWR System water at 60 mg/L and an

equal amount of imported blended Colorado River and SPW water at 550 mg/L.

High salinity groundwater areas located in Tustin and Irvine are being treated through
the operation of desalter plants; these projects are described in Section 5.8.

5.2.7 SEAWATER INTRUSION BARRIERS

OCWD's Talbert Barrier is composed of a series of injection wells that span the

2.5-mile-wide Talbert Gap between the Newport and Huntington mesas ( see
Figure 3-9). From 1975 until 2004, a blend of purified water from OCWD's WF-21, deep
aquifer water, and imported potable water was injected into the barrier. The Talbert

Barrier wells were used to inject an average of 12 mgd of water into four aquifer zones

to form a hydraulic barrier to seawater that would otherwise migrate inland toward areas

of groundwater production.

The GWR System began operations in January 2008 to better control seawater

intrusion as well as to recharge the coastal aquifers. Twelve new wells enable injection
of up to 35 mgd of purified water into the expanded injection barrier.

Figure 5-6 shows the total flow-weighted average of TDS levels of the Talbert Barrier

Injection Water. Prior to 2004, injection water was a blend of imported water, WF-21

purified water, and deep aquifer water. During the time that WF-21 was

decommissioned and the GWR System was in construction, a blend of imported water,

potable water, and deep aquifer water was injected into the barrier. In 2007, only
treated, imported water was used resulting in a flow weighted average TDS of Talbert

Barrier injection water of 477 mg/L. With 84 percent of injection water supplied by the

GWR System, the flow weighted average for 2008 dropped to 117 mg/L.
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FIGURE 5-6

TALBERT BARRIER INJECTION WATER -TOTAL DISSOLVED SOLIDS (TDS)
Total Flow Weighted Average TDS of All Source Waters
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The Alamitos seawater intrusion barrier is composed of a series of injection wells that

span the Los Angeles/Orange County line in the Seal Beach-Long Beach area. It is

operated by the LACDPW in cooperation with OCWD and the WRD. The source of this

water is a blend of purified water from WRD and potable supplies from Metropolitan.

5.3 Nitrate Management
Nitrate is one of the most common and widespread contaminants in groundwater
supplies. OCWD conducts an extensive program to protect the basin from nitrate

contamination. The District regularly monitors nitrate levels in groundwater, operates
465 acres of wetlands in the Prado Basin to remove nitrates in Santa Ana River water,
and works with Producers to treat individual wells when nitrate levels exceed safe

levels.

5.3.1 SOURCES OF NITRATES

Nitrogen is an element essential for plant growth; in the environment it naturally
converts to nitrate. Nitrate is anitrogen-oxygen ion (N03) that is very soluble and

mobile in water. Elevated levels of nitrate in soil and water supplies originate from

fertilizer use, animal feedlots, wastewater disposal systems, and other sources. Plants

and bacteria break down nitrate but excess amounts can leach into groundwater; once

in the groundwater, nitrate can remain relatively stable for years.

1975 1980 1985 1990 1995 2000 2005 2010
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The primary concern for human health is not nitrate but its conversion to nitrite (N02) in
the body. Nitrite oxidizes iron in the hemoglobin of red blood cells to form

methemoglobin, depriving the blood of oxygen. This is hazardous to infants as they do

not yet have enzymes in their blood to counteract this process. They can suffer oxygen

deficiency called methemoglobinemia, commonly known as " blue baby syndrome"
named for its most noticeable symptom of bluish skin coloring.

5.3.2 REGULATION OF NITRATE

Both federal and state agencies regulate nitrate levels in water. The EPA and CDPH set

the MCL in drinking water at 10 mg/L for nitrate-nitrogen. The Santa Ana Watershed is

divided into management zones with nitrate-nitrogen water quality objectives set for

each of those zones. These levels are determined after considering historical ambient

or baseline conditions. Water quality objectives and ambient quality levels for Orange
County's management zones are shown in Table 5-5. The main Orange County basin

has a minor amount of assimilative capacity but the Irvine subbasin has none. Efforts to

reduce nitrate levels in the Irvine subbasin are described in Section 5.8.

TABLE 5-5

NITRATE-NITROGEN WATER QUALITY OBJECTIVE FOR LOWER SANTA ANA RIVER

BASIN MANAGEMENT ZONES

Management Zone Water Quality Objective Ambient Quality

Orange County 3.4 mg/L 3.0 mg/L

Irvine 5.9 mg/L 6.5 mg/L

Source: Recomputation of Ambient Water Quality for the Period 1987 to 2006 prepared by Wildermuth Environmental,

August 2008.

5.3.3 OCWD NITRATE MANAGEMENT AND REMEDIATION PROGRAMS

One of the District's programs to reduce nitrate levels in the groundwater basin is

managing the nitrate concentration of water recharged by the District's facilities. This

includes managing the quality of surface water flowing to Orange County through Prado

Dam. As explained in Section 4, the primary source of recharge water for the

groundwater basin is the Santa Ana River. To reduce the level of nitrate entering
Orange County from the Santa Ana River, OCWD operates an extensive system of

wetlands in the Prado Basin as shown in Figure 4-3.

OCWD diverts river flows through a 465-acre system of constructed wetlands, shown in

Figure 5-7, where nitrates are naturally removed from the water. The wetlands provide a

natural treatment system that removes approximately 15 to 40 tons of nitrates a month

depending on the season. The wetlands are more effective from May through October

when the water temperatures are warmer. During summer months the wetlands reduce

nitrate from nearly 10 mg/L to 1 to 2 mg/L. In 2004-05, the wetlands were damaged by
flooding. The wetlands were reconstructed and placed back in service in 2008.
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All production wells are tested annually for nitrate; wells with concentrations equal to or

greater than 50 percent of the MCL are monitored on a quarterly basis. Areas where

nitrate concentrations exceed the MCL are shown in Figure 5-8.

FIGURE 5-7
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Within Orange County, nitrate-nitrogen levels in groundwater generally range from 4 to

7 mg/L in the Forebay area and from 1 to 4 mg/L in the Pressure area. Ninety-eight
percent of the drinking water wells meet drinking water standards for nitrate-nitrogen as

shown in Figure 5-9. The two percent above MCL are treated to reduce nitrate levels

prior to being served to customers. Areas in the basin where nitrate levels exceed the

MCL are suspected to be impacted by historical fertilizer use.

OCWD works with the Producers to address areas of high nitrate levels. The Tustin

Main Street Treatment Plant, described in Section 5.8, is an example of such an effort.

FIGURE 5-9

PERCENT OF WELLS MEETING THE DRINKING WATER STANDARD (MCL)
ZOOT AVERAGE NITRATE DATA

2% Wells do not

meet the drinking
water standard for

nitrates

Wells are treated to

reduce nitrate to

levels meeting the

standard before

served to customers

98% Wells meet the

drinking water ^
Meet MCL

standard for nitrate ^
Exceed MCL

Nitrate-Nitrogen (N03-N) MCL = 10 mg/L

5.4 Colored Groundwater Management
This section discusses the occurrence of colored groundwater, the challenges of

developing colored water sources, and production processes used to treat colored

water.

5.4.1 OCCURRENCE OF COLORED WATER IN THE BASIN

Colored water is found in deep aquifers (600-2000 feet) over a broad region in the

Lower Main aquifer, as shown in Figures 5-10 and 5-11. Natural organic material from

ancient redwood forests and peat bogs gives the water an amber tint and a sulfur odor.

Although colored water is of very high quality, negative aesthetic qualities, its color and

odor, require treatment before use as drinking water.
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FIGURE 5-10

CROSS-SECTION OF AQUIFERS SHOWING COLORED WATER AREAS
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The total amount of colored groundwater is estimated to be over one million acre feet,
perhaps as much as several million acre feet. Economic constraints pose challenges to

developing colored water supplies as the water needs to be treated to remove the color

and odor. Costs depend on the water quality (color and other parameters) and the type
and extent of required treatment.

An additional factor that must be considered is the impact of water levels in the clear

zone compared to water levels in the deeper aquifers with colored water. Monitoring
wells reveal a correlation of clear/colored zone water level fluctuations, indicating a fairly
strong hydrologic connection between the two zones in some areas of the basin. Three

facilities currently treat colored groundwater in Orange County. Mesa Consolidated

Water District (MCWD) has operated an ozone oxidation treatment facility since 1985 at

its Well No. 4 site. In 2001, MCWD opened its Colored Water Treatment Facility
CWTF) using ozone treatment to produce 4,000 gallons per minute. The third facility is

the Deep Aquifer Treatment System (DAYS), a treatment facility using nano-filtration

membranes operated by IRWD since 2002. This facility purifies 7.4 mgd of colored

water.
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FIGURE 5-11
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5.5 Synthetic Organic Contaminants

Ninety-five percent of the basin's groundwater used for drinking water supplies is

pumped from the main aquifer. Water from this aquifer continues to be of high quality.
This section describes areas of the basin that are experiencing contamination threats,
most of which occur in the shallow aquifer.

5.5.1 METHYL TERTIARY BUTYL ETHER (MTBE)

During the 1980s, gasoline hydrocarbons of greatest risk to drinking water were

benzene, toluene, ethylbenzene, and xylenes, collectively known as BTEX chemicals.
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Although leaking underground fuel tanks were identified throughout the basin, these

chemicals typically were degraded by naturally-occurring microbes that allowed clean

up by natural attenuation or passive bioremediation.

Unfortunately, a new additive to gasoline aimed at reducing air pollution has become a

widespread contaminant in groundwater supplies. Methyl tertiary butyl ether (MTBE) is
a synthetic, organic chemical that was added to gasoline to increase octane ratings
during the phase-out of leaded gasoline. In the mid-1990s, the percentage of MTBE

added to gasoline increased significantly to reduce air emissions. MTBE is a serious

threat to groundwater quality; it sorbs weakly to soil and does not readily biodegrade.
The greatest source of contamination comes from releases from underground fuel

tanks.

The State of California banned the use of the additive in 2004 in response to its

widespread detection in groundwater throughout the state. The CDPH set the primary
MCL for MTBE in drinking water at 13 pg/L. The secondary MCL for MTBE is 5 pg/L.

Drinking water wells in the basin are tested annually for VOC analytes including MTBE.

The District continues to work with local water agencies to monitor for MTBE and other

fuel-related contaminants to identify areas that may have potential underground storage
tank problems and releases resulting in groundwater contamination.

5.5.2 VOLATILE ORGANIC COMPOUNDS

VOCs in groundwater come from a number of sources. From the late 1950s through
early 1980s, VOCs were used for industrial degreasing in metals and electronics

manufacturing. Other common sources include paint thinners and dry cleaning solvents.

VOC contamination is found in several locations in the basin. In 1985, a contamination

site was discovered beneath the former EI Toro MCAS. Monitoring wells at the EI Toro

site installed by the U.S. Navy and OCWD delineated aone-mile wide by three-mile

long VOC plume, comprised primarily of trichloroethylene (TCE). Beneath the former Air

Station, VOC contamination was primarily found in the shallow groundwater up to 150

feet below the ground surface. Off-base, to the west, the VOC plume is in deeper
aquifers from 200 to 600 feet deep.

Another VOC contamination site was found in portions of the shallow aquifer in the

northern portion of the Orange County in the cities of Fullerton and Anaheim. Although
not directly used for drinking water supplies, groundwater in the shallow aquifer
eventually flows into the deeper principal aquifer, which is used for potable water

supplies. To date, two city of Fullerton production wells have been removed from

service and destroyed due to VOC contamination in that area. Currently, there are no

production wells in that area that extract water from the shallow aquifer. The North

Basin Groundwater Protection Project, described in Section 5.8, was initiated in 2005 to

clean up the groundwater in this portion of the basin.

Elevated concentrations of perchloroethylene ( PCE), TCE, and perchlorate were

detected in IRWD's well No. 3, located in Santa Ana. OCWD is currently working with

the Regional Board and the California Department of Toxic Substances Control to

require aggressive cleanup actions at nearby sites that are potential sources of the
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contamination. OCWD has initiated the South Basin Groundwater Protection Project
described in Section 5.8 to address this contamination.

5.5.3 N-NITROSODIMETHYLAMINE (NDMA)

NDMA is a low molecular weight compound that can form in influent water entering
wastewater treatment plants and after chlorine disinfection of wastewater. It is also

found in food products such as cured meat, fish, beer, milk, and tobacco smoke. OCWD

is monitoring NDMA levels in the groundwater basin. The California Notification Level

for NDMA is 10 nanograms per liter (ng/L). The concentration of NDMA is typically less

than 2 ng/L in the Santa Ana River at Imperial Highway. At OCWD's GWR System in

Fountain Valley, NDMA concentrations are maintained below California's Notification

Level through a combination of source control measures, reverse osmosis treatment,
and advanced oxidation treatment using ultraviolet light and hydrogen peroxide.

5.5.4 1,4-DIOXANE

A suspected human carcinogen, 1,4-dioxane, is used as a solvent in various industrial

processes such as the manufacture of adhesive products and membranes and may
occur in consumer products such as detergents, cosmetics, pharmaceuticals, and food

products.

In 2002, OCWD detected elevated levels of 1,4-dioxane in nine production wells

exceeding the California Action Level. These wells were temporarily shutdown with a

loss of 34 mgd of water supply. Further investigation traced the contaminant to one

industrial discharger that was discharging 1,4-dioxane into wastewater collected by
OCSD. This discharge was affecting water that was treated by WF-21 and injected into

the Talbert Seawater Barrier. The discharger voluntarily ceased discharge of

1,4-dioxane and concentrations declined. Additional monitoring data showed low

concentrations, the CDPH determined that the water was not a significant risk to health,
and the wells were returned to service.

5.6 Perchlorate

Perchlorate has been detected at wells distributed over a large area of the groundwater
basin. Based on data from 217 active production wells over the last three years and a

detection limit of 2.5 micrograms per liter, perchlorate was not detected at 83 percent of

the wells. Seventeen percent of the wells had detectable concentrations of perchlorate.
For those wells with detectable amounts of perchlorate, 89 percent of the wells have

detected perchlorate concentrations below the California primary drinking water

standard of 6 micrograms per liter. Four of the 217 active production wells had

perchlorate concentrations greater than 6 micrograms per liter. It is important to note

that water delivered for municipal purposes meets the primary drinking water standard.

Groundwater from production wells that have perchlorate concentrations over the

primary drinking water standard is treated to reduce the perchlorate concentration below

the primary drinking water standard prior to delivery for municipal usage.

Sources of perchlorate in the groundwater basin may include:

Fertilizer application;
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Water imported from the Colorado River (through the use of Colorado River

water for groundwater recharge, irrigation, or water supplies that impact the

groundwater basin through onsite wastewater disposal systems);
Industrial or military sites that used, disposed of, or stored perchlorate.
Perchlorate has historically been used as an ingredient in rocket propellant,
explosives, fireworks, and road flares; and

Naturally occurring perchlorate (e.g., perchlorate in rainfall).

The occurrence of perchlorate in Chilean fertilizer applied for agricultural purposes has

been documented in various studies ( see for example, the discussion in the

December 1, 2006 publication of the journal Analytical Chemistry (Foubister, 2006); see

also Urbansky et al (2001)).

The occurrence of perchlorate in historic supplies of Colorado River water has been

documented in published studies (see for example, the report published by the National

Research Council in 2005 titled "Health Implications of Perchlorate Ingestion" (National
Research Council, 2006); see also Urbansky et al (2001)). Due to source remediation

efforts near Henderson, Nevada, the concentration of perchlorate in Colorado River

water has decreased (Nevada Division of Environmental Protection, 2009).

Perchlorate has been detected in groundwater at various sites in California in

association with industrial or military sites (Interstate Technology & Regulatory Council,
2005). Perchlorate has been detected in rainfall (see for example, the report published
by the Interstate Technology & Regulatory Council, 2005 and Dasgupta et al (2005)).

The District's ongoing monitoring program is continuing to assess the distribution of

perchlorate in the groundwater basin and how concentrations change through time.

The District regularly reviews this information and will continue to work with the

stakeholders to address this issue.

5.7 Constituents of Emerging Concern

Constituents of emerging concern are synthetic or naturally occurring substances

chemicals and microorganisms) that are not regulated but may have negative impacts
on the environment and/or human health. The newest group of constituents of emerging
concern includes pharmaceuticals, personal care products, and endocrine disruptors.

Pharmaceuticals and personal care products (PPCPs) include thousands of chemicals

contained in consumer and health related products such as drugs (prescription and

over-the-counter), food supplements, fragrances, sun-screen agents, deodorants,
flavoring agents, insect repellants, and inert ingredients. Important classes of high use

prescription drugs include antibiotics, hormones, beta-blockers ( blood pressure

medicine), analgesics ( pain-killers), steroids, antiepileptic, sedatives, and lipid
regulators.

Endocrine Disrupting Compounds ( EDCs) are compounds that can disrupt the

endocrine system. They can occur in a wide variety of products such as pesticides and

pharmaceuticals. Research investigations have documented that EDCs can interfere

with the normal function of hormones that affect growth and reproduction in animals and
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humans. Findings of secondary sex changes, poor hatching, decreased fertility, and

altered behavior have been observed in fish following exposure to EDCs.

In general, these substances have been identified as a pollution threat or were

previously detected in the environment. As new laboratory methods are developed,
substances can be detected at much lower concentrations. When such detection occurs

before regulatory limits are established and potential human health effects are still

unknown, water suppliers and health officials face new challenges. In some cases,

public awareness and concern is high because the compounds are detected but

scientific-based information on potential health impacts of such low concentrations is

not available.

Water quality concerns arise from the widespread use of PPCPs and EDCs. In most

cases, the impacts on human health from exposure to low concentrations of these

substances are not known. European studies in the 1990s confirmed the presence of

some of these chemicals in the less than one microgram per liter range (ppb) in surface

waters and groundwater and at low concentrations in wastewater treatment plant
effluents.

A USGS report found detectable concentrations of hormones and PPCPs in many
vulnerable waterways throughout the United States (Kolpin 2002). Due to the potential
impact of EDCs on future water reclamation projects, the District prioritizes monitoring
of these chemicals.

OCWD's state-certified laboratory is one of a few in the state that has a program to

continuously develop capabilities to analyze for new compounds. Recognizing that the

state CDPH has limited resources to focus on methods development, OCWD works on

developing low detection levels for chemicals likely to be targeted for future regulation
or monitoring.

OCWD advocates the following general principles as water suppliers and regulators
develop programs to protect public health and the environmental from adverse effects of

these emerging contaminants:

Monitoring should focus on constituents that pose the greatest risk.

Constituents that are prevalent, persistent in the environment, and may occur

in unsafe concentrations should be prioritized.

Analytical methods to detect these constituents should be approved by the

state or federal government.
Studies to evaluate the potential risk to human health and the environment

should be funded by the state or federal government.
The state and federal government should encourage programs to educate the

public on waste minimization and proper disposal of unused pharmaceuticals.

OCWD is committed to (1) track new compounds of concern; (2) research chemical

occurrence and treatment; (3) communicate closely with CDPH on prioritizing
investigation and guidance; (4) coordinate with OCSD, upper watershed wastewater

dischargers, and regulatory agencies to identify sources and reduce contaminant

releases; and (5) inform the Producers on emerging issues.
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5.8 Groundwater Quality Improvement Projects
This section describes specific projects that improve groundwater quality by removing
TDS, nitrate, VOCs and other constituents as shown in Figure 5-12. Two water quality
improvement projects discussed in the 2004 Groundwater Management Plan are no

longer in operation. The Fullerton Iron and Manganese Removal Project was

determined to be ineffective due to well capacity limitations. The Orange TCE project
operated only on a temporary basis and has been permanently shut down.

FIGURE 5-12

WATER QUALITY IMPROVEMENT PROJECTS
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5.8.1 NORTH BASIN GROUNDWATER PROTECTION PROJECT (NBGPP)
In accordance with OCWD's groundwater cleanup policy, the District is implementing
the NBGPP to protect drinking water supplies and the beneficial use of groundwater.
OCWD has constructed five wells specifically to remove and contain contaminated

groundwater in the shallow aquifer. Additional extraction wells may be needed. OCWD

will also construct pipelines to bring the contaminated groundwater to a centralized

treatment plant where the contaminants will be removed. The purified water will then be

re-injected back into the shallow aquifer. An overview of the VOC plumes and the

NBGPP is shown in Figure 5-13. OCWD has initiated legal action against the parties
responsible for contamination to seek cost recovery so that the public does not have to

pay for this project.

FIGURE 5-13

NORTH BASIN GROUNDWATER PROTECTION PROJECT

W CHAPMAN Ay ~ ' E CHAPMp7J AV

W MMLYH~WEALTH AV E COMNIOM E

CkAAMAHAY
r

AL4H AV

C

EW-2A E
a Q V ~

o

6 Q

EW- ~ 
y

EW-3A
v s av

Tentative EW-3 Ho~~
CIRAHGETHdR f AV LDGatIDnJ G~

Q TREATMENT RLANT ~
AND VICINITY iDF
INJECTfDN WELLS

a

I~
a

m
I

W

yC7

W LA PALMA AV 4S
J

E LA PALMA AV p
O

u % m ~
Z p H

z

r
s

VOCs ~ 10X h9CL

VOCs 3 5X MCL to 30X MCL Composite VDC Plume Map {October 2QU8) and

Cmntainment Syskem Layaut {updated January 2G09}
oVC3C5 ~ MCL tp aH MCL a.~ 1616tes

S Active Large Production Well
MpFd7H BASIN GRUUN~WATER PR{77EGTIpP1 PR pJECT

5.8.2 SOUTH BASIN GROUNDWATER PROTECTION PROJECT (SBGPP)
The District has initiated the SBGPP, a project similar to the NBGPP, to protect drinking
water supplies in the south part of the Orange County groundwater basin. OCWD

constructed six tri-nested monitoring wells to investigate the extent of VOC-

contaminated groundwater in the Shallow Aquifer. Delineation of the contaminated

groundwater will likely involve more than one phase of investigation. If "hot spots" or

contaminated plumes are identified, the SBGPP may include comprehensive
remediation systems to contain and remove the contamination similar to the NBGPP or
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localized interim remedial measures. The study area for the SBGPP is shown in

Figure 5-14.

FIGURE 5-14

SOUTH BASIN GROUNDWATER PROTECTION PROJECT
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5.8.3 MTBE REMEDIATION

In 2003, OCWD filed suit against numerous oil and petroleum-related companies that

produce, refine, distribute, market, and sell MTBE and other oxygenates. The suit seeks

funding from these responsible parties to pay for the investigation, monitoring, and

removal of oxygenates from the basin.

Treatment technologies used to remove MTBE from groundwater include granular
activated carbon ( GAG) or advanced oxidation. Depending upon site-specific
requirements, a treatment train of two or more technologies in series may be
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appropriate (i.e., use one technology to remove the bulk of MTBE and afollow-up
technology to polish the effluent water stream). If other contaminants (e.g., excessive

nitrates or TDS) are also found in groundwater with MTBE, additional treatment

processes (ion exchange membranes) would also need to be included in the process
train.

5.8.4 IRVINE DESALTER

The Irvine Desalter was built in response to the discovery in 1985 of VOCs beneath the

former EI Toro MCAS and the central area of Irvine. The plume of improperly disposed
cleaning solvents migrated off base and threatened the main basin. IRWD and OCWD

cooperated in building production wells, pipelines, and two treatment plants, both of

which are now owned and managed by IRWD. One plant removes VOCs by air-

stripping and vapor-phase carbon adsorption with the treated water used for irrigation
and recycled water purposes. A second plant treats groundwater outside the plume to

remove excess nitrate and TDS concentrations using RO membranes for drinking water

purposes. Combined production of the Irvine Desalter wells is approximately 8,000 afy.

5.8.5 TUSTIN DESALTERS

Tustin's Main Street Treatment Plant has operated since 1989 to reduce nitrate levels

from the groundwater produced by Tustin's Main Street Wells Nos. 3 and 4. The

untreated groundwater can undergo either RO or ion exchange treatment. The RO

membranes and ion exchange unit operate in a parallel treatment train. Approximately
1 mgd is bypassed and blended with the treatment plant product water to produce up to

2 mgd or 2,000 afy. During fiscal year 2007-08, 55,700 pounds of nitrate were removed

at this treatment plant.

The Tustin Seventeenth Street Desalter began operation in 1996 to reduce high nitrate

and TDS concentrations from the groundwater pumped by Tustin's Seventeenth Street

Wells Nos. 2 and 4 and Tustin's Newport well. The desalter utilizes two RO membrane

trains to treat the groundwater. The treatment capacity of each RO train is 1 mgd.
Approximately 1 mgd is bypassed and blended with the RO product water to produce up
to 3 mgd or 3,000 afy. During fiscal year 2007-08, 154,800 pounds of nitrate were

removed at this treatment facility.

5.8.6 GARDEN GROVE NITRATE REMOVAL

The Garden Grove Nitrate Removal Project was a blending project utilizing two wells in

order to meet the MCL for nitrate. Garden Grove Well No. 28, containing high nitrate

concentrations, was blended with water from Well No. 23. The blending project
operated from 1990 to 2005. The city took the well off line and is considering
construction of upgraded treatment facilities to expand the pumping of groundwater in

this area.

5.8.7 RIVER VIEW GOLF COURSE

VOC contamination, originating from an upgradient source, was discovered in a well

owned by River View Golf Course, located in the City of Santa Ana. The well was used
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for drinking water but was converted into a supply for golf course irrigation due to the

contamination. Continued operation of the well helps to remove VOC contamination

from the basin.

5.8.8 COLORED WATER TREATMENT

The 5-mgd MCWD ozone oxidation treatment plant removes the color from groundwater
pumped from Well No. 6 and Well No. 11. One of the ozone by-products is assimiable

organic carbon (AOC), which increases the microbiological regrowth potential within the

distribution system. Pressurized biologically-active filtration is employed immediately
after ozone oxidation in order to remove AOC and produce microbiologically stable

water. In order to meet the stringent disinfection by-products MCLs, chloramination (a
combination of chlorine and ammonia) is used to disinfect the product water prior to

delivery to distribution system.

IRWD's DATS removes color from deep aquifer groundwater. A total of 8 mgd of

colored groundwater is pumped from two wells (IRWD C8 and C9) to the DATS plant.
Nanofiltration (NF) membranes remove color and organics. Three NF trains each

produce 2.44 mgd at a recovery rate of 92 percent. The high quality NF product water

is degasified, disinfected, and pumped into the Dyer Road Wellfield pipeline for potable
use resulting in 7.4 mgd added to the drinking water system. The highly colored NF

concentrate is sent to disposal by OCSD.

The colored water treatment projects operated by MCWD and IRWD provide benefit

beyond the production of water supply. The aquifers with colored water are generally
deeper than the primary clear water production zones, and upward vertical migration of

the colored water into the clear water aquifers has been observed. Upward migration
can impair water quality in the clear water zones. A large groundwater level difference

between the colored water aquifer and clear water aquifers exacerbates this situation.

By pumping from the colored water aquifer, the MCWD and IRWD projects reduce the

groundwater level in the colored water aquifer, thus reducing the vertical migration of

colored water into the clear water aquifers.

5.9 BEA Exemption for Improvement Projects
In some cases, the District encourages the pumping of groundwater that does not meet

drinking water standards in order to protect water quality. This is achieved by using a

financial incentive called the BEA Exemption. The benefits to the basin include

removing and beneficially using poor-quality groundwater and reducing or preventing
the spread of poor-quality groundwater into non-degraded aquifer zones.

As explained in detail in Section 6, OCWD uses financial incentives to manage the level

of pumping from the groundwater basin. Producers pay a Replenishment Assessment

RA) for water pumped from the basin. Each year the District sets an allowable amount

of pumping and assesses an additional charge, called the BEA, on all water pumped
above that limit.

A BEA Exemption is used to encourage pumping of groundwater that does not meet

drinking water standards in order to clean up and contain the spread of poor quality
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water. Section 38.1 of the District Act provides specific criteria for exemption of the

BEA:

If the board of directors finds and determines that the water produced from the

facility or facilities or any of them has or will have a beneficial effect upon the quality
of water supplies of the district, the board of directors may make an order that water

produced from the water-producing facility or facilities shall be exempted from either

or both of the following:

A) The payment of all or any portion of the basin equity assessment...

8) The production requirements and limitations as provided in this act."

OCWD uses a partial or total exemption of the BEA to compensate a qualified
participating agency or Producer for the costs of treating poor-quality groundwater.
These costs typically include capital, interest, and operations and maintenance (O&M)
costs for the treatment facilities.

Under this provision, the District has exempted all or a portion of the BEA for pumping
and treating groundwater for removal of nitrates, TDS, VOCs, and other contaminants.

Water quality improvement projects that have received a BEA exemption are listed in

Table 5-6.

When the District authorizes a BEA exemption for a project, OCWD is obligated to

provide the replenishment water for the production above the BPP and forgoes the BEA

revenue that OCWD would otherwise receive from the producer.

TABLE 5-6

SUMMARY OF IMPROVEMENT PROJECTS AND REPLENISHMENT OBLIGATIONS

Project
BEA Groundwater

Project Name
Description

Exemption Production OCWD Subsidy
Approval Date above BPP (afy)

Removal of

Irvine Desalter nitrates, TDS, and 2001 10,000 BEA Exemption
VOCs

Tustin Desalter
Removal of

1998 3,500 BEA Exemptionnitrates and TDS

Blending two

Garden Grove Garden Grove
1998 4,000 BEA ExemptionNitrate wells to meet

nitrate MCL

Tustin Nitrate Removal of
1998 1,000 BEA ExemptionRemoval nitrates

River View Golf
Removal of VOCs 1998 350

50/af reduction

Course in BEA

MCWD Colored
Color removal 2000 8,700 BEA ExemptionWater Removal

IRWD DATS Color removal 1999 8,000 BEA Exemption
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6 INTEGRATED MANAGEMENT OF PRODUCTION

AND RECHARGE

The District operates the groundwater basin in order to protect and increase the

basin's sustainable yield in a cost effective manner. Accomplishing this goal
requires careful management of recharge and water production. This section

describes the methods and programs utilized by OCWD to maintain the long-term
sustainability of the basin's groundwater supplies.

6.1 General Management Approach
OCWD is internationally known for its unique, proactive, supply-side management
approach. This is a major factor that has enabled the District to develop one of the most

advanced and progressive groundwater management systems in the world. The District

seeks to expand the basin's yield by maximizing the amount of water recharged into the

basin, developing new sources of water to recharge the basin, and increasing the

effectiveness of the District's recharge facilities.

OCWD provides access to basin supplies at a uniform cost to all entities within the

District without regard to the length of time they have been producing from the basin.

After initiating this policy in 1954 with the establishment of the Replenishment
Assessment (RA), OCWD witnessed a substantial growth in municipal and industrial

water usage. This growth has not occurred without its accompanying challenges to

OCWD: the need to augment recharge water supplies, establish methods to effectively
manage demands on the basin, and balance the amount of total recharge and total

pumping to protect the basin from being overdrafted.

The District's participation in a wide range of cooperative efforts with other water and

waste water agencies as well as stakeholder organizations plays an important part in

the management of the groundwater basin.

6.2 Cooperative Efforts to Protect Water Supplies and Water Quality
OCWD participates in cooperative efforts with state and federal regulatory agencies and

stakeholders within the District boundaries, in Orange County, and in the Santa Ana

River Watershed.

6.2.1 SANTA ANA WATERSHED PROJECT AUTHORITY (SAWPA)

SAWPA is a Joint Powers Authority whose mission is to develop and maintain regional
plans, programs, and projects that will protect the Santa Ana River basin water

resources. OCWD, one of SAWPA's five member agencies, actively participates on a

number of work groups that meet on a regular basis to discuss, plan, and make joint
decisions on management of water resources in the Santa Ana Watershed. OCWD

actively participates in the following SAWPA work groups:
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SAWPA Commission:

The commission, composed of Board members from SAWPA's five member

agencies including OCWD, meets on a monthly basis to set policy and oversee

the management of SAWPA.

Storm Water Quality Standards Task Force:

The Task Force is evaluating water quality standards as they relate to

stormwater and dry weather flows. Particular emphasis is being given to the

water quality that is needed to protect recreational beneficial uses.

Basin Monitoring Program Task Force:

The Basin Monitoring Program Task Force was formed in 1995 to determine the

extent of and evaluate the impact of increasing concentrations of Total Inorganic
Nitrogen (TIN) and TDS in groundwater in the watershed. Formation of the Task

Force was in response to concerns by the Regional Board that water quality
objectives for nitrogen and TDS were being exceeded in some groundwater
basins in the watershed.

The over 20 water and waste water agencies and local governments on the Task

Force worked with RWQCB staff to develop an amendment to the Water Quality
Control Plan for the Santa Ana River Basin (Basin Plan) that was adopted in

2004. This nearly ten-year effort involved collecting and analyzing data in

twenty-five groundwater management zones in the watershed to recalculate

nitrogen and TDS levels and to establish new Water Quality Objectives to protect
Beneficial Uses.

An important component in this effort was the recognition by stakeholders that

groundwater basins are interconnected and that water quality in one basin

impacts other basins and the quality of the water in the Santa Ana River.

The Basin Plan amendment charges the Task Force with implementing a

watershed-wide TDS/Nitrogen groundwater monitoring program. Task Force

members agreed to fund and participate in a process to recalculate ambient

water quality every three years in each of the twenty-five groundwater
management zones and to compare water quality to the water quality objectives
in order to measure compliance with the Basin Plan. The latest recalculation, the

second since adoption of the amendment, was published in August 2008

Wildermuth, 2008).

Salinity Management and Imported Water Recharge Plenary Workgroup:
This workgroup, in cooperation with the Regional Board, implements a

Cooperative Agreement signed by water agencies that use imported water for

groundwater recharge. The workgroup is analyzing water quality data and

estimating future conditions to evaluate the impact of recharging imported water.

Emerging Constituents Workgroup:

This workgroup is developing a monitoring program for emerging constituents in

water that is intentionally recharged to local aquifers. The group will develop a
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water quality monitoring program aimed at protecting surface water quality and

groundwater supplies.

Santa Ana Sucker Conservation Team:

Meeting monthly since 1998, a group of concerned public agencies from

throughout the Santa Ana River watershed have been working to determine the

reasons for the decline of the Santa Ana Sucker (Catostomus santaanae) and to

devise strategies for recovering the species. The U.S. Fish & Wildlife Service

USFWS) and the California Department of Fish & Game (CDFG) are part of this

effort.

One Water One Watershed Initiative:

A large and diverse group of interested citizens and organizations is participating
in developing an updated Santa Ana Watershed Integrated Regional Water

Management Plan.

6.2.2 WATER QUALITY AND NATURAL RESOURCE PROTECTION IN THE PRADO BASIN

The water quality of the Santa Ana River and its tributary creeks has a direct impact on

the quality of water that flows into Orange County. The operation of the Prado

Wetlands, as described in Section 5.3.3, improves water quality through the removal of

nitrates and other pollutants before the water reaches OCWD's groundwater recharge
basins.

The Prado Basin contains the single largest stand of forested riparian habitat remaining
in coastal southern California. The basin provides a variety of fish and bird habitats

including several rare and endangered species. OCWD manages a large portion of this

property and has undertaken numerous habitat restoration and species recovery

projects.

As part of a cooperative agreement with the ACOE and the USFWS, OCWD has

created more than 800 acres of habitat for the endangered least Bell's vireo and

southwestern willow flycatcher and has funded more than $3 million in mitigation and

monitoring measures for the vireo program. Through these restoration activities, OCWD

has made significant contributions towards the recovery of vireo. In the mid-eighties, the

vireo population had dropped to less than 20 breeding pairs. A 2007 survey identified

420 vireo territories, 237 of which contained pairs. Plans are underway to create

additional river edge habitat, the preferred habitat of the flycatcher, in order to increase

the population of this endangered bird.

A significant amount of the Prado Basin is infested with exotic vegetation, including the

Giant Reed (Arundo donax), shown in Figure 6-1. Arundo grows rapidly, obstructs flood

flows, has no value for wildlife habitat, and consumes nearly three times the water of

native vegetation. Arundo consumes an estimated 56,200 of of water annually from the

Santa Ana River.

OCWD has invested over $3 million in Arundo removal efforts. These efforts are

coordinated by the Santa Ana Watershed Association (SAWA). The SAWA, of which

OCWD is a founding member, is dedicated to improving environmental quality and

habitat within the watershed. Other members of SAWA include the CDFG, Riverside
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County Flood Control District, Riverside County Parks and Recreation, San Bernardino

County Flood Control District, SAWPA, the RWQCB, the ACOE, the USFWS, and the

U.S. Forest Service.

Approximately 3,100 acres of river bottom lands formerly infested by Arundo and other

invasive weeds are now under management. It is estimated that by 2025, an annual

minimum of 36,000 of of additional water will be available in the Santa Ana River as a

result of removing Arundo (based on a minimum of 3.6 of of additional water per acre of

Arundo removed).

FIGURE 6-'I

ARUNDO REMOVAL

6.2.3 CHINO BASIN INTEGRATED PLANNING

Chino Creek and Mill Creek are major tributaries that flow into the Santa Ana River in

the Prado Basin. OCWD staff attends monthly meetings of stakeholders from this region
to discuss and act upon issues of common concern. In 2006, the group, led by the

IEUA and OCWD produced the Chino Creek Integrated Plan: Guidance for Working
Together to Protect, Improve, and Enhance the Lower Chino Creek Watershed.

6.2.4 COOPERATIVE EFFORTS IN ORANGE COUNTY

OCWD supports the watershed planning efforts of the County of Orange. The county
created three watershed management areas in order to localize the development and

implementation of integrated regional watershed plans. Two of the management areas

are within the OCWD service area. The North Orange County Management Area covers

the areas within the county that are located within the Santa Ana River Watershed and

the coastal watersheds west of the Santa Ana River. The Central Orange County
Management Area covers the Newport Bay Watershed and the Newport Coast area.

OCWD participates in the development and implementation of the North Orange County
and Central Orange County watershed plans.

Arundo Control Begins with Removal by Hand or Machine Followed by
Treatment of Re-growth with a Systemic Herbicide
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6.2.5 COOPERATIVE EFFORTS IN OCWD SERVICE AREA

OCWD participates in a variety of cooperative efforts with water retailers and cities

within the OCWD service area as well as wastewater and flood control agencies, as

described below.

Groundwater Producers

The Producers, the retail water agencies that produce the majority of the

groundwater from the basin, meet with OCWD staff on a monthly basis to discuss

issues related to management of the groundwater basin.

Municipal Water District of Orange County (MWDOC)

MWDOC, a member agency of the Metropolitan Water District of Southern

California, provides imported water to 28 retail water agencies and cities in

Orange County. MWDOC also supplies untreated imported water to OCWD

when it is available for use as a supplemental source of water to recharge the

groundwater basin. OCWD and MWDOC meet on a monthly basis and jointly
plan for the maximum flexibility in the overall water supply, including:

Coordinating mutual water resources planning, supply availability, and

water use efficiency (conservation) programs for the benefit of the

basin area in Orange County.

Conducting and developing an Orange County Water Reliability
Program to improve the overall water and emergency supply to Orange
County.

Evaluating ocean water desalination, water recycling, and other means

to increase the supply and system reliability for the basin area.

Evaluating water transfers and exchanges that would make surplus
supplies from other areas available to the District.

Water Advisory Committee of Orange County (WACO)

WACO is a group of elected officials and water managers who meet on a

monthly basis to provide advice to OCWD and MWDOC on water supply issues.

Groundwater Replenishment System Steering Committee

The GWR System is a joint project of the OCWD and the Orange County
Sanitation District. Directors of the two districts meet on a monthly basis to

coordinate joint operations.

Orange County Flood Control District

Three of the recharge basins used by OCWD for groundwater recharge are

owned by the Orange County Flood Control District. OCWD also owns asix-mile

section of the Santa Ana River that is used for conveyance of flood water.

Quarterly meetings are held to discuss joint operations and planning.
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6.3 Supply Management Strategies
One of OCWD's management objectives is to maximize the amount of water recharged
into the basin. This is achieved through maximizing the efficiency of and expanding the

District's recharge facilities and increasing the supply of recharge water. The District

constructed the GWR System to increase the supply of water available to recharge the

basin. Additional District supply management programs include encouraging and using
recycled water for irrigation and other non-potable uses, participating in water

conservation efforts, participating in efforts to manage water and other natural

resources in the upper watershed, and working with MWDOC in developing and

conducting other supply augmentation projects and strategies.

6.3.1 USE OF RECYCLED WATER

OCWD's Green Acres Project is anon-potable water supply project that utilizes a

dedicated set of pipelines to deliver irrigation and industrial water to users. Most of the

recycled water is used on golf courses, greenbelts, cemeteries, and nurseries. The

Green Acres Project, in operation since 1991, reduces demands on the basin by
providing non-potable water for non-potable uses. Secondary wastewater effluent from

the OCSD is filtered and disinfected with chlorine to produce approximately seven mgd
of irrigation and industrial water.

6.3.2 WATER CONSERVATION PROGRAMS

Water conservation plays an important role in meeting future water demands. By
implementing conservation programs, future water demand can be reduced, and less

imported water will be necessary to meet the area's water requirements.

The District cooperated with MWDOC, OCSD, and other agencies in a low-flush toilet

program that subsidized the replacement of old high-volume toilets with modern low-

flow toilets. The District also supports MWDOC and Metropolitan in a Hotel/Motel Water

Conservation Program to save water through minimizing water use at hotels. This

program, active in over 30,000 hotel/motel rooms, offers free laminated towel rack

hangers or bed cards that encourage guests to consider using their towels and bed

linens more than once during their stay.

OCWD supports MWDOC and other local agencies in a similar program aimed at

restaurant water conservation. Free laminated cards are provided for restaurants to

place on their tables. The cards inform patrons that water will be served only upon

request. This encourages environmental awareness and water and energy
conservation.

6.3.3 CONJUNCTIVE USE AND WATER TRANSFERS

The existing Metropolitan storage program provides for Metropolitan to store 66,000 of

of water in the basin in exchange for Metropolitan's contribution to improvements in

basin management facilities. This water can be withdrawn over athree-year time period.
The improvements contributed by Metropolitan included the construction of eight new

extraction wells and new injection wells for the Talbert Barrier Expansion.
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The District reviews opportunities for additional conjunctive use projects that would

store water in the basin and could potentially store water in other groundwater basins.

Additionally, the District reviews opportunities for water transfers that could provide
additional sources of recharge water. Such projects are evaluated carefully with respect
to their impact on available storage and their reliability and cost effectiveness.

6.4 Water Demands

Numerous factors influence water demands such as population growth, economic

conditions, conservation programs, and hydrologic conditions. Estimates of future

demands are therefore subject to some uncertainty and are updated on a periodic
basis.

Total water demand within the District's boundary for water year 2007-08 (July 1-

June 30) was 480,303 af. Total demand is met with a combination of groundwater,
imported water, local surface water in Irvine Lake and Santiago Creek, and recycled
water used for irrigation and industrial purposes. Figure 6-2 provides historical water

demands in the District.

FIGURE 6-2

HISTORICAL TOTAL DISTRICT WATER DEMANDS
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Demand estimates are based on a number of factors including projected population
increases. Population within OCWD's service area is expected to increase from 2.5

million currently to 2.7 million by the year 2035 as shown in Table 6-1. This population
growth is expected to increase water demands from the current approximately
480,000 afy to 558,000 afy in 2035 as shown in Table 6-2. Future annual water

demands will fluctuate, primarily due to factors such as the effectiveness of future water

conservations programs, economic conditions, and hydrologic conditions.

TABLE 6-1

2,550,000 2,620,000 2,659,000 2,685,000 2,703,000

Source: MWDOC and Center for Demographics Research (2008)

2,722,000

TABLE 6-2

ESTIMATED FUTURE WATER DEMANDS IN OCWD BOUNDARY (AFY~

2009 2010 2015 2020 2025 2030 2035

490,000 500,000 519,000 538,000 548,000 553,000 558,000

Projections based on annual MWDOC survey completed by each Producer -Spring 2008

Expansion of the District's boundary through annexing additional land into the District

has been a major factor in the growth of OCWD. From 1933 to now, the District's area

has grown from 162,676 acres to over 229,000 acres (OCWD, 2006). Annexation

requests by the City of Anaheim, Irvine Ranch Water District, and Yorba Linda Water

District, if approved, could expand the District's boundary and increase water demands

by approximately 48,000 afy.

6.5 Basin Operating Range
OCWD does not regulate pumping from the groundwater basin. Instead, total pumping
is managed by a process that uses financial incentives to encourage Producers to pump
an aggregate amount of water that is sustainable over the long term. The process that

determines a sustainable level of pumping considers the basin's safe operating range
and the amount of recharge water available to the District.

The basin operating range refers to the upper and lower levels of groundwater storage
in the basin that can be reached without causing negative or adverse impacts. The

basin is in the upper (higher) end of the operating range when groundwater levels are

high. Conversely, the basin is near the low end of the operating range when

groundwater levels are lower. Figure 6-3 schematically illustrates the impacts of

changing the amount of groundwater in storage.

ESTIMATED POPULATION WITHIN OCWD BOUNDARY
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The storage level is quantified based on a benchmark defined as the full basin

condition. The groundwater basin rarely, if ever, reaches the full basin condition. The

degree to which the storage is below the full basin condition is defined as "accumulated

overdraft." Based on this definition of accumulated overdraft, it is anticipated that the

accumulated overdraft would increase or decrease from year to year in response to

hydrological variations. Provided that the accumulated overdraft is within the safe

operating range, this approach is sustainable.

FIGURE 6-3

SCHEMATIC ILLUSTRATION OF IMPACTS OF CHANGING THE AMOUNT

OF GROUNDWATER IN STORAGE
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groundwater levels

rr~tt~:
Effects of Decreased

Overdraft:

More water available in storage to

be pumped during drought
Increased loss of water to LA

County
Decreased opportunity to recharge
basin if large amounts recharge
water becomes available

Beneficial in controlling seawater

intrusion

Decreased pumping costs

Each year the District determines the optimum level of storage for the following year.
For example, at small amounts of overdraft (greater total amount of water in storage),
the amount of energy required to pump groundwater is less and groundwater outflow to

Los Angeles County is greater. On the other hand, larger amounts of overdraft increase

the potential for seawater intrusion. Factors that are considered in determining the

optimum level of storage are shown in Table 6-3.

The accumulated overdraft is calculated and published in the annual District's

Engineer's Report. Since 2007, the determination of accumulated overdraft is based on

a full basin benchmark defined for each of the three aquifer layers as described in

Section 2.

The shallow aquifer, the principal aquifer, and the aquitard between the shallow and

principal aquifer stores approximately 66,000,000 of of water at the full condition. When

the accumulated overdraft is 200,000 af, the Basin is approximately 99.7 percent full.

When the overdraft increases from 200,000 to 400,000 af, the basin changes from 99.7

to 99.4 percent full. From a classical surface water reservoir perspective, the basin is
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almost always nearly "full." In spite of the large amount of water stored in the basin,
there is a narrow operating range within which the Basin can safely operate, as

illustrated in Figure 6-4, which is largely dictated by water quality issues and the need to

prevent land subsidence.

TABLE 6-3

BENEFITS AND DETRIMENTS OF DIFFERENT STORAGE LEVELS

ACCUMULATED

OVERDRAFT BENEFITS DETRIMENTS

AF~
Less than Beneficial to controlling seawater Increased loss of groundwater to Los

200,000 intrusion Angeles County
Lower pumping energy costs for

producers
Easier to maintain stable BPP

Water available to be pumped
from storage in shortage condition

Potential to temporarily increase

BPP

Decreased potential for vertical

migration of poor quality water

Opportunity to operate Basin to

build reserves

200,000 to Minimal to no problems with high Limited amount of water in storage that can

350,000 groundwater levels

Increased available storage
capacity if large amount of

recharge water becomes

available

Decreased groundwater outflow

to Los Angeles County

350,000 to Minimal to no problems with high
500,000 groundwater levels

Increased available storage
capacity if large amount of

recharge water becomes

available

Further decrease in groundwater
outflow to Los Angeles County

Possible localized high groundwater levels if

near full condition

Decreased opportunity to recharge Basin if

large amount of low cost recharge water

becomes available

Possible decrease in recharge capacity due

to high groundwater levels (not observed at

current recharge rates, but may be an issue

with higher rates in future)

be pumped during drought or other shortage
condition

Risk of seawater intrusion increases as

overdraft increases from 200,000 to 350,000
of

Option for Metropolitan to call 20,000 afy
from storage would further increase overdraft

Little to no water in storage that can be

pumped during drought or other shortage
condition

Increased pumping energy costs

Further increased risk of seawater intrusion

Coastal pumping reductions potentially
needed

Option for Metropolitan to call 20,000 afy
from storage further worsens overdraft

Increased number of production wells

inoperable due to low groundwater levels

below 400,000 of overdraft

Potential risk of increased land subsidence

Potential increased risk of vertical migration
of poor quality water.

Need to increase budget for replenishment
water to reduce overdraft

More difficult to maintain stable BPP
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FIGURE 6-4

STRATEGIC BASIN OPERATING LEVELS AND OPTIMAL TARGET

o AF Full Condition

Overdraft

Storage capacity for one wet year

Optimal Target
100,000 AF

OCWD Operating Range
Provides at least three years

of drought supply
when at top of range

434,000AF ----------------

66,000 AF MWD storage

500,000 AF

LLowest Acceptable Level

Groundwater levels must be carefully managed to properly control seawater intrusion.

With the water available for injection from the GWR System, seawater intrusion may be

controlled in the Talbert Gap with a maximum overdraft of 500,000 af. Improvements to

the Talbert Barrier may allow greater overdraft but the impact of greater withdrawals on

the other gaps, Bolsa, Sunset and Alamitos, must also be evaluated.

Additional issues that would need to be evaluated prior to increasing the amount of

overdraft, assuming an effective seawater barrier was operating, would include the risk

of land subsidence, inflow of colored water or poor quality groundwater into the principal
aquifer from underlying or overlying aquifers, and the number of shallow production
wells that would become inoperable due to lower groundwater levels.

6.6 Balancing Production and Recharge
Over the long term, the basin must be maintained in an approximate balance to ensure

the long-term viability of basin water supplies. In one particular year, water withdrawals

may exceed water recharged as long as over the course of a number of years this is
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balanced by years where water recharged exceeds withdrawals. Levels of basin

production and water recharged since water year 1991-92 are shown in Figure 6-5.

FIGURE 6-5

BASIN PRODUCTION AND RECHARGE SOURCES

soo,ooo

500,000

400,000

AFY

300,000

200,000

100,000

SAR Baseflow ~ Natural Incidental Recharge

Captured SAR Stormflow Imported Water/GWR System
Groundwater Production

Captured
Water Year SAR

Stormflow s~ _

91-92 105,000 2,000 65,000 109,000 311

92-93 127,000 107,000 111,000 82,000 312

93-94 114,000 78,000 41,000 144,000 312

94-95 120,000 70,000 117,000 44,000 314

95-96 128,000 58,000 70,000 32,000 329

96-97 138,000 74,000 51,000 56,000 339

97-98 146,000 101,000 74,000 55,000 329

98-99 161,000 36,000 50,000 35,000 356

99-00 150,000 82,000 33,000 84,000 384

00-01 153,000 50,000 27,000 95,000 369

01-02 150,000 38,000 21,000 73,000 374

02-03 143,000 58,000 52,000 109,000 359

03-04 146,000 59,000 39,000 84,000 337

04-05 149,000 159,000 85,000 87,000 314

05-06 153,000 39,000 84,000 104,000 318

06-07 133,000 15,000 19,000 103,000 350

07-08 132,000 52,000 46,000 30,000 368

91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-00 00-01 01-02 02-03 03-04 04-05 05-06 06-07 07-OS

Water Year
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6.7 Managing Basin Pumping
The primary mechanism used by OCWD to manage pumping is the Basin Production

Percentage (BPP). Section 31.5 of the District Act empowers the Board to annually
establish the BPP, defined as:

the ratio that all water to be produced from groundwater supplies with the

district bears to all water to be produced by persons and operators within

the District from supplemental sources as well as from groundwater within

the District. "

In other words, the BPP is a percentage of each Producer's water supply that comes

from groundwater pumped from the basin. The BPP is set uniformly for all Producers.

Groundwater production at or below the BPP is assessed the RA. Any production above

the BPP is charged the RA plus the BEA. The BEA is calculated so that the cost of

groundwater production above the BPP is higher than purchasing imported potable
supplies. This approach serves to discourage, but not eliminate, production above the

BPP. The BEA can be increased as needed to discourage production above the BPP.

In simplified terms, the BPP is calculated by dividing groundwater production by total

water demands. The BPP is set after evaluating groundwater conditions, availability of

recharge water supplies, and basin management objectives. The BPP is also a major
factor in determining the cost of groundwater production for that year. OCWD's goal is

to set the BPP as high as possible to allow Producers to maximize pumping and reduce

their overall water supply cost. Figure 6-6 shows the history of the BPP along with the

actual BPP that was achieved by the Producers.

FIGURE 6-6

BASIN PRODUCTION PERCENTAGE HISTORY
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Raising or lowering the BPP allows the District to manage the amount of pumping from

the basin. The BPP is lowered when basin conditions necessitate a decrease in

pumping. A lower BPP results in the need for Producers to purchase additional, more

expensive imported water from Metropolitan.

One example of a condition that could require a lowering of the BPP is to protect the

basin from seawater intrusion. In this case, reduced pumping would allow groundwater
levels to recover and seawater intrusion to be reduced. A change in the BPP affects the

District's budget as less pumping reduces collected revenues.

6.7.1 METHODOLOGY FOR SETTING THE BASIN PRODUCTION PERCENTAGE

The formula used to estimate the BPP is shown in Figure 6-7. The formula is used as a

guideline and the District's Board of Directors sets the BPP after considering the

relevant information and input from the Producers and the public. To determine the BPP

for a given year the amount of water available for basin recharge must be estimated.

The supplies of recharge water that are estimated are:

Santa Ana River stormflow

Natural incidental recharge

Santa Ana River baseflow

GWR System supplies

Other supplies such as Metropolitan and recycled water purchased for the

Alamitos Barrier.

FIGURE 6-7

BPP CALCULATION

SAR Natural Incidental

Stormflows + Recharge using +
using Rainfall Rainfall

Probability Probability

SAR Expected
Baseflows + GWR System

5-yr Avg) Supplies

Other expected Expected Planned

supplies such as Expected MWD WQ Basin Refill
Alamitos Barrier and + Replenishment - pumping - ( from table)

Arlington Desalter Water above BPP

Total Water Demands Expected Reclaimed & Local

5-yr Avg.) - Supplies

BPP

MWD =Metropolitan Water District of Southern California
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Probability factors are used to estimate recharge into the groundwater basin from Santa

Ana River stormflow and natural incidental recharge. The probability percentages are

based on over 100 years of rainfall data and represent the probability that the upcoming
year will not be drier than the predicted rainfall amount. As the accumulated overdraft

increases, a higher level of certainty or probability is used in the BPP calculation to

ensure that the basin recharge estimates are attained or exceeded.

For example, if the accumulated overdraft is 500,000 af, then a 90 percent rainfall

probability would be used to conservatively estimate that the upcoming year's rainfall

will only be nine inches even though there is a 90 percent chance that it will be greater.
With this methodology, there is 90 percent likelihood that the upcoming year's estimate

of rainfall will be exceeded.

When the basin is nearly full, the ten percent probability of expected rainfall would be

used. In other words, it would be determined that there is only a ten percent chance of

having an upcoming year that is wetter than assumed, or conversely, a 90 percent
chance that the upcoming year will be drier. For the San Bernardino rainfall station, the

ten percent rainfall exceedance probability is 27 inches of rainfall. Therefore, assuming
27 inches of rainfall for the upcoming year's BPP calculation would ensure with

90 percent likelihood that it would actually be drier, less water would be recharged into

the basin, and the accumulated overdraft would be increased so as to prevent overfilling
the basin and losing water to the ocean.

When the basin is within the optimal range of 100,000 to 150,000 of of accumulated

overdraft, the 50 percent probability of rainfall is suggested to be used. In other words,
there would be an equal chance (50/50) of having either a wetter or drier year than

assumed. In this case, the 50 percent rainfall exceedance probability is very similar to

assuming average hydrology for the upcoming year.

This methodology provides a guideline for the upcoming year's recommended amount

of basin refill, dependent of the level of accumulated overdraft. For each increasing level

of accumulated overdraft, an increasing amount of basin refill is suggested, ranging
from approximately five to ten percent of the accumulated overdraft. For example, at an

accumulated overdraft level of 400,000 af, the suggested amount of basin refill or

overdraft reduction for the upcoming year would range from 20,000 to 40,000 af.

Therefore, at this assumed basin refill rate, it would take approximately 10 to 20 years
to completely fill the basin and eliminate the overdraft.

Table 6-4 shows the established amount or range for the planned basin refill water

reduction to the basin's accumulated overdraft) that is used in the formula based upon
the basin's accumulated overdraft. The range is based upon provisions in the District

Act which call for refilling the groundwater basin in not less than 10 years and not

greater than 20 years. For example; if the accumulated overdraft is 400,000 af, refilling
the basin over a 20-year period would yield a value of 20,000 afy while refilling the basin

over a 10-year period yields a value of 40,000 afy.
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TABLE 6-4

ACCUMULATED OVERDRAFT, BASIN REFILL, PROBABILITY FACTOR 8c RAINFALL AMOUNT

Accumulated Planned Basin San Bernardino Rainfall Probability
Overdraft (af) Refill Amount (af) Projection (inches) Factor

0 20,000 27 10% 
g

100,000 0 15 50%

200,000 10,000 to 20,000 14 60%

300,000 15,000 to 30,000 13 70%

400,000 20,000 to 40,000 11 80%

500,000 25,000 to 50,000 9 90%

For the 2008-09 water year, the estimated supply of recharge water is summarized in

Table 6-5.

TABLE 6-5

RECHARGE WATER SUPPLIES ESTIMATED FOR 2OOH-O9

Santa Ana River Baseflows 146,300

Captured Santa Ana River Stormflows

Natural Net Incidental Recharge

Expected Groundwater Replenishment Supplies 61,000

Other Expected Supplies 11,000

Total 328,300

6.7.2 BASIN PRODUCTION LIMITATION

Another management tool that enables OCWD to sustainably manage the basin is the

Basin Production Limitation. Section 31.5(g) (7) of the District Act authorizes limitations

on production and the setting of surcharges when those limits are exceeded. This

provision can be used when it is necessary to shift pumping from one area of the basin

to another. An example of this was the Temporary Coastal Pumping Transfer Program,
which shifted approximately 20,000 afy of pumping from the coastal area to inland to

minimize seawater intrusion.

6.8 Drought Management

Drought is an extended period of below-average precipitation. There is no single, official

definition of the time period associated with a drought. The magnitude of a drought
depends on the extent of the deviation from average precipitation, the areal extent of

the below-average precipitation, and other factors.

During a drought, flexibility to increase pumping from the basin becomes increasingly
important. To the extent that the basin has water in storage that can be pumped out, the

basin provides a valuable water supply asset during drought conditions. Ensuring that

the basin can provide a buffer against drought conditions requires:

50,000

60,000


