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WHAT IS A GROUNDWATER MANAGEMENT PLAN?

A Groundwater Management Plan (GMP) is a planning tool that assists overlying 
water providers in maintaining a safe, sustainable and high quality groundwater 
resource within a given groundwater basin.  GMPs are intended to be “living docu-
ments” that can be readily updated and refi ned over time to refl ect progress made 
in achieving the GMP’s objectives (Figure 1).  Because many agencies are new to 
groundwater planning, SB 1938 outlines a series of required, recommended, and 
voluntary actions that will promote ongoing growth in the GMP’s depth and con-
tent.  

Lastly, GMPs have become a required “baseline” document for agencies seeking 
grant funds available from the State of California.  Like other planning documents 
required by the State, an approved GMP is a minimum requirement for agencies 
seeking competitively awarded grant funds.

 EXECUTIVE SUMMARY
Zone 40 Groundwater Management Plan Satisfi es Multiple Stakeholder Needs and Objectives

Figure 1. Maturity and Planning
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WHO BENEFITS FROM THE GMP?

Th e proposed GMP currently extends to the boundaries 
of Zone 40 (Figure 2) of the Sacramento County Water 
Agency (SCWA).  Zone 40 is a signifi cant geographic 
portion of the Central Sacramento County Groundwater 
Basin (Central Basin).  Th e decision to limit the extent 
of this GMP to Zone 40 was intentional because delib-
erations and discussion are currently underway between 
interested stakeholders regarding future governance and 
management of a “groundwater authority” for the Central 
Basin.  Th e Zone 40 GMP is intended to be a document 
that can grow into, and perhaps be superseded by, the 
GMP that will be needed for the entire Central Basin.  

While this GMP is limited geographically to the bound-
aries of Zone 40, the work and analyses contained in this 
eff ort will benefi t all stakeholders in the Central Basin.

Figure 2. Zone 40 2030 Study Area
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WHAT IS REQUIRED IN A GMP?

Requirements in SB 1938 guide the preparation of GMPs 
and contain numerous technical requirements and provi-
sions which are briefl y summarized as follows:

� A GMP contains an inventory of water supplies 
and describes water uses within a given region.

� A GMP establishes groundwater Basin Manage-
ment Objectives (BMOs) that are designed to 
protect and enhance the groundwater basin.

� A GMP identifi es monitoring and management 
programs that ensure the BMOs are being met.

� Th e GMP outlines a stakeholder involvement and 
public information plan for the ground water basin.

WHY WAS THE GMP PREPARED?

Th e Zone 40 GMP has been prepared by SCWA primar-
ily to begin the groundwater planning process for Zone 
40—positioning the agency for future activities.  Th ese 
activities are summarized as follows:

� A GMP is a prerequisite in applying for grant fund-
ing opportunities.

� Th e GMP develops a framework or baseline on 
which to build future planning eff orts.

� Preparing a GMP is good planning procedure.

Th e Zone 40 GMP satisfi es multiple stakeholder needs 
and objectives.  Ultimately, this GMP will serve as the 
framework for a GMP that will encompass the entire 
Central Basin (see Figure 2).  For the GMP to be 
expanded to include the entire Central Basin, Central 
Sacramento County Groundwater Forum (CSCGF) 
support would need to be secured and other interested 
parties’ approval obtained.

Stakeholder Involvement

To address the needs of all aff ected stakeholders, SCWA 
has held several meetings and workshops and pursued sev-
eral means of achieving broader involvement in the man-
agement of the Central Basin.  Activities have included:

� SCWA supporting the Water Forum Successor 
Eff ort and the CSCGF fi nancially.

� SCWA participating in monthly CSCGF stake-
holder negotiation meetings.

� SCWA notifying and involving other local agencies 
and interests within and adjacent to the Zone 40 
area.

� SCWA soliciting input from stakeholders in 
monthly CSCGF and cluster meetings during 
the development and public comment process for 
approving the GMP.

� SCWA developing and fostering relationships with 
state and federal regulatory agencies.

� SCWA pursuing a variety of partnerships to achieve 
local water supply sustainability.

� SCWA incorporating comments received from 
stakeholders into the GMP.

Future Action Items

Th e intended approval date of the Zone 40 GMP is 
November 2, 2004. Following approval, SCWA will begin 
refi ning the GMP, adding the next increment of detail 
beginning in early 2005 as additional recommendations 
and voluntary components of SB 1938 are developed.  
After the 2005 refi nement of the GMP is completed, 
SCWA will consider the possible geographic expansion 
of the GMP to the Central Basin, subject to stakeholder 
input and direction. 
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1.1  FORMATION OF SCWA

SCWA was formed in 1952 by a special legislative act of the State of California (the 
Sacramento County Water Agency Act [Agency Act]). SCWA’s purposes include, but 
are not limited to, the following:

1 Making water available for any benefi cial use of lands and inhabitants, and

2 Producing, storing, transmitting, and distributing groundwater in accordance 
with an approved Master Plan.

SCWA’s boundaries include all of Sacramento County and is governed by a Board of 
Directors (ex offi  cio, the Sacramento County Board of Supervisors). Under the Agency 
Act, the Board may contract with the federal government under reclamation laws with 
the same powers as irrigation districts, and with the State of California and federal gov-
ernment with respect to the purchase, sale, and acquisition of water. SCWA may also 
construct and operate any required capital facilities.

Th ere are currently several benefi t zones within SCWA that are related to both water 
supply (Zone 13, Zone 40, Zone 41, and Zone 50) and drainage (Zone 11, Zone 12 
and Zone 13). Each has a unique purpose and generates revenue internally for carrying 
out that purpose.

1.2  CREATION OF ZONE 40

Zone 40 was created by SCWA Resolution No. 663 in May 1985, which describes 
the exact boundaries of the zone, and defi nes the projects to be undertaken as “... the 
acquisition, construction, maintenance and operation of facilities for the production, 
conservation, transmittal, distribution and sale of ground or surface water or both for 
the present and future benefi cial use of the lands or inhabitants within the zone.” Th e 
boundaries and scope of Zone 40’s activities were expanded in April 1999 by Resolution 
WA-2331. Zone 40’s scope now includes the use of recycled water in conjunction with 
surface water and groundwater.

Zone 40 is located in the central portion of Sacramento County (Figure 1-1). While 
much of Zone 40 consists of rural land uses, (i.e., agricultural, agricultural/residential 
(ag/res), and conservation reserve), urbanization has been occurring within the City of 
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Elk Grove, in the Vineyard and Mather/Sunrise areas of 
unincorporated Sacramento County, and more recently in 
the City of Rancho Cordova. 

Historically, Zone 40 has relied on the underlying indig-
enous groundwater basin for agricultural, industrial, and 
residential water supplies. Over the past 10 years Zone 40 
has supplemented the use of groundwater supplies with 
surface water, recycled water, and education and enforce-
ment of water conservation. To address increasing demands 
for water in the region, SCWA is updating their Water 
Supply Master Plan (WSMP) for Zone 40. Th e WSMP is 
scheduled for approval in late 2004. SCWA is also signato-
ry to, and has included in their WSMP, water supply poli-
cies in accordance with the Sacramento Area Water Forum 
Agreement. One of these policies provides for a sustainable 
average annual operational groundwater yield from the 
Central Sacramento County Groundwater Basin (Central 
Basin) of 273,000 Acre-Feet per year (AF/year). In 1990, 
when the Water Forum developed the sustainable yield, the 
Central Basin was yielding an estimated 250,000 AF/year. It 
is believed that the current extraction rate is the very close to 
the same amount. Th e extraction amount changes from year 
to year based on hydrologic conditions and consumer aware-
ness of water conservation programs.

A primary role of Zone 40 is to meet growing urban water 
demands in a manner that maintains the integrity of 
the groundwater basin and existing groundwater users. 
Th rough the construction of groundwater wells that target 
portions of the underlying aquifer not used by private do-
mestic wells, and through treatment of the groundwater 
before distribution to retail customers, Zone 40 has de-
veloped approximately 40 million gallons per day (MGD) 
of groundwater capacity. Th rough fi rm surface water con-
tracts with the Bureau of Reclamation and wheeling agree-
ments with the City of Sacramento, Zone 40 currently has 
the ability to deliver 7,000 AF/year of surface water and 
approximately 3 MGD (3,360 AF/year) of recycled water 
from the Sacramento Regional County Sanitation District’s 
(SRCSD) Recycled Water Treatment Plant.

Zone 40 generates revenue to implement its capital 
program through development fees and from user fees 
collected bi-monthly from Zone 41 retail water service 
customers within Zone 40 and wholesale water service 
customers in the Elk Grove Water Service area.

1.3  OTHER REGIONAL MANAGEMENT EFFORTS

Over the past several decades, water supplies of the region 
have been eff ected by:

� Extended drought and wet periods.

� Increased push to dedicate surface water for 
environmental purposes.

� Groundwater contamination cleanup eff orts 
ordered by the United States Environmental Pro-
tection Agency (EPA), the Central Valley Regional 
Water Quality Control Board (RWQCB), and the 
Department of Toxic Substance Control (DTSC).

� Declining groundwater levels.

� On-going and potential impacts to surface 
water quality and groundwater quality.

At the same time, demand for water in the region has con-
tinued to grow. To address these challenges, water pur-
veyors in the region have invested substantial time and 
resources in a progression of regional planning eff orts. In 
particular, the planning eff orts most directly related to 
SCWA’s eff orts include:

� Th e Water Forum

� Th e Central Sacramento County Groundwater Fo-
rum (CSCGF)

� Completion of the Draft 2002 Zone 40 Water 
Supply Master Plan (WSMP) (SCWA, December 
2002)  

� Completion of the Draft Environmental Impact 
Report (EIR) for the Draft 2002 Zone 40 Water 
Supply Master Plan (EDAW, November 2003) 

� Th e Regional Water Authority (RWA) and the Sac-
ramento Groundwater Authority (SGA) 

� Th e South Sacramento County Agricultural Water 
Authority (SSCAWA) and Th e Nature Conservancy 
(TNC).

Each of these regional planning eff orts is discussed 
further below.
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Figure 1-1. Boundary of SCWA Zone 40 and Area Covered by this Groundwater Management Plan
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1.3.1 Water Forum

Begun in 1993, the Water Forum process brought togeth-
er a diverse group of stakeholders that included business 
and agricultural leaders, citizens groups, environmental-
ists, water managers, and local governments to evaluate 
available water resources and the future water needs of 
the Sacramento Metropolitan Region. Th ese stakeholders 
identifi ed two co-equal objectives to guide the develop-
ment of the Water Forum Agreement. Th ese are:

� Provide reliable and safe water supply for the 
region’s economic health and planned development 
through the year 2030; and 

� Preserve the fi shery, wildlife, recreational, and 
aesthetic values of the lower American River.

After a six-year consensus-based stakeholder process, the 
“Water Forum Agreement” (WFA) was completed. Th e 
WFA prescribes a regional conjunctive use program for 
the lower American River and the connected groundwater 
basin. Th e Water Forum also completed an “Environmen-
tal Impact Report (EIR) for the Water Forum Proposal” 
(State of California Clearinghouse Number 95082041). 
Th is document was certifi ed by the two lead agencies (the 
City and County of Sacramento) in December 1999. 

One of the seven elements of the WFA Plan is ground-
water management. Implementation of this element 
includes adherence to an agreed upon long-term aver-
age annual pumping limit (sustainable yield) for each of 
the three geographic sub-areas of the groundwater basin 
within Sacramento County: 131,000 acre-feet (“AF”) for 
the North Area (north of the American River); 273,000 
AF for the Central Area (between the American and Co-
sumnes rivers); and 115,000 AF for the Galt or South 
Area (south of the Cosumnes River). Any proposed wa-
ter supply project or groundwater management structure 
must satisfy the groundwater conditions specifi ed in the 
WFA for the 2030 projected level of development.

Th e WFA includes Purveyor Specifi c Agreements (PSA), 
which defi ne the benefi ts each water purveyor will receive as 
a stakeholder and actions each must take to receive these ben-
efi ts. PSAs for the City of Sacramento and the Sacramento 
Municipal Utility District (SMUD) also describe commit-
ments by the City of Sacramento, SMUD, and SCWA to 
address issues related to wheeling and wholesaling of surface 
water, CVP water transfers, and dry year water supply in 
Zone 40. A brief summary of SCWA’s PSA follows:

� SCWA is responsible for providing wholesale water 
to an area that includes the Laguna, Vineyard, Elk 
Grove and Rancho Cordova communities com-
monly referred to as Zone 40. SCWA will divert 
fi rm and intermittent surface water from at or near 
the mouth of the American River or from the Sac-
ramento River. SCWA will use groundwater and 
surface water conjunctively to meet water system 
demands.

� A portion of Zone 40 is situated within the Place 
of Use (POU) for the City of Sacramento’s Ameri-
can River water entitlements (see Figure 1-1). It 
is assumed that these entitlements would be used 
to serve this area. Conditions for the use of this 
entitlement will be consistent with the conditions 
outlined in the City of Sacramento’s PSA.

� All signatories to the WFA endorse SCWA’s PSA, 
which provides for the construction of SCWA’s wa-
ter supply facilities. Th ese include a diversion struc-
ture at or near the mouth of the American River 
or from the Sacramento River, treatment plants, 
pumping stations, wells, storage facilities, and 
transmission pipelines.

� Stakeholder support is contingent on project spe-
cifi c compliance with the California Environmen-
tal Quality Act (CEQA), and where applicable, 
the National Environmental Policy Act (NEPA), 
federal Endangered Species Act, and California En-
dangered Species Act.

Provisions in the WFA led to the establishment of the 
Sacramento North Area Groundwater Management Au-
thority, now known as the SGA. Th rough a Joint Powers 
Agreement, the police powers of the Cities of Sacramento, 
Citrus Heights, and Folsom, the County of Sacramento, 
and SCWA are used by SGA for implementation of their 
adopted Groundwater Management Plan (GMP). SCWA 
is a member of SGA through their Zone 41 service area 
located north of the American River.

Th e WFA also calls for an interest-based negotiation pro-
cess to provide all segments of the community an oppor-
tunity to participate in the development of a groundwater 
management structure for the Central Basin. Th is stipula-
tion in the WFA led to the creation of the CSCGF under 
the aegis of the Water Forum Successor Eff ort.
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1.3.2 Central Sacramento County 
Groundwater Forum

Acting on behalf of the Water Forum Successor Eff ort, 
the California Department of Water Resources (DWR) 
initiated the CSCGF by signing a Memorandum of Un-
derstanding with the Sacramento City-County Offi  ce of 
Metropolitan Water Planning (funded by SCWA and the 
City of Sacramento) to support discussions among stake-
holders representing all segments of the community with 
an interest in developing a groundwater management 
structure and ultimately a GMP for the Central Basin. 
Stakeholders were selected through an area-wide assess-
ment performed by the Water Forum Successor Eff ort to 
identify concerns and develop a structure for stakeholders 
to work together. Interviews were held with 94 stakehold-
ers, resulting in the establishment of six interest groups: 
agriculture, agriculture/residential, business, environmen-
tal/community organizations, local governments/public 
agencies, and water purveyors. Each interest group is rep-
resented by fi ve individuals who participate in the collab-
orative process known as CSCGF. 

Th e CSCGF is currently in the negotiation phase of devel-
oping a governance structure for the Central Basin.  Once 
this phase is completed, the governing body will develop 
and adopt their own GMP. Th at plan will supercede the 
Zone 40 GMP. In the interim, the CSCGF supports SCWA 
in developing and adopting the GMP in accordance with 
SB 1938 (Water Code Section § 10750 et seq.).

1.3.3 Zone 40 Water Supply Master Plan  
and Environmental Documentation

Zone 40 is located in the central portion of Sacramento 
County as shown in Figure 1-2 and is entirely within 
the Central Basin. Th e WSMP has identifi ed a study 
area (“2030 study area”) within Zone 40 which consists 
of existing and developing industrial, commercial, offi  ce 
and residential land uses consistent with the City of Elk 
Grove and Rancho Cordova General Plans and the Sacra-
mento County 1993 General Plan. Th e 2030 study area 
is approximately 46,620 acres and is shown as the purple 
shaded area in Figure 1-2. 

Water demand is expected to be concentrated within the 
projected 2030 study areas shown in Figure 1-2. Howev-
er, developments can be proposed and approved anywhere 
within Zone 40 where they are consistent with the frame-
work and requirements provided in the various General 
Plans, Community Plans, Comprehensive Plans, Specifi c 
Plans, and zoning and subdivision ordinances. 

Th ree retail water purveyors provide service within Zone 
40: SCWA Zone 41 (formerly Sacramento County Wa-
ter Maintenance District), Florin Resource Conservation 
District/Elk Grove Water Service Company (“FRCD/
EGWS”), and the California-American Water Company 
(“Cal-Am” and formerly Citizens Utilities Company). 
Zone 40 currently provides wholesale water to a portion 
of the FRCD/EGWS service area under the terms of the 
First Amended and Restated Master Water Agreement. It 
has been assumed that Cal-Am will purchase wholesale 
water supplies from Zone 40 to serve its Security Park 
franchise area. Th e current service areas of these purveyors 
are shown on Figure 1-2.

1.3.4 Sacramento Groundwater Authority 
(SGA)

SGA is a joint powers authority (JPA) created to manage 
the North Basin. SGA’s formation in 19981 was a result 
of a coordinated eff ort by the Sacramento Metropolitan 
Water Authority (SMWA) and the Water Forum to estab-
lish an appropriate management structure for the North 
Basin.

SGA draws its authority from a joint powers agreement 
signed by the cities of Citrus Heights, Folsom, and Sac-
ramento, and the County of Sacramento and SCWA to 
exercise their common police powers to manage the un-
derlying groundwater basin. With this authority, SGA 
manages the basin through representatives of the 14 local 
water purveyors and a representative from the agricultural 
and self-supplied pumpers, these representatives serve as 
the Board of Directors.2 

1 The SGA was originally formed in 1998 as the Sacramento North Area Groundwater Management Authority.  In 2002, it was renamed the Sacramento 
Groundwater Authority.

2 SGA Board members include representatives of California-American Water Company, Carmichael Water District, Citrus Heights Water District, City of Folsom, 
City of Sacramento, Sacramento County Water Agency, Del Paso Manor Water District, Fair Oaks Water District, Natomas Central Mutual Water Company, Or-
ange Vale Water Company, Rio Linda/Elverta Community Water District, Sacramento Suburban Water District, San Juan Water District, American States Water 
Company, and individual representatives from agriculture and self-supplied groundwater users (principally parks and recreation districts).
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Figure 1-2. Zone 40 2030 Study Area

3 This value was estimated based on water use and facilities in the basin at the time the WFA was adopted.  This value was based on a number of assumptions, and 
was not intended to be a fi xed value that could not be modifi ed as conditions and assumptions changed in the basin.  Examples of changed conditions include 
new or improved water conveyance, treatment, and storage facilities or changes in water supply contracts.

4 The WFA is available online at www.waterforum.org or contact the Water Forum offi ce at (916) 264-1999.

At the core of the SGA’s management responsibility is a 
commitment to not exceed the average annual sustain-
able yield of the North Basin, which was estimated to be 
131,000 acre-feet3 in the WFA.4 To accomplish this objec-
tive and to provide a safe, reliable water supply for a rap-
idly growing northern Sacramento County, SGA adopted 
their GMP in December 2003. 

1.3.5 Regional Water Authority (RWA)

RWA represents a number of regional water supply inter-
ests and assists members in protecting and enhancing the 
reliability, availability, aff ordability, and quality of water 
resources. One of the principal missions of the RWA is fa-
cilitating implementation of the conjunctive use program 
prescribed by the WFA. Th e RWA currently has eighteen 
member agencies and three associate members, spanning 
Placer, Sacramento and El Dorado Counties. Th e County 
of Sacramento and SCWA are not members of RWA.
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1.3.6 
South Sacramento County Agricultural 
Water Authority (SSCAWA) and The 
Nature Conservancy (TNC)

Th e lower Cosumnes River watershed has been a major 
focus of conservation eff orts in the Central Valley and 
is identifi ed as a priority for ecosystem protection and 
restoration by both the California Bay-Delta Authority 
(formerly CALFED) and the USFWS Anadromous Fish 
Recovery Program, as well as in the Sacramento County 
General Plan.  Th e Cosumnes channel and its associated 
fl oodplains are a major source of recharge for the Central 
Basin, and declining groundwater levels have adversely ef-
fected the river’s salmon fi shery and other environmental 
values.  One of the goals of the WSMP environmental 
documentation has been to assess the extent of impair-
ment of Cosumnes River fl ows and aquatic values that has 
resulted from historic and ongoing groundwater pump-
ing (both M&I and agricultural) and to explore program-
matic opportunities for restoring and maintaining these 
aquatic values through integrated water management.  
Th e Cosumnes River conservation partnership, which 
includes state, federal, local government, and non-profi t 
land owners and managers, has been represented in the 
CSCGF process by TNC.

In addition to the natural values of the Cosumnes River 
corridor, the farmlands of the lower Cosumnes water-
shed are economically important and provide high value 
seasonal habitat for threatened and endangered wildlife 
species.  Th e agricultural interests of the lower Cosumnes 
River watershed have participated in the CSCGF through 
the Sacramento County Farm Bureau and the SSCAWA, a 
joint powers agency comprised of three irrigation districts.  
SSCAWA and TNC, with the support of SCWA, are in 
turn actively investigating opportunities for fl ow restora-
tion, conjunctive management, and enhanced recharge 
within the Cosumnes River corridor.

Because the ecological values of the Cosumnes River cor-
ridor have a statewide signifi cance, and the River presents 
opportunities for integrated water management, goals of 
this GMP include the recognition, enhancement, and 
maintenance of the ecological values of the Cosumnes 
Rivers. 

1.3.7 
Other Ongoing Groundwater 
Management-Related Activities within 
Zone 40

Th ere are a number of other on-going groundwater-re-
lated activities currently underway within Zone 40 and 
the Central Basin. Coordination between these eff orts 
and SCWA will be discussed in more detail later in this 
GMP. Th e activities closely related to SCWA’s groundwa-
ter management eff orts include, but are not limited to, 
the following:

� Groundwater contamination investigation and re-
mediation activities related to the former Mather 
Air Force Base now called Mather Field.

� Groundwater contamination investigation and 
remediation activities related to operations at the 
Aerojet-General Corporation (Aerojet) and the 
McDonnell-Douglas (Boeing) facilities. 

� Groundwater contamination investigation and 
remediation activities related to operations at the 
Kiefer Landfi ll, and other abandoned landfi lls with-
in Zone 40.

� Monitoring of groundwater levels and quality 
through participation in the California Depart-
ment of Water Resources (DWR) Well Monitoring 
Program.

� Monitoring of groundwater levels and quality at 
California State University, Sacramento (CSUS).

� Monitoring of groundwater quality by the U.S. 
Geological Survey (USGS) as part of its National 
Water Quality Assessment Program.

� Monitoring of site investigations and remediation 
eff orts at known leaking underground storage tanks 
(LUSTs) coordinated by the RWQCB.

1.4 PURPOSE OF THE SCWA ZONE 40 GMP

Th e purpose of this GMP is to maintain a sustainable, 
high-quality groundwater resource for the users of the 
groundwater basin underlying Zone 40.  Ultimately, this 
GMP will serve as the framework for a GMP that will 
cover the entire Central Basin.  Development of the Cen-
tral Basin GMP will be through the governance structure 
currently under negotiations by the CSCGF (see Section 
1.3.2).
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1.5 AUTHORITY TO PREPARE 
& IMPLEMENT A GMP

Th e authority of SCWA to manage the Zone 40 Ground-
water Basin is provided through the Water Agency Act.   
SCWA’s Board of Directors elected to prepare this GMP 
as one of the tools necessary to eff ectively manage the 
groundwater basin underlying Zone 40. Th is GMP is 
consistent with the provisions of CWC § 10750 et seq. as 
amended January 1, 2003.  

1.6 GMP COMPONENTS 

Th e SCWA GMP includes both required and voluntary 
components.

Table 1-1 lists these components and indicates the 
section(s) in which each component is addressed.
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Description Section(s)

A. CWC § 10750 et seq., Required Components5

1. Documentation of public involvement statement. Section 3.4; 
Section 6.3

2. Basin Management Objectives (BMOs). Section 3.2

3. Monitoring and management of groundwater elevations, groundwater quality, inelastic land surface subsidence, 
and changes in surface water fl ows and quality that directly affect groundwater levels or quality or are caused by 
pumping.

Section 3.5; 
Section 6.4

4. Plan to involve other agencies located within groundwater basin. Section 3.4

5. Adoption of monitoring protocols by basin stakeholders. Section 3.5

6. Map of groundwater basin showing area of agency subject to GMP, other local agency boundaries, and groundwater 
basin boundary as defi ned in DWR Bulletin 118.

Figures 1-1; 
1-2; 2-1

7. For agencies not overlying groundwater basins, prepare GMP using appropriate geologic and hydrogeologic 
principles. N/a

B. DWR’s Recommended Components6

1. Manage with guidance of advisory committee. Section 3.4.3

2. Describe area to be managed under GMP. Section 1; 
Section 2

3. Create link between BMOs and goals and actions of GMP. Section 3.2

4. Describe GMP monitoring program. Section 3.5

5. Describe integrated water management planning efforts.  Sections 1.3; 1.4; 
3.8

6. Report on implementation of GMP. Section 4.1

7. Evaluate GMP periodically. Section 4.1; 4.2

C. CWC § 10750 et seq., Voluntary Components7

1. Control of saline water intrusion. Section 3.6.6

2. Identifi cation and management of wellhead protection areas and recharge areas. Section 3.6.3; 3.6.4

3. Regulation of the migration of contaminated groundwater. Section 3.6.5

4. Administration of well abandonment and well destruction program. Section 3.6.2

5. Mitigation of conditions of overdraft. Section 3.7

6. Replenishment of groundwater extracted by water producers. Section 3.2

7. Monitoring of groundwater levels and storage. Section 3.5, 6.4

8. Facilitating conjunctive use operations. Section 3.4.2; 3.7; 
3.8.1

9. Identifi cation of well construction policies. Section 3.6.1

10. Construction and operation by local agency of groundwater contamination cleanup, recharge, storage, conservation, 
water recycling, and extraction projects.

Section 2.6; 2.7; 
2.9

11. Development of relationships with state and federal regulatory agencies. Section 3.4.4

12. Review of land use plans and coordination with land use planning agencies to assess activities that create reasonable 
risk of groundwater contamination. Section 3.8

Table 1-1. Location of GMP Components

5 CWC § 10750 et seq. (seven required components).  Recent amendments to the CWC § 10750 et seq. require GMPs to include several components to be eligible 
for the award of funds administered by DWR for the construction of groundwater projects or groundwater quality projects.  These amendments to the CWC were 
included in Senate Bill 1938, effective January 1, 2003.

6 DWR Bulletin 118 (2003) components (seven recommended components). 

7 CWC § 10750 et seq. (12 voluntary components).  CWC § 10750 et seq. includes 12 specifi c technical issues that could be addressed in GMPs to manage the basin 
optimally and protect against adverse conditions. 
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2.1  GROUNDWATER SUPPLIES

Th is section provides a regional description of the geologic and hydrogeologic conditions 
of the underlying groundwater basin.  A map showing the area of the South American 
River Subbasin, as defi ned by DWR Bulletin 118 (2003), and the Zone 40 boundary 
within this basin is presented in Figure 2-1.  

Th e South American Subbasin is defi ned as the area bounded on the west by the Sacra-
mento River, on the north by the American River, on the south by the Cosumnes and 
Mokelumne Rivers, and on the east by the Sierra Nevada Range.  Bulletin 118 provides 
additional information about the South American Subbasin on the agency’s Web site8  
including:

� Surface Area: 388 square miles.

� Th e perennial rivers that surround the subbasin generally create a groundwater di-
vide in the shallow subsurface.  It is clear that there is interaction between ground-
water of adjacent subbasins at greater depths.

� Average annual precipitation in the basin ranges from about 14 inches along the 
western boundary to greater than 20 inches along the eastern boundary.

� Th e eastern basin boundary is defi ned by the uprising foothills of the Sierra Ne-
vada and is a north-south line extending from Folsom Reservoir south to the 
small community of Rancho Murieta.  Th is represents the approximate edge of 
the alluvial basin where little or no groundwater fl ows into or out of the ground-
water basin from the Sierra Nevada foothills. Th e western portion of the subbasin 
consists of nearly fl at fl ood plain deposits from the Sacramento, American, and 
Cosumnes rivers, and several small east side tributaries.  

WATER RESOURCES SETTING

S
E

C
T

IO
N

Th is section describes the current understanding of surface 

and subsurface features within the Central Basin underlying 

Zone 40.  Locations and classifi cations of the diff erent types 

of groundwater users within the Central Basin are shown in 

Figure 3-2.  Within Zone 40’s boundaries, public retail water 

purveyors (i.e., Zone 41, FRCD/EGWS, and Cal-Am) cur-2
rently rely exclusively on groundwater or a combination of surface water and groundwater. Groundwa-

ter and surface water supplies available to the basin are summarized below.

Zone 40 currently utilizes groundwater, surface water, and recycled water.  Zone 40 also implements the 

16 Best Management Practices for water conservation as set forth in the SCWA‘s Urban Water Manage-

ment Plan and in the Water Forum Agreement.  

8  At: http://www.dpla2.water.ca.gov/publications/groundwater/bulletin118/basins/5-21.64_North_American.pdf 
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Figure 2-1. Location of South American Groundwater Subbasin

2.1.1  Overview of Hydrogeologic Setting

Th e groundwater resources of Sacramento County have been extensively investigated and reported in the DWR Bulletin 
118-3, Evaluation of Ground Water Resources: Sacramento County (July, 1974).
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2.2 HYDROSTRATIGRAPHY OF ZONE 40 AREA

Bulletin 118-3 identifi es and describes the various geo-
logic formations that constitute the water-bearing depos-
its underlying Sacramento County.  Th ese formations 
include an upper, unconfi ned aquifer system consisting 
of the Victor, Fair Oaks, and Laguna Formations (now 
known as the Modesto Formation), and a lower, semi-
confi ned aquifer system consisting primarily of the Meh-
rten Formation known for its fi ne black sands.  Th ese 
formations are shown on Figure 2-2 and are typically 
composed of lenses of inter-bedded sand, silt, and clay, 
interlaced with coarse-grained stream channel deposits.  
Figure 2-2 illustrates that these deposits form a wedge 
that generally thickens from east to west to a maximum 
thickness of about 2,500 feet under the Sacramento River.  
Th e Mehrten formation outcrops near the Sierra Foothills 
along the eastern Zone 40 boundary and is typically char-
acterized as a black sandy lens.

Groundwater in the Central Basin is generally classi-
fi ed as occurring in a shallow aquifer zone (Laguna or 
Modesto Formation) or in an underlying deeper aquifer 
zone (Mehrten Formation). Within Zone 40 the shallow 

aquifer extends approximately 200 to 300 feet below the 
ground surface and, in general, the water quality in this 
zone is considered to be good except for the occurrence of 
arsenic in some locations. Th e shallow aquifer is typically 
targeted for private domestic wells requiring no treatment 
unless high arsenic values are encountered. 

Th e deep aquifer is separated from the shallow aquifer by 
a discontinuous clay layer that serves as a semi-confi ning 
layer for the deep aquifer. Th e base of the potable water 
portion of the deep aquifer averages approximately 1,400 
feet below the ground surface. Water in the deep aquifer 
typically has higher concentrations of total dissolved sol-
ids (TDS), iron, and manganese. Groundwater used in 
Zone 40 is supplied from both the shallow and deeper 
aquifer systems.  

Older municipal wells and all domestic wells have been 
constructed in the shallow aquifer zone to avoid treat-
ment.  However, Zone 40 policies and practices  has led to 
the construction of larger municipal wells that target the 
Mehrten Formation where higher production rates can be 
achieved and less impact to private domestic wells occur.  
Th is policy requires treatment of all municipal wells to 

Figure 2-2. Regional Stratigraphic Column
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meet primary and secondary drinking water quality standards.  
Th is is discussed in more detail in the following section.

2.3 GROUNDWATER QUALITY

As mentioned previously, water quality in the upper 
aquifer system is regarded as superior to that of the lower 
aquifer system.  Th e upper aquifer is preferred over the 
lower aquifer principally because the lower aquifer system 
(specifi cally the Mehrten formation) contains higher con-
centrations of iron and manganese.  Water from the upper 
aquifer generally does not require treatment (other than 
disinfection).  Th e lower aquifer system also has higher 
concentrations of total dissolved solids (TDS, a measure 
of salinity) than the upper aquifer, although it typically 
meets water quality standards as a potable water source.  
In general, groundwater at depths of approximately 1,400 
feet or greater (actual depth varies throughout the basin), 
the TDS concentration exceeds 2,000 milligrams per liter 
(mg/L).  At these concentrations, groundwater is consid-
ered to be non-potable unless reverse osmosis treatment is 
used to remove the dissolved solids. 

Background Water Quality. Source groundwater quality 
meets all California Code of Regulations (CCR) Title 
22 primary and secondary drinking water quality stan-
dards, with the exception of iron, manganese, and arsenic. 
A number of Zone 40’s wells exceed secondary drinking 
water standards for iron and manganese. Secondary stan-
dards were established for aesthetic concerns (e.g., stain-
ing of laundry and porcelain fi xtures), and at elevated lev-
els do not pose a health hazard. Arsenic concentrations in 
six wells have been measured at levels that exceed recently 
implemented federal drinking water standards of 10 mi-
crograms per liter (µ/L) (January 2001); these regulations 
require compliance by January 2006. Radon has also been 
measured in the groundwater in the greater Sacramento 
County area, although not at levels exceeding the current 
drinking water standards. 

Th is description of background water quality is based 
on data used to populate the Data Management System 
(DMS).  Available groundwater quality data from moni-
toring between 1999 and 2003 were used to populate the 
DMS for the Zone 40 groundwater basin.  Th e DMS can 
be used to query data and develop statistics and graphics 
for the constituents included in this evaluation. 

Total Dissolved Solids. TDS concentrations in most mu-
nicipal wells are within the secondary drinking water 

standard; therefore, TDS does not limit the potable use of 
groundwater by Zone 40. 

Iron and Manganese. Iron and manganese is found in the 
deeper Zone 40 wells and requires treatment through the 
addition of chlorine and pressurized sand fi ltration; there-
fore, iron and manganese does not limit the potable use of 
groundwater by Zone 40. Iron concentrations range from 
non-detect (less than 10 µg/L) to 16,000 mg/L, although 
most wells have average values less than 200 mg/L.  Man-
ganese concentrations range from non-detect (less than 2 
mg/L), to 1,700 mg/L, although most wells have average 
values less than 50 mg/L.

Arsenic. Arsenic levels for individual wells and ground-
water treated at a treatment plant are within the current 
primary drinking water standards; therefore, arsenic will 
not limit the potable use of groundwater.  Prior to January 
2006, wells that exceed the new arsenic standard and are 
not treated will be phased out and replaced through new 
construction or rehabilitation to deliver untreated water 
to an existing or future groundwater treatment plant.

Known “Principal” Contaminant Plumes. Principal ground-
water contaminant plumes within or near the Zone 40 area 
are known to exist from source areas at Mather Field, Aero-
jet, and Boeing are shown on Figure 2-3.  Contaminant 
plume data was collected from the following documents:

Montgomery Watson Harza (MWH).  Mather Air Force 
Base Annual and Fourth Quarter 2002 Sitewide Ground-
water Monitoring Report.  March 2003.

Aerojet Environmental Remediation.  Aerojet General Corp 
Superfund  Site, Western Groundwater Cleanup 2004 
Progress Report.

McDonnell Douglas/Boeing Environmental Remediation.  
McDonnell Douglas Sacramento Site, American River 
Study Area Groundwater Monitoring Results, April – 
June 2002.  August 2002.

Disposal Sites.  Integrated Waste Management Board.

Inactive Rancho Cordova Test Site.  Figure 1 of ENSR 2001 Re-
port showing well locations used in model development.

Although other localized plumes exist in and around Zone 
40, the principal plumes shown in Figure 2-3 are the largest 
and have the greatest current impact on existing groundwater 
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Figure 2-3. Principle Contaminant Plumes

use. For the Mather Field plumes, the primary Contami-
nants of Concern (COCs) are tetrachloroethylene (TCE), 
perchloroethylene (PCE), and carbon tetrachloride.  Th e 
Mather Field plume edges represent a composite COC con-
centration of 0.5 mg/L, which is one-tenth of the maximum 
contaminant level (MCL) for these constituents.

For the Aerojet and Boeing plume, the primary COCs are 
TCE, n-nitrosodimethylamine (NDMA), and perchlorate.   

Th ere are currently 106 active leaking underground fuel 
tank (LUFT) sites within Zone 40 (source:  http://geo-
tracker.swrcb.ca.gov).  While many sites can be fully 
remediated, the aggregate impact from undetected con-
tamination on groundwater quality in the basin can-
not be determined at this time and may ultimately 
be considerable.

October 2004
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2.4  Recharge and Extraction of Groundwater 
in Sacramento County

Evaluating changes in aquifer conditions requires an un-
derstanding of the dynamic processes and interactions 
that are taking place as extractions and recharge of the 
aquifer occur.  Conceptual models of the aquifer that de-
scribe induced recharge, aquifer storage, and diff erences 
between localized and regional eff ects on the aquifer are 
discussed below.   Th ese conceptual models are meant to 
clarify concepts; not all aspects of groundwater hydraulics 
are described.  Th ese models only apply to the Central 
Basin and adjoining basins within Sacramento County. 

Recharge. Groundwater in Central Sacramento County 
moves from sources of recharge to areas of discharge. Re-
charge to the local aquifer system occurs along active river 
and stream channels where extensive sand and gravel de-
posits exist, particularly along the American, Cosumnes, 
and Sacramento River channels. Additional recharge oc-
curs along the eastern boundary of Sacramento County 
at the transition point from the consolidated rocks of the 
Sierra Nevada to the alluvial deposited basin sediments.  
Th is typically occurs through fractured granitic rock that 
makes up the Sierra Nevada foothills.  Other sources of 
recharge within the area include deep percolation from 
applied surface water, precipitation, and small streams. 

Changes in the groundwater surface elevation (or pi-
ezometric surface) result from changes in groundwater 
recharge, discharge, or extraction.  In some instances, 
this change in groundwater elevation can induce natu-
ral recharge at locations where rivers or streams and the 
aquifer are hydraulically connected.  To the extent that 
a hydraulic connection exists, as groundwater conditions 
change, the slope or gradient of the groundwater surface 
may change as well.  A steeper gradient away from the 
stream would induce higher recharge from surface water 
into the aquifer. 

Th e rate of recharge from streams that are hydraulically 
disconnected from the groundwater surface is indiff erent 
to changes in groundwater elevations or gradient.  Th is is 
typically true with smaller streams where the groundwater 
surface is located far below the streambed. In such cases, 
surface water percolates through the unsaturated zone to 
the groundwater and its rate is a function of the aquifer 
materials underlying the streambed and the water level in 
the surface stream.  Th e rate of infi ltration under these 

conditions is not controlled by the change in elevation 
of the underlying groundwater.  In the case of larger riv-
ers, the American and Sacramento Rivers are considered 
to be hydraulically connected and the Cosumnes River is 
considered to be hydraulically disconnected in the lower 
reaches of the river that fl ow into the Central Basin.  Th is 
GMP recognizes the importance of maintaining hydraulic 
connections with the larger river sources for sustainability 
of the groundwater supply and the environmental ben-
efi ts of keeping water fl owing in the riverbed.

Localized Impacts of Groundwater Extraction. When extrac-
tions occur from a single well, a concentrated localized 
cone of depression is formed around the well.  Th e shape 
and depth of the localized cone of depression depends on 
several factors including, but not limited to: (1) the rate of 
extraction, (2) the presence of nearby sources of recharge 
and/or extraction, (3) aquifer transmissivity, (4) natural 
impervious barriers or earthquake faults, and (5) the “con-
fi ned” or “unconfi ned” state of the aquifer, (i.e., storage 
coeffi  cient).  Over time, extraction from an unconfi ned 
aquifer can de-water the aquifer around the well.  How-
ever, when extraction ceases, the water level within the 
aquifer typically rebounds to its pre-extraction condition.   

A confi ned or semi-confi ned aquifer behaves diff erently 
since the water is under pressure from a recharge source.  
Instead of de-watering the aquifer, a change in confi n-
ing pressure occurs as a result of extractions; the aquifer 
remains saturated.  In a confi ned aquifer, the pressure or 
piezometric surface elevation decline is more dramatic 
than in an unconfi ned aquifer; however, the recovery to 
pre-extraction conditions is typically much faster.   

Regional Impacts of Groundwater Extraction. Large region-
al cones of depression can form in areas where multiple 
groundwater extraction wells are in operation.  Th e loca-
tion and shape of a regional cone of depression is infl u-
enced by the same factors as a single well. Th e regional 
cone of depression within Zone 40 is shown on Figure 
2-4, as part of a water elevation contour map for spring 
of 2003.  Th is map was prepared using water elevation 
data from DWR’s water data library available on-line at: 
http://wdl.water.ca.gov.   Th e map contours were deter-
mined using the Inverse Distance to a Power method.  

Fluctuations in regional cones of depression are measured 
over years and result from: (1) changes in recharge, and 
(2) changes in extractions from increasing and decreasing 
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Figure 2-4. Spring 2003 Groundwater Elevation Contours

water demands.  For example, a sequence of successive dry 
years can decrease the amount of natural recharge to the 
aquifer.  If this is coupled with a coinciding increase in 
groundwater extraction, an imbalance is created between 
natural recharge and extractions.  Consequently, ground-
water elevations would decrease in response to this imbal-
ance. Over time, the shape and location of the aquifer’s 
regional cone of depression fl uctuates.  

Intensive use of the groundwater basin has resulted in a 
general lowering of groundwater elevations near the center 
of the basin away from the sources of recharge.  As early 
as 1968, pumping depressions were evident in the Central 
Basin.  Th ese depressions have grown and coalesced into a 
single cone of depression centered in the southern portion 
of the Zone 40 area as shown in Figure 2-4.

Groundwater Level Trends. A review of 11 long-
term hydrographs as shown in Figure 2-5 shows a 
pattern of groundwater level trends through much 
of Zone 40. Groundwater elevations generally de-
clined consistently from the 1950s-1960s to about 
1980 on the order of 20-30 feet. From 1980 
through 1983 water levels recovered by about 10 
feet and remained stable until the beginning of 
the 1987 through 1992 drought. From 1987 un-
til 1995, water levels declined by about 15 feet. 
From 1995 to 2003 most water levels recovered 

Th e Inverse Distance to a Power gridding method was used to contour the 
water elevation data posted on Figure 2-4.  Th is contouring method is 
a weighted average interpolator and is best used when there is a uniform 
distribution of data.  With Inverse Distance to a Power, data are weighted 
during interpolation such that the infl uence of one point relative to an-
other declines with distance from the grid node. Normally, Inverse Dis-
tance to a Power behaves as an exact interpolator. When calculating a grid 
node, the weights assigned to the data points are fractions, and the sum of 
all the weights are equal to 1.0.
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generally higher than levels prior to the 1987 through 
1992 drought.  Much of this recovery can be contributed 
to the higher use of surface water in Zone 40 and the fal-
lowing of agricultural areas as they transitioned into new 
development areas in accordance with the General Plan. 

Southern Area. Th e southern portion of Zone 40 extends 
from Interstate 5 to just east of Highway 99.  Ground-
water level trends in this area can be seen in hydrographs 
from wells SWP-115, SWP-058, and SWP-054 shown 
on Figure 2-5.  Th e hydrographs for these wells show 
groundwater levels varying between 10 and 90 feet below 
mean sea level (MSL) between wells. 

Central Area. Th e central portion of Zone 40 is the area 
between Highway 99 and Highway 16 (Jackson High-
way). Groundwater level trends in this area can be seen in 
hydrographs from wells SWP-121, SWP-124, SWP-125, 
SWP-128, SWP-188 shown on Figure 2-5.  Th e hydro-
graphs for these wells show groundwater levels varying be-
tween 40 feet above to 40 feet below MSL between wells.

Northern Area. Th e northern portion of Zone 40 is the 
area north of Highway 16 (Jackson Highway).  Th e gen-
eral trend in this area is more stable than the other areas.  
Water level trends in this area can be seen in hydrographs 
from wells SWP-255, SWP-202, and SWP-209.  Th e hy-
drographs for these wells show declines of about 40 feet 
since 1960.
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FIGURE 2-5. Zone 40 Groundwater Elevation Hydrographs
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2.5 SURFACE WATER SUPPLIES

Current water supply for Zone 40 is groundwater, recy-
cled water, and surface water. To date, surface water has 
met less than 12% of Zone 40’s water demands each year.  
SCWA’s surface water contracts provide for two points of 
diversion, at or near the mouth of the American River or 
just north of the community of Freeport on the Sacra-
mento River.  

Approximately 4,500 AF/year of surface water (a portion 
of SCWA’s 15,000 AF/year CVP contract water [P.L. 101-
514]) is diverted at the City of Sacramento’s Sacramento 
River Water Treatment Plant (SRWTP). Th is water is then 
wheeled through the City of Sacramento’s conveyance fa-
cilities to a connection with Zone 40 facilities in Franklin 
Boulevard for use in the southern portion of Zone 40.  
In addition, there is approximately 2,066 AF/year of sur-

face water used in the Sunrise Corridor service area which 
is purchased from American States Water Company as a 
short-term replacement for groundwater capacity lost as a 
result of contamination by Aerojet.  Major surface water 
sources in the vicinity of Zone 40 include the American 
River to the north, Sacramento River to the west, and Co-
sumnes River to the southeast.  Other surface water sourc-
es within or near Zone 40 include Deer Creek, which is 
tributary to, and parallels the Cosumnes River on the 
north, and the Morrison Creek Stream Group (Morrison, 
Elder, Gerber, Unionhouse, Florin, and Laguna creeks), 
which generally fl ow in a southwesterly direction across 
the Central Basin.  Th is section describes the major sur-
face water supplies available to Zone 40.  Table 2-1 is 
excerpted from the WSMP to indicate the existing and 
future surface water supplies being pursued at this time.  
Th e description for each of the supplies is provided in the 
table notes below.

Component Water Source(s)

Entitlement 
Amount
(AF/year)

Estimated Long 
Term Average 
Use(AF/year) Reliability

Appropriative Water Supplies American and 
Sacramento River Undetermined 14,600 Low

CVP Supplies
SMUD 1 Assignment
SMUD 2 Assignment
“Fazio” Water (PL 101-514)

American River 15,000 13,000 Moderate

American River 15,000 13,000 Moderate

American River 15,000 13,600 Moderate

Other Water Supplies

Other Transfer Water Supplies American and 
Sacramento River Undetermined 6,400

Variable 
(Moderate 
to High) 

Purchase of Water From City 
for Use Within the American 
River POU

American River 9,300 9,300 High

Total Surface Water 87,300 69,900

  Table 2-1. Detail of Surface Water Supply Components

Source: WSMP

Notes
1. Appropriative Water.  SCWA has submitted an application to the State Wa-

ter Resources Control Board (SWRQB) for the appropriation of water from 
the American and Sacramento Rivers (the Board authorized submittal of 
this application on May 30, 1995).  This water is considered intermittent 
water that typically would be available during the winter months of normal 
or wet years.  This water could be used for groundwater recharge.

2. SMUD 1 Surface Water Assignment.  Under the terms of a three party 
agreement (SCWA, SMUD, and the City), and in accordance with SMUD’s 
PSA, the City provides surface water to SMUD for use at two of SMUD’s 
cogeneration facilities.  SMUD, in turn, will assign 15,000 AF/year of its 
USBR CVP contract water to SCWA for M&I use.  As the cogeneration 
facilities are located within the City’s American River POU, authorization 
by State Water Resources Control Board  (SWRCB) is not required.  This 
CVP contract assignment is complete.

3. SMUD 2 Surface Water Assignment.  SMUD’s PSA directs SMUD to as-
sign a second 15,000 AF/year to SCWA and for SCWA to construct ground-
water facilities necessary to meet SMUD’s dry year water shortages of up 
to 10,000 AF/year.  This CVP contract assignment is complete.

4. CVP Water Public Law 101-514 (“Fazio” Water).  In April 1999, SCWA ob-
tained a CVP water service contract pursuant to PL 101-514 that provides 
a permanent water supply to Zone 40 of 15,000 AF/year.

5. Other Water Supplies.  SCWA enters into purchase and transfer agree-
ments with other entities that currently hold surface water rights in the 
north Sacramento River basin.  This water could be used for groundwater 
recharge.

6. Purchase of Water from the City for use Within the American River POU.  
SCWA’s PSA directs SCWA to enter into an agreement with the City 
whereby the City will sell surface water to SCWA for use in the portion of 
Zone 40 that lies within the City’s American River POU.
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2.5.1 Surface Water Conditions

2.5.1.1 Sacramento River

Th e Sacramento River drainage basin upstream of Zone 
40 encompasses approximately 23,500 square miles and 
produces an average annual runoff  of about 17,000,000 
acre-feet (AF) as measured at the Freeport gaging sta-
tion (below the confl uence with the American River).  
Principal reservoirs controlling fl ows in the lower Sac-
ramento River include Lake Shasta (4,552,100 AF) on 
the Sacramento River upstream of Redding, Trinity Lake 
(2,448,000 AF), which regulates deliveries made to the 
Sacramento River from the Trinity River basin, Lake Oro-
ville (3,538,000 AF), and Folsom Reservoir (975,000 
AF).  Based on the 30-year record of data for the period 
1968 through 1998, which spans a variety of water year 
types, individual monthly average fl ows have ranged from 
a low of 4,500 cubic feet per second (cfs) in October 1978 
to a maximum of 87,000 cfs in January 1997.  Overall, 
the average monthly fl ows of all 30 years range between 
13,000 and 40,600 cfs, with the lowest fl ows occurring in 
October and peak fl ows in February.  Th e 30-year aver-
age monthly fl ow during the wetter months of December 
through May is 32,200 cfs.  During the typically drier 
months of June through November, the average monthly 
fl ow is 16,500 cfs.

2.5.1.2 American River 

Th e American River drainage basin encompasses approxi-
mately 1,900 square miles.  Folsom Reservoir is the prin-
cipal reservoir in the basin with a capacity of 975,000 AF.  
Several smaller upstream reservoirs contribute another 
820,000 AF of storage capacity.  Nimbus Dam impounds 
Lake Natoma downstream of Folsom Dam and regulates 
releases from Folsom Reservoir to the lower American 
River.  Th e entrance facilities to the Folsom South Canal 
are located along the south shore of Lake Natoma im-
mediately upstream of Nimbus Dam.  Mean annual fl ow 
in the lower American River is 3,300 cfs and the design 
capacity of the channel for fl ood fl ows is 115,000 cfs.

2.5.1.3 Cosumnes River

Th e Cosumnes River watershed extends from the head-
waters, at an elevation of approximately 7,500 feet on the 
western slope of the Sierra Nevada, to the confl uence with 
the Mokelumne River, approximately 10 miles south of 
the Zone 40 area.  Th e Cosumnes River is the last major 
river on the western slope of the Sierra Nevada with 

no major dams.  Minor dams on the river are used for 
recreational purposes.  Th e hydrology of the Cosumnes 
River has changed substantially since development of the 
region and was likely the source of surface water diver-
sions for agriculture since the 1800s.  Until the 1940s, the 
Cosumnes River fl owed year-round because it received 
basefl ow from the extensive fl oodplain aquifer.  Historical 
data suggest that fl ow volumes in the lower basin steadily 
decreased from 1942 to 1982, with more frequent periods 
of very low or no fl ow.  During September and October, 
fl ows in the river are 27-30 cfs at Michigan Bar.  Cur-
rently, surface fl ow ceases in a 5- to 10-mile section of 
the river (between Meiss Road and State Route 99) nearly 
every year at the end of California’s dry season.  Ground-
water pumping is at least partly responsible for the decline 
in fall fl ows.

Th e ecological values of the Cosumnes River are of inter-
est to many state, federal, and private institutions such as 
CALFED, AFRP, World Heritage Site, TNC, etc.  Th e 
above mentioned low fl ows in the Cosumnes river attri-
bute to a degradation of fi shery, wildlife, recreational, and 
aesthetic resources of the lower Cosumnes River. Water 
temperature is also an issue associated with fl ow impair-
ment and poses a threat to the salmon fi shery.  

2.5.2  Surface Water Quality

Based on the most current Watershed Sanitary Surveys 
for the American and Sacramento Rivers, both rivers are 
an excellent source of supply for drinking water in the 
Sacramento Metropolitan Area. Th ese source waters can 
be treated to meet all Title 22 drinking water standards 
using both conventional and direct fi ltration processes, as 
well as membranes. Th ere are no persistent constituents in 
the raw waters that require additional treatment process-
es. However, there are seasonal treatment requirements at 
times for rice herbicides on the Sacramento River.  Th is 
treatment requirement is addressed through chemical 
oxidation processes.  High turbidities during storm events 
are a treatment challenge which can be managed by opti-
mizing operations including adjusting chemical types and 
dosing schemes and by reducing plant fl ow (Montgomery 
Watson and Archibald & Wallberg, 2000).

Primary drinking water standards are set for constituents 
that cause adverse impact to human health. Secondary 
drinking water standards are set for constituents that cause 
unpleasing aesthetic impact on the water quality; these are 
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not health-based standards.  Th ere were no violations of 
primary or secondary drinking water standards reported 
in any treated surface water supply.

2.5.2.1 American River

Surface water quality in the American River is a func-
tion of the mass balance of water quality from tributary 
streams, diversions, agricultural return fl ows, subsurface 
drainage fl ows, permitted discharges from municipal and 
industrial (M&I) sources, and urban runoff .  In general, 
the quality of water in the American River is high from the 
river’s headwaters to its confl uence with the Sacramento 
River.  It is low in alkalinity, low in disinfection by-prod-
uct precursor materials, low in mineral content, and low 
in organic contamination.  Limited data also indicate that 
the water is low in microbial contamination from Giardia 
and Cryptosporidium.  Turbidity levels in the American 
River tend to be higher in the winter than summer be-
cause of higher fl ows associated with winter storms.  

Lower American River at the City of Sacramento’s E.A. Fair-
bairn Water Treatment Plant. Th e City of Sacramento di-
verts water on the lower American River just downstream 
of the Howe Avenue crossing at the E.A. Fairbairn WTP.  
Th is water may be used by other entities within the Amer-
ican River POU on a wholesale basis.  Water diverted at 
the plant undergoes conventional treatment and disinfec-
tion.  Th e treated water meets all current Title 22 drink-
ing water quality standards (Archibald & Wallberg and 
MWH, 2003).

2.5.2.2 Sacramento River

Sacramento River water quality is largely infl uenced by 
a mass balance of water quality from upstream reservoir 
release operations, tributary fl ows (including the lower 
American River), agricultural runoff , subsurface drain-
age fl ows, and diversions, with other impacts from per-
mitted discharges from M&I sources, urban runoff  and 
spills.  In general, the quality of the Sacramento River 
is high in the vicinity of Zone 40.  Th ere are moderate 
amounts of alkalinity and minerals and low levels of dis-
infection by-product precursors.  Turbidity levels in the 
Sacramento River are higher during the winter and early 
spring months, usually associated with reservoir releases 
or runoff  from storm events.  Th ere are very infrequent 
detects of organic chemicals, many of which are pesticides 
or herbicides from agricultural operations.  Data collected 
to date indicate that there is a low prevalence of Giardia 

and Crytposporidium in the river, with protozoa only de-
tected sporadically and at very low concentrations.

Th e characterization of the Sacramento River water qual-
ity in the vicinity of Zone 40 is based on reports from the 
SRWTP (Sacramento River Watershed Sanitary Survey; 
1995 Report and 2000 Update, prepared by MWH and 
Archibald & Wallberg).

Sacramento River at the City of Sacramento’s SRWTP. Th e 
City of Sacramento diverts water from the Sacramento 
River just downstream of the confl uence with the American 
River.  Th is water can be supplied to Sacramento and 
other entities within the place of use on a wholesale basis.  

Sacramento treats water using conventional treatment 
processes (i.e., fl occulation, sedimentation, and fi ltration) 
with chlorine disinfection.  Treated water quality meets 
or exceeds all federal and state drinking water standards 
under current operations.  Sacramento includes corrosion 
control in their treatment of the water.

2.5.2.3 Cosumnes River

Water quality in the Cosumnes River watershed is aff ect-
ed primarily by land-use and land cover.  Monitoring data 
indicate that most of the river’s nutrients and suspended 
sediments originate in the lower portion of the watershed 
below the Michigan Bar gauging station.  Nutrient load-
ing is strongly aff ected by a few point sources (e.g., waste-
water treatment facilities in El Dorado County) and non-
point sources related to urbanized areas and agricultural 
activity (Ahearn and Dahlgren 2000).

2.6 RECYCLED WATER SUPPLIES

A partnership between SCWA and the SRCSD has led to 
the implementation of a fi ve million gallon per day (MGD) 
Water Recycling Program.  Th is program provides recycled 
water for SRCSD on-site uses and for large irrigation cus-
tomers in Zone 40.  Recycled water is a desirable source of 
water for landscape irrigation and other non-potable uses 
because it conserves potable supplies, especially in times 
of drought. Recycled water also provides an alternative to 
discharging treated wastewater into the Sacramento River.

2.7 EXISTING FACILITIES 

Th is section describes the capital facilities in Zone 40  
that are owned and operated by SCWA for the treatment, 
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storage, and conveyance of groundwater and surface wa-
ter supplies.  As of late 2003, these facilities included a 
transmission and distribution system, approximately 46 
MGD of groundwater production capacity, and 6 MGD 
(expandable to 11 MGD) of non-dedicated surface water 
treatment plant capacity from the City of Sacramento.  

Water supply capital facility components have been 
grouped into the following categories: (1) groundwater, 
(2) surface water, and (3) recycled water.  All facilities nec-
essary to develop a particular supply source (i.e., wells and 
conveyance systems) have been grouped together under 
these categories.  Th ese facilities are shown in Figure 2-6.

2.7.1  Groundwater Facilities

Existing wells are shown in Table 2-2. Th ese wells do not 
account for all wells within Zone 40’s boundaries but only 

include those owned and operated by SCWA.  Capital 
facilities necessary to provide groundwater production 
capacity include wells (including raw water piping to 
the treatment plant), treatment, conjunctive use facilities 
(storage and pumping), and conveyance to the distribu-
tion system.  Treatment facilities have a maximum day 
input capacity ranging from approximately 2 MGD to 11 
MGD per facility.  Treatment plants provide iron, manga-
nese, and possible arsenic removal.

2.7.2  Surface Water Facilities 

Future capital facilities for surface water consist of a diver-
sion structure on the Sacramento River near the commu-
nity of Freeport, a raw water conveyance pipeline from 
the diversion structure to the central portion of Zone 40 
(both constructed in partnership with the East Bay Mu-
nicipal Utility District), an 85 MGD (ultimate capacity) 

Figure 2-6. Existing SCWA Zone 40 Facilities
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DMS Well ID Well Name           State Well ID Well Status Installation Date Pump Model Motor Type Motor Size (Hp) Pump Capacity 
(gpm)

Well Depth (feet) Boring Depth (feet) Drilling Method Well Diameter Alternate Name Nearest Cross Street Community 
Area Served

Ground 
Elevation

184 VINTAGE PARK W-060 null null 05/02/88 #N/A #N/A #N/A #N/A 190 220 Reverse Rotary 14 Vintage Park Vintage Park Dr. Elk Grove null

185 CAYMUS W-061 034/029-062 Active 06/01/88   0 1600 914 914 Reverse Rotary 16 Caymus Vintage Park Dr. Elk Grove null

372 UNION INDUSTRIAL W-027 06N/06E-07Q02 M Active 08/01/83 Turbine Aurora 12 RH 125 1300 470 470 Cable Tool 16 null Southeast side of 
Elkmont Way

Elk Grove 45

373 SURVEY RD W-028 06N/06E-18A01 M Active 08/01/83 Turbine Aurora 12 RH 125 1300 500 500 Cable Tool 16 null 9262 Survey Rd. Elk Grove 45

374 STOCKTON BL W-029 06N/06E-18J02 M Active 08/01/83 Turbine Aurora 12 RH 125 1300 490 490 Cable Tool 16 null Northeast side of E. 
Stockton Blvd.

Elk Grove 45

375 BRUCEVILLE W-040 06N/06E-18J02 M Active 06/01/86 Peerless Deepwell Turbine 100 1050 270 270 Reverse Rotary 16 Bruceville West side of Bruceville 
Rd.

Elk Grove 27

376 SEASONS W-041 034/029-062 Active 07/01/86 Peerless Deepwell Turbine 75 600 256 256 Reverse Rotary 16 Seasons North side of Seasons 
Drive

Elk Grove 28

377 BANYON W-042 034/029-062 Active 07/01/75 Peerless Deepwell Turbine 75 760 245 245 Reverse Rotary 14 Banyon East side of Banyoh Dr. Elk Grove 22

378 DUCK SLOUGH W-043 034/029-062 Active 11/04/86 Peerless Submersible 100 1000 252 265 Reverse Rotary 16 null 5803 Laguna Park Dr. Elk Grove 25

379 KILCONNELL W-044 034/029-062 Active 08/01/86 Peerless Deepwell Turbine 75 750 302 302 Reverse Rotary 16 Kilconnell South side of Kilconnel 
Dr.

Elk Grove 25

380 ACROPOLIS W-045 034/029-062 Active 10/23/86 Peerless Deepwell Turbine 100 1000 242 295 Reverse Rotary 16 null North side of Acropolis 
St.

Elk Grove 25

381 ASHURST W-046 034/029-062 Active 06/01/87 Peerless Deepwell Turbine 100 1000 230 295 Reverse Rotary 16 Ashurst East side of Franklin 
Blvd.

Elk Grove 20

382 FEATHER CREEK W-047 034/029-062 Active 11/01/86 Peerless Submersible 100 800 238 238 Reverse Rotary 16 Feather Creek South side of Feather 
Creek

Elk Grove 24

383 WADENA W-048 034/029-062 Active 07/01/75 Ingersoll-Rand Deepwell Turbine 100 1050 286 290 Reverse Rotary 14 null East side of Wadena 
Way

Elk Grove 35

384 SOARING OAKS W-049 034/029-062 Active 07/10/75 Ingersoll-Rand Deepwell Turbine 100 1050 302 302 Reverse Rotary 14 null West side of Soaring 
Oaks Dr.

Elk Grove 30

385 BIG HORN SOUTH W-050 034/029-062 Active 07/01/86 Ingersoll-Rand Deepwell Turbine 125 1375 245 246 Reverse Rotary 16 Big Horn South Big Horn Elk Grove  

386 BIG HORN CENTER W-051 034/029-062 Active 10/01/86 Ingersoll-Rand Deepwell Turbine 100 1000 249 265 Reverse Rotary 16 null East side of Big Horn 
Blvd.

Elk Grove 32

387 BIG HORN NORTH W-052 034/029-062 Active 07/01/86 Ingersoll-Rand Deepwell Turbine 100 940 240 240 Reverse Rotary 16 Big Horn North Big Horn Elk Grove  

388 WHITE ROCK W-017 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

389 RECYCLE W-018 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

390 W-62  ANDAL 034/029-062 Active 06/01/88   0 1100 296 296 Reverse Rotary 6 null Southwest side of 
Andalusian Dr.

Elk Grove 70

391 EQUINE W-063 034/029-062 Active null   0 1000 0 0 null 0 null North side of Equine Dr. Elk Grove 70

396 3RD STREET W-019 06N/04E-14N01 M Active 06/01/55 Byron Jackson Verticle Turbine 10 500 192 225 Cable Tool 12 null West side of third Street Sacramento 7

397 HOOD-FRANKLIN RD 
(replace 398)

null Active 08/01/80 Gould Deepwell Turbine 30 550 340 340 Cable Tool 12 null South side of Hood-
Franklin Rd

Hood 7

398 HOOD-FRANKLIN RD 
W-020

null Active #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

399 SWALE null Active #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

447 OMEGA null Active #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

483 WESTRAY W-064 034/029-062 Active 06/01/88   0 1500 920 920 Reverse Rotary 2 Westray Elk Grove-Florin Elk Grove  

484 SHELDON NORTH W-065 034/029-062 Active 06/01/89   0 0 250 260 Reverse Rotary 16 null North side of Sheldon 
Rd.

Elk Grove 30

499 WATERMAN RD W-067 034/029-062 Active 06/01/00   0 1500 970 1009 Reverse Rotary 15 null 8246 Waterman Rd. Elk Grove 75

5172 null null null  #N/A #N/A #N/A #N/A 999 999      0

5173 CALVINE MEADOWS 
W-066

null null 09/04/93 #N/A #N/A #N/A #N/A 684 695 Reverse Rotary 16 Calvine Meadows Vineyard Elk Grove  

5174 TILLOTSON W-068 null null 04/02/97 #N/A #N/A #N/A #N/A 921 950 Reverse Rotary 16 Tillotson Parkway S/E Corner Meadow 
Brook IV Dev.

Sacramento  

5175 PERRY RANCH W-069 null null 04/02/99 #N/A #N/A #N/A #N/A 880 890 null 16 Perry Ranch West of Waterman Rd. Sacramento  

5176 DWIGHT RD RAW WATER 
WELL 

null null 06/27/99 #N/A #N/A #N/A #N/A 740 880 Reverse Rotary 16 Dwight S. of Dwight Rd Sacramento  

Table 2-2. Summary of SCWA Wells Owned and Operated by Zone 41
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Table 2-2. Summary of SCWA Wells Owned and Operated by Zone 41 cont.

DMS Well ID Well Name           State Well ID Well Status Installation Date Pump Model Motor Type Motor Size (Hp) Pump Capacity 
(gpm)

Well Depth (feet) Boring Depth (feet) Drilling Method Well Diameter Alternate Name Nearest Cross Street Community 
Area Served

Ground 
Elevation

5177 East Park W-073 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5178 W. Stockton Blvd. W-074 null null 09/14/99 #N/A #N/A #N/A #N/A 206 225 null 18 Park Meadows W. Stockton Blvd. Sacramento  

5179 Legends W-076 null null 12/20/99 #N/A #N/A #N/A #N/A 702 720 Reverse Rotary 16 Legends W. Savona Dr. Elk Grove  

5180 LW-78 POPPY RIDG null null 06/03/02 #N/A #N/A #N/A #N/A 1305 1320 Rotary 18 Poppy Ridge 7510 Poppy Ridge Elk Grove  

5181 LW-105 AZINGER null null 09/14/01 #N/A #N/A #N/A #N/A 629 720 Reverse Rotary 18 Azinger Way E. of Vineyard Elk Grove  

5182 LW-106 RODR CIR null null 09/21/01 #N/A #N/A #N/A #N/A 620 745 Reverse Rotary 18 Rodriguez Circle S. of Gerber Sacramento  

5183 LW-109 TERRAZO null null 06/14/02 #N/A #N/A #N/A #N/A 1334 1368 Reverse Rotary 18 Terrazo Terrazzo Elk Grove  

5184 LW-110 FERRAGAMO null null 07/09/02 #N/A #N/A #N/A #N/A 1308 1350 Reverse Rotary 18 Ferragamo Ferragam Wy Elk Grove  

5185 LW-113 BISHOP null null 09/11/03 #N/A #N/A #N/A #N/A 1084 1125 Reverse Rotary 18 Bishop Ranch 9609 Broad Stripes (Lot B) Elk Grove  

5186 LW-114 WINDSOR D null null 08/06/03 #N/A #N/A #N/A #N/A 1195 1195 Reverse Rotary 18 Windsor Downs 9615 Waterman Rd. (Lot B) Elk Grove  

5245 W-055 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5246 W-056 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5247 W-070 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5248 W-075 null null 09/10/99 #N/A #N/A #N/A #N/A 258 270 null 16 Elliot Ranch Elk Grove Blvd. Elk Grove  

5249 W-077 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5250 W-007 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5251 W-016 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5252 W-020 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5253 W-032 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5254 W-081 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5256 W-089 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5257 W-099 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5258 W-108 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5259 W-B01 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5260 W-B02 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5261 W-B03 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5262 W-DA null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5263 W-M01 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5264 W-T01 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5265 W-T02 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5266 W-T03 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A

5267 W-T06 null null #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A #N/A
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surface water treatment facility in the central portion of 
Zone 40, and appurtenant treated water conveyance pipe-
lines.  Currently, there is up to 11 MGD of non-dedicated 
capacity available at the City of Sacramento’s SRWTP 
(the Wheeling Agreement with the City of Sacramento 
provides for conversion of non-dedicated capacity to 
dedicated capacity), and other Wheeling agreements that 
might be reached with the City of Sacramento.

Figure 2-7 shows the mix of surface water and ground-
water supplies used by Zone 40 beginning in 1995 and 
ending in 2003.

2.8 EFFECTS OF WFA IMPLEMENTATION

In general, the intent of the WFA is to implement a con-
junctive use plan that will increase the use of groundwa-
ter in dry years and reduce surface water diversions.  Th e 
decrease in available dry year diversions is a consequence 

of the WFA objective to provide instream fl ows in the 
lower American River for environmental purposes.  In wet 
years, when more surface water is available, diversion will 
be increased and groundwater use will be reduced, thereby 
promoting recharge of the basin.  According to the WFA, 
the long-term average annual yield from the Central Basin 
is 273,000 AF/year.  For the Zone 40 portion of the basin, 
a long-term average annual yield of 40,900 AF/year of 
groundwater has been identifi ed in the WSMP.

2.9 WATER YEAR TYPES

Th e WFA identifi es three principal water year types.  
Th ese year types are based on estimated March through 
November unimpaired infl ow into Folsom Reservoir and 
are categorized as wet/average years, drier years, and driest 
years.  Th ese criteria are used in defi ning the availability of 
surface water supplies.

Figure 2-7. Surface Water and Groundwater Demands for Zone 40 (1995-2003)
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2.10   FUTURE FACILITIES AND OPERATIONS

As water demands increase through new development, 
the need for additional supplies and facilities become im-
perative. Supplies to meet these demands will come from 
groundwater, surface water, and recycled water.

Groundwater extraction capacity is assumed to be 126 
MGD.  Th is capacity provides some redundancy during 
maximum day demands in the event that little or no sur-
face water is available in dry and critical years.

Th e schedule of surface water diversions for SCWA was 
determined using a computer model of SCWA’s water sys-
tem. SCWA’s diversion schedule of surface water and use 
of groundwater and recycled water were simulated based 
on 70-years of historical hydrology.

In the model, SCWA’s potable water demand was as-
sumed to be 108 TAF/yr in all years, refl ecting build-out 
demand in Zone 40. Recycled non-potable demands are 
assumed to be 4.4 TAF/yr. Surface water delivery to Zone 
40 was comprised of up to 11 MGD of the City of Sacra-
mento’s SRWTP’s capacity and SCWA’s 85 MGD Central 
WTP.  It was further assumed that the Central WTP’s 
capacity is reduced by 20 percent during wet months of 
wet years to accommodate for high turbidity and sched-
uled maintenance.  

Sources of surface water include the following: 

� three CVP water supply contracts: Fazio (15 TAF/
year), SMUD 1 (15 TAF/year) and SMUD 2 (15 
TAF/year); 

� “Excess Water”, defi ned as appropriated water in 
excess of the amount required to maintain the Sac-
ramento – San Joaquin Delta in balance; and 

� water right transfers, purchases from the City of 
Sacramento or additional appropriated water, re-
ferred to as “Other Water.”

Th e timing and amount of surface water available from 
each source is based on estimates of their reliable yield, 
as determined by CALSIM II modeling.  CALSIM II is 
a generalized water resources simulation model for eval-
uating operational alternatives of large, complex river 
basins.  CVP sources are assumed to be subject to defi -
ciencies based on hydrologic conditions evaluated under 

CALSIM.  “Other Water” supplies are considered to be 
the most reliable of supplies, but for the purposes of the 
modeling, available CVP water and Excess Water are uti-
lized fi rst.  

Underlying all operations scenarios is the assumption that 
SCWA will have access to a long-term average of 40,900 
AF/year of groundwater.  Th is value is based on calcula-
tions made during the Water Forum process and is con-
sistent with the WFA.  In years when suffi  cient surface 
water is available, groundwater can be “banked” as in-lieu 
storage for use during dry years.  Th e sustainable yield 
objectives of the groundwater basin are met when the av-
erage long-term yield over the modeled 70-year hydro-
logic period does not exceed 40,900 AF/year. Figure 2-8 
illustrates how Zone 40 demands are met with the vari-
ous water supply contracts and groundwater.  Th is fi gure 
assumes build-out demands and available surface water 
supplies with shortages made up with groundwater.  Re-
cycled water is not shown on this fi gure since the demand 
already accounts for use of recycled water. 

Groundwater recharge (“direct recharge”) may be consid-
ered in the future as a way to enhance SCWA’s conjunctive 
use program within the Central Basin.  Direct recharge 
could consist of injection wells, spreading basins within 
the Cosumnes River fl oodplain, or direct discharge into 
the Cosumnes River to recharge the aquifers underlying 
the Central Basin.  Water could potentially be obtained 
from either “Appropriative” or “Other” surface water 
sources, depending on availability.  Treatment of surface 
water and approval by the RWQCB would be required 
prior to injection into the aquifer.  Th e potential avail-
ability and use of recycled water within Zone 40 for land-
scape irrigation and other non-potable uses beyond exist-
ing agreements will be discussed by SCWA and SRCSD 
in the future.

2.11   WATER USE BY YEAR TYPE

Water Use in Wet/Average Years. In wet/average years, which 
occur in 64 percent of the years (i.e., the 70-year hydro-
logic period), surface water diversions will be maximized.  
In those years, surface water use by SCWA within Zone 
40 will total approximately 78,000 AF/year to 84,000 
AF/year.  

Supplemental supplies including groundwater, additional 
recycled water, and water conservation will make up the 
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Figure 2-8.  Changing Water Supplies from Wet to Critical years over the 70-Year Historical Hydrologic Conditions
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diff erence between demands and available surface water 
supplies.  In wet/average years, the need for supplemental 
supplies is estimated to be approximately 30,000 AF/year 
and is generally assumed to be met with groundwater sup-
plies.  It should be noted that this is well below Zone 
40’s estimated long-term average use of 40,900 AF/year. 
Figure 2-9 illustrates the utilization of Zone 40 supply 
sources in wet/average years.

Water Use in Drier Years. In drier years, which occur in 28 
percent of the years, surface water diversions will be less 
than in wet/average years, ranging from 44,000 to 78,000 
AF/year. Supplemental supplies will make up the diff er-
ence between demands and available surface water sup-
plies.  Th e need for supplemental supplies is estimated 

to be up to 56,000 AF/year.  It should be noted that in 
drier years, the groundwater extraction rate exceeds Zone 
40’s estimated long-term average use of 40,900 AF/year.  
Estimates for Zone 40’s water use in drier years are shown 
in Figure 2-10.

Water Use in Driest Years. In the driest years, which occur 
in only 8 percent of the years, surface water diversions will 
be minimized, totaling 27,000 AF/year as shown in Fig-
ure 2-11.  In the driest years, the need for supplemental 
supplies will increase to 82,000 AF/year.  Th e majority of 
these supplemental supplies will be derived from ground-
water extraction, exceeding the 40,900 AF/year estimated 
long-term average use.
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Priority Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Total

Demand  (AF) 3,910 4,716 6,385 7,976 10,369 12,633 14,134 13,629 12,271 9,972 8,051 5,340 109,384

Appropriated Excess Water (AF) 1 3,125 3,603 4,273 4,157 4,495 3,598 728 362 4,665 3,741 2,458 2,916 38,122

CVP/SMUD at Freeport (AF) 2 0 0 712 2,078 2,766 3,958 6,913 6,427 1,265 825 2,328 417 27,690

Other Water (AF) 3 155 187 0 0 0 0 0 823 1,606 1,831 569 417 5,587

Freeport Total (AF) 3,280 3,790 4,985 6,235 7,262 7,556 7,641 7,612 7,536 6,398 5,354 3,749 71,399

CVP/SMUD at SRWTP (AF) 1 395 359 645 807 940 978 989 985 975 928 746 583 9,331

SRWTP Total  (AF) 395 359 645 807 940 978 989 985 975 928 746 583 9,331

Groundwater (AF) 235 566 754 934 2,168 4,099 5,504 5,032 3,760 2,645 1,951 1,008 28,655

Groundwater Storage (AF) 0 0 0 0 0 0 0 0 0 0 0 0 0

Net Groundwater Use (AF) 235 566 754 934 2,168 4,099 5,504 5,032 3,760 2,645 1,951 1,008 28,655

Total Surface Water (AF) 3,675 4,149 5,631 7,042 8,202 8,534 8,630 8,598 8,511 7,326 6,100 4,332 80,730

Total Water Supply (AF) 3,910 4,716 6,385 7,976 10,369 12,633 14,134 13,629 12,271 9,972 8,051 5,340 109,384

Max Month of Groundwater 285     4,547  754     934      2,168   4,099  5,504  5,032   3,760   7,864  7,241  4,901

Wet Years

Average of  Wet Years
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Figure 2-9. Wet/Average Year Water UtilizationFigure 2-9. Wet/Average Year Water Utilization
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Priority Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Total

Demand (MGD) 3,910 4,716 6,385 7,976 10,369 12,633 14,134 13,629 12,271 9,972 8,051 5,340 109,384

Appropriated Excess Water (AF) 1 1,354 3,252 2,632 0 454 0 0 0 0 0 1,208 1,783 10,683

CVP/SMUD at Freeport (AF) 2 0 0 2,632 6,235 6,709 6,839 4,630 937 0 0 0 0 27,983

Other Water (AF) 3 0 0 0 0 99 717 2,807 5,649 3,716 557 0 0 13,545

Freeport Total (AF) 1,354 3,252 5,265 6,235 7,262 7,556 7,437 6,586 3,716 557 1,208 1,783 52,212

CVP/SMUD at SRWTP (AF) 1 65 17 681 807 940 978 989 924 921 655 376 170 7,522

SRWTP Total (AF) 65 17 681 807 940 978 989 924 921 655 376 170 7,522

Groundwater (AF) 2,491 1,446 439 934 2,168 4,099 5,708 6,119 7,633 8,760 6,467 3,387 49,651

Groundwater Storage (AF) 0 0 0 0 0 0 0 0 0 0 0 0 0

Net Groundwater Use (AF) 2,491 1,446 439 934 2,168 4,099 5,708 6,119 7,633 8,760 6,467 3,387 49,651

Total Surface Water (AF) 1,419 3,269 5,946 7,042 8,202 8,534 8,426 7,510 4,637 1,212 1,584 1,953 59,734

Total Water Supply (AF) 3,910 4,716 6,385 7,976 10,369 12,633 14,134 13,629 12,271 9,972 8,051 5,340 109,384

Max Month of Groundwater 3,910  4,716  439     934      2,168   4,099  8,764  13,629 12,271 9,972  8,051  5,340
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Average of Dry Years
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Figure 2-10. Drier Year Water UtilizationFigure 2-10. Drier Year Water Utilization
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Priority Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Total

Demand (MGD) 3,890 4,696 6,785 8,376 10,770 13,034 14,534 14,030 12,671 10,372 8,452 5,740 113,350

Appropriated Excess Water (AF) 1 1,634 1,935 1,170 0 0 0 0 0 0 0 0 1,112 5,850

CVP/SMUD at Freeport (AF) 2 0 0 4,095 6,235 6,667 1,735 125 0 0 0 0 0 18,856

Other Water (AF) 3 0 0 0 0 595 5,822 6,104 978 0 0 0 0 13,498

Freeport Total (AF) 1,634 1,935 5,265 6,235 7,262 7,556 6,228 978 0 0 0 1,112 38,205

CVP/SMUD at SRWTP (AF) 1 0 0 681 807 940 978 989 466 52 0 0 0 4,912

SRWTP Total (AF) 0 0 681 807 940 978 989 466 52 0 0 0 4,912

Groundwater (AF) 2,256 2,761 839 1,335 2,568 4,499 7,317 12,586 12,620 10,372 8,452 4,629 70,234

Groundwater Storage (AF) 0 0 0 0 0 0 0 0 0 0 0 0 0

Net Groundwater Use (AF) 2,256 2,761 839 1,335 2,568 4,499 7,317 12,586 12,620 10,372 8,452 4,629 70,234

Total Surface Water (AF) 1,634 1,935 5,946 7,042 8,202 8,534 7,217 1,444 52 0 0 1,112 43,117

Total Water Supply (AF) 3,890 4,696 6,785 8,376 10,770 13,034 14,534 14,030 12,671 10,372 8,452 5,740 113,350

Max Month of Groundwater 3,890 4,696 839 1,335 2,568 4,499 9,165 14,030 12,671 10,372 8,452 5,740

41.68 50.31 8.99 14.30 27.51 48.21 98.19 150.32 135.76 111.13 90.55 61.50
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Figure 2-11. Driest Year Water UtilizationFigure 2-11. Driest Year Water Utilization
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3.1 GROUNDWATER MANAGEMENT GOAL

Th e goal of this GMP is to ensure a viable groundwater resource for benefi cial uses 
including water for adjacent purveyors (see Figure 3-2), agricultural, agricultural-resi-
dential, industrial, and municipal supplies that support the WFA’s co-equal objectives 
of providing a reliable and safe water supply and preserving the fi shery, wildlife, recre-
ational, and aesthetic values of the lower American River.  In addition, this GMP par-
takes in the enhancement of maintaining ecological fl ows in the Cosumnes River. 

3.2 BASIN MANAGEMENT OBJECTIVES

To meet the goal stated above, the SCWA has adopted fi ve specifi c basin management 
objectives (BMOs).  Th ese BMOs include the following:

Maintain or improve groundwater quality in the Zone 40 area for the benefi t of 
basin groundwater users.  Th e groundwater supplied for potable use by Zone 40 meets 
all public health criteria.Within the basin, there are documented occurrences of large-
scale groundwater contamination.  Zone 40 will make use of groundwater within the 
basin that is not hindered by contamination, and that such use does not cause degrada-
tion of the quality of the resource either at the contamination sites or from naturally 
occurring contaminants present in the groundwater.  Where groundwater contamina-
tion is currently documented or if it occurs in the future, Zone 40 will coordinate 
and cooperate with appropriate state and federal regulatory agencies and with other 
interested parties.  Zone 40 will pursue all actions within its powers that result in the 
containment and eventual remediation of the contaminant.

Maintain groundwater elevations that result in a net benefi t to basin groundwater 
users.  Over the past several decades, extensive groundwater pumping by agriculture 
and more recently urban development has resulted in a persistent cone of depression 
in the southern Zone 40 area.  Due to recent fallowing of agricultural lands and the 
importation of surface water into Zone 40, groundwater elevations at or near the cone of 
depression (Figure 2-4) have stabilized and in some areas recovered. SCWA understands 

MANAGEMENT PLAN ELEMENTS

S
E

C
T

IO
N

Th e elements of this GMP include an overall goal, a set of 

management objectives, and a series of plan components that 

discuss and identify the actions necessary for meeting the goal 

and objectives (see Figure 3-1).3
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that lowering the aquifer can have adverse impacts on all 
groundwater users ranging from increased energy costs 
to the need to deepen existing private and public wells 
or even construct new wells.  Full implementation of 
the conjunctive use program in the basin may result in 
short-term water levels being drawn down below previous 
historical lows, (this is a result of additional groundwater 
extraction during the drier and driest years).  Zone 40 
intends that the impacts during these times be quantifi ed 
and then minimized so that overall groundwater levels 
in the basin do not degrade over time from their present 
condition.

Protect against any potential inelastic land surface sub-
sidence.  Land subsidence can cause signifi cant damage 
to essential infrastructure.  Historic land surface subsid-
ence within Zone 40 has been minimal, with no known 
signifi cant impacts to existing infrastructure.  Given the 
historical trends, the potential for land surface subsidence 
from groundwater extraction in the Central Basin appears 
remote.  However, Zone 40 intends to cooperate with 
adjacent groundwater management agencies such as SGA 
to monitor for potential land surface subsidence.  If inelas-
tic subsidence is documented in conjunction with declin-
ing groundwater elevations, Zone 40 will investigate and 
take appropriate actions to avoid adverse impacts.

Figure 3-1. Organization of Management Plan ElementsFigure 3-1. Organization of Management Plan Elements

Source: Graphic is taken from the Sacramento Groundwater Authority GMP
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Figure 3-2. Groundwater Users within Zone 40 Boundaries

Protect against adverse impacts to surface water fl ows 
in the American, Cosumnes, and Sacramento rivers.  
Among other important uses, the American, Cosumnes, 
and Sacramento rivers provide habitat for a variety of fi sh 
and wildlife species.  Zone 40 is committed to the objec-
tives of the WFA, including the objective to protect and 
enhance the lower American River.  Important elements 
of the WFA include commitments to reduce lower Amer-
ican River diversions during dry years and to not exceed 
agreed upon groundwater extractions of 273,000 AF/year 
on average.  In addition, Zone 40 plans to monitor and 
evaluate in cooperation with SGA and others the relation-
ship (if any) between groundwater pumping and adjacent 
river or stream fl ows.

In addition to the American Rivers this GMP includes the 
goals of restoring and preserving the fi shery, wildlife, rec-
reational, and aesthetic resources of the lower Cosumnes 

River and assuring a stable supply of water for agriculture 
in the lower Cosumnes River fl oodplain area.

Protect against adverse impacts to water quality result-
ing from interaction between groundwater in the basin 
and surface water fl ows in the American River and Sac-
ramento River.  In most natural settings, groundwater 
is higher in TDS and most other constituents than sur-
face water.  At the present time, the fl ow regime is such 
that groundwater is not discharging to the river systems 
(i.e., rivers in the region are termed as losing streams to 
the groundwater) in the Zone 40 area. It is possible that 
future actions could temporarily alter that condition.  It 
is Zone 40’s intent that controllable operations of the 
groundwater system do not negatively impact the water 
quality of the area’s rivers and streams.  Zone 40 will seek 
to gain a better understanding in cooperation with SGA  
and others of potential impacts of the discharge of local-
area groundwater to surface water channels.
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3.3 GMP COMPONENTS

Th e GMP includes a variety of components that are 
required by CWC § 10753.7, recommended by DWR 
Bulletin 118 (2003), optional under CWC § 10753.8, 
and other components that Zone 40 has already begun.  
Th ese components can be grouped into fi ve general cat-
egories: (1) stakeholder involvement, (2) monitoring pro-
gram, (3) groundwater resource protection, (4) ground-
water replenishment, and (5) planning integration.  Each 
category and its components are presented in this section.  
Under each component is a discussion, proposed actions, 
and identifi cation of the objectives toward which the 
component is directed.

3.4  COMPONENT CATEGORY 1: 
STAKEHOLDER INVOLVEMENT

Th e management actions taken by SCWA may have a 
wide range of impacts on a broad range of individuals and 
agencies that ultimately have a stake in its successful man-
agement of the basin.  Th e local consumer may be most 
concerned about water rates or assurances that each time 
the tap is turned a steady, safe stream of water is avail-
able.  To the industrial, agricultural, or agricultural-resi-
dential private well owner, they want to make sure their 
wells are safe from dewatering and degradation of water 
quality, and that energy costs do not increase signifi cantly. 
To large state and federal water resource agencies, the 
degree to which Zone 40 can achieve local supply reli-
ability and further banking and exchange programs pro-
vides opportunities for state and federal water programs 
to meet statewide needs, particularly in drier years.  To 
address the needs of all these stakeholders, SCWA has 
pursued several means of achieving broader involvement 
in the management of the Central Basin.  Th ese include: 
(1) fi nancially supporting the Water Forum Successor 
Eff ort and the CSCGF, 2) participation in the monthly 
CSCGF stakeholder negotiation meetings, (3) involving 
other local agencies within and adjacent to the Zone 40 
area in the master planning eff orts taking place in Zone 
40, (4) using the monthly CSCGF stakeholder meet-
ings and monthly  CSCGF cluster meetings as advisory 
committees for development and implementation of the 
GMP,  (5) developing relationships with state and federal 
water agencies, and (6) pursuing a variety of partnerships 
to achieve local supply sustainability.  Each of these is 
discussed further below. 

3.4.1  Involving the Public 

Groundwater in California is a public resource, and 
SCWA is committed to involving the public in the devel-
opment and implementation of Zone 40’s GMP.  Th e 
primary reason for Zone 40’s creation was to undertake  
“... the acquisition, construction, maintenance and opera-
tion of facilities for the production, conservation, trans-
mittal, distribution and sale of ground or surface water 
or both for the present and future benefi cial use of the 
lands or inhabitants within the zone.”  At the time of its 
creation, groundwater elevations were steadily declining 
and development applications were moving forward with 
groundwater as the sole source of supply.  Th e creation 
of Zone 40 also established a funding source to pay the 
cost of implementing a conjunctive use water program. 
Th e adoption of Ordinance No. 18 by SCWA’s Board of 
Directors in 1986 empowered SCWA to establish fees, 
charges, credits, and regulations for the construction 
of capital facilities and the wholesale delivery of surface 
water and groundwater within Zone 40.  Th e customers 
of Zone 40 are those connections that are within Zone 
41, Cal-Am (Security Park), and the Elk Grove Water 
Service’s “Tariff  Area 2” (the older portions of Elk Grove 
are not within Zone 40 and rely solely on groundwater) 
retail service areas.  

In preparing this GMP, SCWA has fi led four separate 
notices in the Sacramento Bee (Appendix A).  In accor-
dance with CWC § 10753.2, a notice of intent to adopt a 
resolution to prepare a GMP was adopted on August 17, 
2004.  Upon adoption of the resolution, the text of the 
resolution was published in the Sacramento Bee on August 
20 and 26, 2004.  Additionally, a separate special meeting 
of the CSCGF was held on August 30, 2004 which was 
also open to the public. Finally, SCWA provided a public 
comment period on the draft GMP and noticed and held 
two meetings for the public to comment on the GMP, 
September 28 and October 5, 2004.  Th e fi nal GMP was 
adopted on November 2, 2004.  Upon adoption, the text 
of the Resolution of Adoption was published in the Sacra-
mento Bee on November 9 and 16, 2004. 

SCWA has also demonstrated its commitment to out-
reach and education.  In addition to all required public 
notifi cation, SCWA has also accepted the GMP public 
outreach plan previously adopted by SGA and sponsored 
by DWR. Th e plan includes many strategies for commu-
nicating with both internal and external audiences for 
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various phases of the program and will be adapted to meet 
the needs of Zone 40 and its various stakeholders.  SGA’s 
Public Outreach Plan for Groundwater Management Pro-
gram (Lucy & Company, 2003) and is included in this 
GMP as Appendix A.

SCWA has posted at its web site (http://www.msa.
saccounty.net/waterresources/Home.asp) a copy of the 
WSMP, the GMP, and public notices.  SCWA will con-
tinue to use its web site to distribute information on GMP 
implementation activities to the public.

Actions.  SCWA will take the following actions:

Continue eff orts to encourage public participation as oppor-
tunities arise.

Review and take actions as appropriate from the Public 
Outreach Plan during implementation of various aspects 
of the GMP.

Provide briefi ngs to the Water Forum Successor Eff ort and 
the CSCGF on GMP implementation progress.

Work with stakeholders to maximize outreach on GMP 
activities including the use of the SCWA web site. 

3.4.2 Involving Other Agencies Within and 
Adjacent to the Zone 40 Area

Zone 40’s legal boundary is limited to that of the zone 
boundaries.  Figure 3-2 shows Zone 40 and adjacent 
purveyors within the Central basin and some of the key 
adjacent entities that Zone 40 has been coordinating with 
during development of this GMP including the agricul-
tural and agricultural-residential groundwater users. One 
agency within the Zone 40 boundary that is not a water 
purveyor is the Air Force Real Property Agency (AFRPA), 
which oversees remediation eff orts of contaminated soil 
and groundwater at Mather Field.  SCWA has an ongo-
ing dialog with both the County of Sacramento Depart-
ment of Economic Development, SCWA and the AFRPA  
to discuss issues related to land use, wellhead protection, 
groundwater management and remediation eff orts at 
Mather Field. SCWA will investigate integrating some of 
the monitoring wells at Mather Field into the Zone 40 
monitoring network (see Section 3.5).

Th e Zone 40 boundary covers approximately one-half 
of the Central Basin as defi ned by the CSCGF (Figure 
1-1).  It is the intent of this GMP to act as a platform for 
developing a GMP that will cover the entire Central basin 
once the CSCGF negotiations have ended and a manag-
ing entity has assumed authority over the basin.

In December 2003, SGA adopted a GMP that covers 
the organized municipal water purveyors in North Sacra-
mento County.  Th e Zone 40 GMP recognizes SGA as a 
partner in managing the Sacramento County groundwa-
ter resources and has requested their review and assistance 
in the preparation of this GMP.

Other adjacent interested agencies and stakeholders are 
the SSCAWA and TNC who own and maintain wetlands 
and agricultural lands along the Cosumnes River corridor.  
Representatives from each of these agencies participate as 
stakeholders in the CSCGF negotiations.  SSCAWA and 
TNC have assisted in the preparation of this GMP.

Actions.  SCWA will take the following actions:

Continue a high level of involvement as demonstrated 
through the development of this GMP into implementa-
tion of the plan by continued participation with the vari-
ous stakeholders groups described above.

Provide copies of the adopted GMP and subsequent annual 
reports to representatives from SGA, SSCAWA, TNC, 
CSCGF, San Joaquin county, and the Groundwater Forum 
Successor Eff ort.

Meet with representatives from SGA, SSCAWA, TNC, 
CSCGF and the Groundwater Forum Successor Eff ort 
as needed.

� Coordinate meetings outside the CSCGF with 
agricultural and agricultural-residential self-supplied 
pumpers within the GMP area to inform them of 
SCWA’s management responsibilities and activities 
relative to the GMP.  Develop a list of their concerns 
and needs relative to the GMP.

� Coordinate meetings with other self-supplied pumpers 
within the GMP area to inform them of SCWA’s 
management responsibilities and activities relative to 
this GMP.  Develop a list of self-supplied groundwa-
ter pumpers concerns and needs. 
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3.4.3  Utilizing Advisory Committees

SCWA has and will continue to use advisory commit-
tees in development and implementation of this GMP.  
Prior to beginning development of the GMP, the CSCGF 
was named as the Technical Review Committee to guide 
development of the GMP.  Th e CSCGF and CSCGF 
“groundwater cluster” meetings met on approximately a 
monthly basis during the development of this GMP.

Th e primary groups represented on the Technical Review 
Committee include:

� American States     
Water Company

� Cal-Am Water Company

� City of Sacramento

� Agricultural-Residential

� Th e Nature      
Conservancy

� Water Forum

� SCWA

Actions.  SCWA will take the following action:

Upon adoption of the GMP, the Technical Review Com-
mittee will meet to discuss the continuation and compo-
sition of committees to guide implementation of the plan 
and provide these recommendations to the SCWA Board 
of Directors.

3.4.4 Developing Relationships with State  
and Federal Agencies

Working relationships between SCWA and local, state, 
and federal regulatory agencies are critical in developing 
and implementing the various groundwater management 
strategies and actions detailed in this GMP.  

SCWA has developed on-going working relationships 
with local, state, and federal regulatory agencies (e.g., Sac-
ramento County, Environmental Management Depart-
ment (EMD), California Department of Health Services 
(DHS), EPA, etc.).

Actions.  SCWA will take the following action:

Continue to develop working relationships with local, state, 
and federal regulatory agencies, as appropriate.

3.4.5  Pursuing Partnership Opportunities

Zone 40 is committed to facilitating partnership arrange-
ments at the local, state, and federal levels.  Over the 
past decade, the Sacramento-area water community and 
other local leaders have made great strides toward regional 
planning and collaboration on water issues.  Th e historic 
WFA, which involved over 40 stakeholders and 7 years of 
facilitated discussions, resulted in a regional framework 
to balance the competing demands for increased use of 
surface and groundwater with the environmental needs of 
the lower American River through the year 2030.  Several 
important partnerships have been formed to implement 
the WFA as well as provide a host of other benefi ts to 
water agencies and the customers that they serve.

While the facilities necessary to implement and expand 
Zone 40’s conjunctive use program have been identifi ed 
through the WSMP, the potential exists to expand these 
facilities on a basin wide level to achieve broader regional 
and statewide benefi ts.  Th e needed facilities, however, 
would require substantial resources.  To investigate any 
further opportunities would require resources provided 
through partnerships with potential benefi ciaries.

For example, SCWA, TNC, and SSCAWA working coop-
eratively to enhance stream fl ows in the Cosumnes River.

Actions.  SCWA will take the following actions:

Continue to promote partnerships that accomplish both 
local supply reliability and broader regional and state-
wide benefi ts.

Continue to track grant opportunities to fund groundwa-
ter management activities and local water infrastructure 
projects.

3.5 COMPONENT CATEGORY 2: 
MONITORING PROGRAM

At the heart of this GMP is a monitoring program capable 
of assessing the current status of the basin and predicting 
responses in the basin as a result of future management 
actions.  Th e program includes monitoring groundwater 
elevations, monitoring groundwater quality, monitoring 
and assessing the potential for land surface subsidence 
resulting from groundwater extraction, and developing a 
better understanding of the relationship between surface 
water and groundwater along the American, Cosumnes 

� City of Elk Grove

� Sacramento County 
Farm Bureau

� BIA

� Elk Grove Water 
Service

� Environmental Coun-
cil of Sacramento

� DWR
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and Sacramento rivers.  Also important is the establish-
ing of monitoring protocols to ensure the accuracy and 
consistency of data collected.  Finally, the monitoring 
program includes a tool, (DMS, a.k.a. SHEDTOOL) for 
assembling and assessing the groundwater-related data.

3.5.1  Groundwater Elevation Monitoring

SCWA has compiled a signifi cant amount of historical 
groundwater level data measurements extending from 
prior to 1950 through 2003.  Sources of this data for the 
Zone 40 area include:

� DWR/SCWA

� USGS

� SMUD

DWR and SCWA have a program that collects bi-annual 
(spring and fall) groundwater level data from more than 
150 wells throughout Sacramento County. SCWA uses 
this data to generate bi-annual groundwater contour maps 
for the county.  However, because wells have been added 
and dropped from the program over time it is diffi  cult to 
compare a historic contour map with a recent one.  For 
this reason, SGA and SCWA are establishing a standard-
ized network of wells that combines those monitored by 
DWR, SCWA, SGA member water purveyors, and other 
sources.  It is SCWA’s intent that the wells comprising this 
program be maintained as a consistent long-term network 
that represents overall groundwater elevation conditions 
in the basin.  Figure 3-3 shows the wells currently pro-
posed for this network.

Th e wells were selected to provide uniform geographic 
coverage throughout the approximately 133 square mile 
Zone 40 area, and in an area around the northern, west-
ern, and southern perimeter of Zone 40.  Th e well net-
work was developed by fi rst establishing a network of 
sampling grids using the following method:

� Overlay a matrix of evenly spaced points over the 
entire Zone 40 area.

� Surround matrix of points with polygons.

� Conform the boundaries of the polygons to Zone 
40’s boundaries and regenerate area grids.

Th e resulting grid, shown on Figure 3-3, includes approxi-
mately 30 polygons of roughly equal area of about fi ve 
square miles each.  Th e proposed set of monitoring wells9 was 
selected from the DMS to represent water levels for as many 
polygons as possible.  Individual wells were selected by:

Giving preference to wells currently in DWR’s and 
SCWA’s monitoring program.  Th ese wells were selected 
because (a) they have long records of historic ground-
water level data and are useful in assessing trends within 
the groundwater basins, (b) uniform protocols were used 
in measuring and recording the water level data, and (c) 
these are typically non-producing wells, so water level 
readings represent relatively static levels.

Identifying other municipal and private wells with well 
construction information, long records of groundwater 
level data and giving preference to those wells with the 
lowest recent extraction volumes.

Actions.  Additional actions by SCWA will include:

Coordinate with DWR and others to identify an appropri-
ate group of wells for monitoring for a spring 2005 set of 
groundwater elevation measurements.

Coordinate with DWR and others to ensure that the selected 
wells are maintained as part of a long-term monitoring 
network.

Coordinate with DWR to ensure that the timing of water 
level data collection by other agencies coincides within one 
month of DWR and SCWA data collection.  Currently 
DWR and SCWA collect water level data in the spring and 
fall.

Coordinate with other agencies to ensure that needed water 
level elevations are collected and verify that uniform data 
collection protocols are used among the agencies.

Coordinate with the USGS to determine the potential for 
integrating USGS monitoring wells constructed for the 
NAWQA Program into the SCWA and SGA monitoring 
network.

Consider ways to fi ll gaps in the monitoring well network 
by identifying suitable existing wells or identifying oppor-
tunities for constructing new monitoring wells.

9 No wells were selected east of the boundary because it is in consolidated rock outside of the groundwater basin. 
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Figure 3-3. Zone 40 Groundwater Elevation Monitoring Network

Assess groundwater elevation trends and conditions based 
on the monitoring well network annually.

Assess the adequacy of the groundwater elevation monitor-
ing well network annually.

Identify a subset of monitoring wells that will be monitored 
more frequently than twice annually to improve SCWA’s 
understanding of aquifer responses to pumping through-
out the year.

3.5.2  Groundwater Quality Monitoring

Because most of the wells in the basin are used for pub-
lic water supply, an extensive record of water quality 
data is available for most wells dating from about 1985 
to present.  SCWA has compiled available historic water 
quality data for constituents monitored as required by 

DHS under CCR Title 22.  Sources of water quality 
data include:

� DWR

� SCWA Zone 41

� USGS

Th is level of monitoring is suffi  cient under existing reg-
ulatory guidelines to ensure that the public is provided 
with a safe and reliable drinking water supply.  Ultimately, 
it may be advisable to have in place a network of shal-
low (less than 200 feet deep) sentry wells to serve as an 
early warning system for contaminants that could make 
their way to greater depths in the basin where Zone 40 
primarily extracts groundwater.  Zone 40 is working with 
AFRPA to identify a subset of the sentry wells located 
in and around the Mather Field for integration into the 
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Zone 40 monitoring eff ort.  Zone 40 will also coordinate 
with EPA and the RWQCB, which oversees the remedia-
tion of Aerojet and Boeing’s groundwater contamination 
and with LUSTs to identify existing dedicated monitoring 
wells in the basin.

Figure 3-4 shows existing Zone 40 production wells.  
CCR Title 22 water quality reporting is required by DHS 
for each of these public drinking water sources.  Zone 
40’s water quality monitoring network includes these 
wells.  Th e water quality monitoring well network may 
be expanded to include additional DWR, USGS, Mather 
Field, Aerojet, Boeing, RWQCB, and privately owned 
wells based on the outcome of coordination meetings 
with these agencies and various land owners.

Actions. Th e following actions will be taken by SCWA to 
monitor and manage groundwater quality:

Coordinate with cooperating agencies to verify that uniform 
protocols are used when collecting water quality data.

Coordinate with USGS to obtain historic water quality 
data for NAWQA wells, determine timing and frequency of 
monitoring under USGS program and discuss the potential 
for integrating USGS monitoring resources with the Zone 
40 network.

Coordinate with local, state, and federal agencies to iden-
tify where wells may exist in areas with sparse groundwater 
quality data.  Identify opportunities for collecting and ana-
lyzing water quality samples from those wells.

Assess the adequacy of the groundwater quality monitoring 
well network annually.

Figure 3-4. Existing and Proposed Wells in Zone 40 Groundwater Quality Monitoring Network
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12 One of the nine wells could not be compared between 1981 and 1991 because the benchmark was destroyed and replaced between 1981 and 1986.

3.5.3  Land Surface Elevation Monitoring

Subsidence of the land surface resulting from compaction 
of underlying formations aff ected by head (groundwater 
level) decline is a well-documented concern throughout 
much of the Central Valley.  During a typical pumping 
season, changes in land surface elevation can be observed 
as a result of both elastic and inelastic subsidence in the 
underlying basin.  Elastic subsidence results from the 
reduction of pore fl uid pressures in the aquifer and typi-
cally rebounds when pumping ceases or when groundwa-
ter is otherwise recharged resulting in increased pore fl uid 
pressure.  Inelastic subsidence occurs when pore fl uid 
pressures decline to the point that aquitard (a clay bed of 
an aquifer system) sediments collapse resulting in perma-
nent compaction and reduced ability to store water in that 
portion of the aquifer.

While some land surface subsidence is known to have 
occurred as a result of groundwater extraction west of the 
Sacramento River10, the extent of subsidence east of the 
Sacramento River has been minimal.  DWR maintains 
three subsidence monitoring stations in the Sacramento 
Valley.

Historical benchmark elevation data for the period from 
1912 through the late 1960s obtained from the National 
Geodetic Survey (NGS) were used to evaluate land sub-
sidence in north Sacramento County.  From 1947 to 
1969 the magnitude of land subsidence measured at 
benchmarks north of the American River in Sacramento 
County ranged from 0.13 feet to 0.32 feet, with a general 
decrease in subsidence in a northeastward direction.  Th is 
decrease is consistent with the geology of the area: forma-
tions along the eastern side of the Sacramento Valley are 
older than those on the western side and are subject to a 
greater degree of pre-consolidation making them less sus-
ceptible to subsidence.  Th e maximum documented land 
subsidence of 0.32 feet was measured at both benchmark 
L846, located approximately two miles northeast of the 
former McClellan AFB, and benchmark G846, located 
approximately one mile northeast of the intersection of 
Greenback Lane and Elkhorn Boulevard.

Another land subsidence evaluation was performed in the 
Arden-Arcade area11 of Sacramento County from 1981 
to 1991.  Elevations of nine wells in the Arden-Arcade 
area were surveyed in 1981, 1986, and 1991.  Th e 1986 
results were consistently higher than the 1981 results; 
this was attributed to extremely high rainfall totals in 
early 1986 that recharged the aquifer and caused a rise 
in actual land surface elevations.  Th e 1991 results were 
consistently lower than the 1986 results; this was attrib-
uted to fi ve years of drought immediately preceding the 
1991 measurements which caused depletion of the aqui-
fer and resulting land surface subsidence.  Comparison of 
eight12 of the locations indicates that seven benchmarks 
have lower elevations in 1991 than in 1981 and one 
benchmark has a higher elevation in 1991.  Of the seven 
benchmarks with lower elevations in 1991, the maximum 
diff erence is 0.073 feet (less than one inch).  

Whether this is inelastic subsidence is indeterminate from 
the data, but it is clear that the magnitude of the poten-
tial subsidence in the benchmarks during that period is 
negligible.

Actions.  While available data and reports indicate that land 
surface subsidence is not a problem in the Sacramento 
County area, SCWA is interested in pursuing additional 
possible actions to continue to monitor for potential land 
surface subsidence.  Th ese may include:

Investigate the feasibility and costs of re-surveying the 
wells in the Arden-Arcade area that were last measured in 
1991.

Coordinate with USGS to ascertain the suitability of the 
use of Interferometric Synthetic Aperture Radar (InSAR) 
images of Zone 40 and the surrounding area.  If the tech-
nology appears suitable, identify the costs of determining 
ground surface elevations and identify potential cost-shar-
ing partners.

Coordinate with other agencies, particularly the City and 
County of Sacramento and the NGS to determine if there 
are other suitable benchmark locations in the Zone 40 area 
to aid in the analysis of potential land surface subsidence.

10 From 1988-1992 cumulative net sediment compaction of 0.78 feet was measured at the extensometer in Yolo County between June 15, 1988 and October 1, 1992 
(USGS data from the Woodland land subsidence monitoring station, Yolo County, California, water years 1988-1992, USGS Open File Report 94-494)

11 The boundaries of the Arden-Arcade area are (1) Sacramento’s city limits on the west, (2) Sacramento’s city limits and the American River on the south, (3) CWD on 
the east, and (4) Sacramento’s city limits and Sac Suburban (Northridge Service Area) on the north.
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3.5.4 Surface Water Groundwater Interaction 
Monitoring

Th e interaction between groundwater and surface water 
has not been extensively evaluated within the Zone 40 
area.  SCWA is currently aware of the following:

A recent draft decision by the State Water Resources Con-
trol Board (SWRCB, 2003) regarding the American River 
concluded that from Nimbus Dam to about 6,000 feet 
below the dam, groundwater elevations and surface water 
elevations were similar enough to each other that ground-
water could be tributary to the American River.  Beyond 
6,000 feet down river from the dam, groundwater eleva-
tions are suffi  ciently lower than the river channel to con-
clude that the American River is a losing stream down to 
its confl uence with the Sacramento River.

Groundwater modeling (described in Section 3.8.1) has 
been used to estimate fl ow volumes between surface water 
and groundwater for various hydrologic conditions.

CSUS in cooperation with DWR has recently installed 
several monitoring wells in and adjacent to the Ameri-
can River to investigate groundwater interaction with 
the American River and how recent U.S. Army Corp of 
Engineers (USACE) levee reinforcement projects might 
have changed the surface water-groundwater fl ow rela-
tionships.

In 1991, SRCSD, Sacramento County, and the City of 
Sacramento established the Sacramento Coordinated 
Water Quality Monitoring Program (CMP).  Since that 
time, the CMP has monitored surface water quality for a 
variety of constituents including trace elements at several 
locations on the American and Sacramento rivers.  Th e 
CMP monitors the Sacramento River at the Freeport 
Bridge and the American River at Nimbus Dam.

SCWA has been working with TNC and SSCAWA to 
develop a Framework Agreement for the Management of 
Water Resouces in the Cosumnes River Corridor.   Th is  
Agreement refl ects a desire to work together to actively 
investigate opportunities for fl ow restoration, conjunc-
tive use management and enhanced recharge within the 
Cosumnes River corridor.

Actions. SCWA will pursue actions to better understand 
the relationship between surface and groundwater in the 
Zone 40 area, including:

Work cooperatively with SGA and TNC to compile avail-
able stream gage data and information on tributary infl ows 
and diversions from the American, Cosumnes and Sacra-
mento rivers to quantify net groundwater recharge or dis-
charge between gages in the Zone 40 area.

Coordinate with local, state, and federal agencies to iden-
tify available surface water quality data from the Ameri-
can, Cosumnes and Sacramento rivers proximate to the 
Zone 40 area.

Correlate groundwater level data from wells in the vicinity 
of river stage data to further establish whether the river and 
water table are in direct hydraulic connection, and if the 
surface water is gaining or losing at those points.

Continue to coordinate with local, state, and federal agen-
cies and develop partnerships to investigate cost-eff ective 
methods that could be applied to better understand sur-
face water-groundwater interaction along the American, 
Cosumnes and Sacramento rivers.

Coordinate with CSUS to analyze data obtained from 
recently constructed monitoring wells on the CSUS campus 
to better understand the relationship between the ground-
water basin and surface water fl ows at that location.

3.5.5 Protocols for the Collection of 
Groundwater Data

Th rough the work completed as part of the SGA GMP, 
MWH has evaluated the accuracy and reliability of 
groundwater data collected by cooperating agencies 
within the Sacramento Region (MWH, 2002).  Th e 
evaluation indicated a signifi cant range of techniques, 
frequencies and documentation methods for the collec-
tion of groundwater level and groundwater quality data.  
Although the groundwater data collection protocol may 
be adequate to meet the needs of individual agencies, the 
lack of consistency  yields an incomplete picture of basin-
wide groundwater conditions.  Other types of ground-
water data collection protocols are included in Sections 
3.5.1 and 3.5.2 above.

Actions. To improve the comparability, reliability and accuracy 
of groundwater data, SCWA will take the following actions:

Use a Standard Operating Procedure (SOP) for collection 
of water level data by each of the cooperating agencies.  
Appendix B includes an SOP for Manual Water Level 
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Measurements.  Th is SOP was prepared using guidance 
documents available through EPA and was included in a 
technical memorandum developed for SGA summarizing the 
accuracy and reliability of groundwater data (MWH, 2002).

Provide cooperating agencies with guidelines on the collec-
tion of water quality data developed by DHS for the col-
lection, pretreatment, storage, and transportation of water 
samples (DHS, 1995).

Provide training on the implementation of these SOPs to 
cooperating agencies, if requested.

3.5.6  Data Management System

In order for SCWA to achieve its primary objective of 
sustaining the groundwater resource within the Zone 40 
groundwater basin, it was essential to develop a data stor-
age and analysis tool, or DMS.  Th e DMS was developed 
by MWH under contract with the USACE.  Other local 
sponsors included SGA and its member agencies, DWR, 
and SCWA.

Th e DMS is a public domain application developed in a 
Microsoft Visual Basic environment and is linked to a SQL 
database containing Zone 40 and other Central Basin pur-
veyor data.  Th e DMS provides the end-user with ready 
access to both enter and retrieve data in either tabular or 
graphical formats.  Security features in the DMS allow for 
access restrictions based on a variety of user permission lev-
els.  Data in the DMS include:

� Well construction details.

� Known locations of groundwater contamination 
and potentially contaminating activities.

� Long-term monitoring data on:

 - Monthly extraction volumes.

 - Water elevations.

 - Water quality.

� Aquifer characteristics based on well completion 
reports.

Th e DMS allows for the viewing of regional trends in 
groundwater level and quality not previously available to 
SCWA (see Figures 3-5a and 3-5b for DMS screen cap-
tures).  Th e DMS has the capability of quickly generat-
ing well hydrographs and groundwater elevation contour 
maps using historic groundwater level data.  Th e DMS also 

has the ability to view water quality data for CCR Title 22 
required constituents as a temporal concentration graph at 
a single well or any constituent can be plotted with respect 
to concentration throughout the Zone 40 area.  Presen-
tation of groundwater elevation and groundwater quality 
data in these ways will be useful for making groundwater 
basin management decisions.

SGA and SCWA are currently in the process of establishing 
data transfer protocols so that groundwater data in either 
area (by cooperating agencies, DWR, AFRPA, USGS, 
etc…) can be readily appended to the database and ana-
lyzed through the DMS.  Annual summaries of ground-
water monitoring data will be prepared using the analysis 
tools in the DMS and presented in the update to the State 
of the Basin report (see Section 4).

Once the DMS is fully populated and quality-control 
checked a summary of existing basin conditions will be pre-
pared.  From this initial summary analyses will be performed 
on at least an annual basis to assess the impacts of current 
and future SCWA management actions on the groundwater 
system.

Actions. To maintain and improve the usability of the DMS, 
SCWA will take the following actions:

Continue to update the DMS with current water pur-
veyor data.

Make recommendations to the DMS developer on utilities to 
add to the DMS to increase its functionality.

3.6 COMPONENT CATEGORY 3: 
GROUNDWATER RESOURCE PROTECTION

SCWA considers groundwater protection to be one of 
the most critical components of ensuring a sustainable 
groundwater resource.  In this GMP, resource protection 
includes both the prevention of contamination from enter-
ing the groundwater basin and the remediation of exist-
ing contamination plumes.  Prevention measures include 
proper well construction and destruction practices, devel-
opment of wellhead protection measures, and protection 
of recharge areas.  Containment prevention also includes 
measures to prevent contamination from human activities 
as well as contamination from natural substances such as 
saline water bodies from entering the potable portion of 
the groundwater system.
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3.6.1  Well Construction Policies

Th e Sacramento County Environmental Management 
Department (EMD) administers the well permitting 
program for Sacramento County.  Th e standards for con-
struction are identifi ed in Sacramento County Code No. 
SCC-1217 as amended on April 9, 2002.  In addition to 
general well construction standards, Sacramento County 
has a policy of special review by appropriate regulatory 
agencies for well permits within 2,000 feet of a known 
contaminant plume (referred to as Consultation Zones) 
and prohibits the drilling of new public supply wells at 
Mather Field or near the Aerojet or Boeing facilities.  As 
part of the development of the DMS, the most recent 
extents of known contaminant plumes associated with 
Mather Field and the Aerojet/Boeing aerospace research 
centers were delineated for SCWA.

Actions.  SCWA will take the following actions:

Ensure that appropriate staff  are provided a copy of the 
county well ordinance and understand proper well con-
struction procedures.

Adhere to Sacramento County’s Consultation Zone and 
provide a copy of the boundary of the prohibition zones to 
appropriate agencies within the Central Basin.

Provide a copy at the most recently delineated plume extents 
Mather Field and Aerojet/Boeing to EMD and appropriate 
staff  for their review and possible use.

Coordinate with other groundwater users in the Central 
Basin to provide guidance as appropriate on well construc-
tion.  Where feasible and appropriate, this could include 
the use of subsurface geophysical tools prior to construction 
of the well to assist in well design.

Figure 3-5a.  DMS Screen Capture 
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Figure 3-5b. DMS Screen Capture 

3.6.2 Well Abandonment and 
Well Destruction Policies

EMD administers the well destruction program for Sac-
ramento County.  Th e standards for well destruction are 
identifi ed in Sacramento County Code No. SCC-1217 
as amended on April 9, 2002.  One concern expressed 
by SCWA and EMD  is that many abandoned domes-
tic wells have not been properly destroyed.  As part of 
development of the DMS for SGA, DWR well records for 
all known wells in the basin were reviewed for reported 
abandonment and destruction.  Th e wells were rated for 
the confi dence of proper destruction based on the infor-
mation provided on the report.  Th is information was 
entered into the DMS.  Examples of DMS screens are 
presented in Figure 3-5a and Figure 3-5b.  Th e actions 
listed below will provide improved protection of ground-
water quality within the Zone 40 area.

Actions.  SCWA will take the following actions:

Complete a similar survey of abandoned wells in the Zone 
40 basin and populate DMS with data.

Ensure that all public and private agencies in Zone 40 
are provided a copy of the code and understand the proper 
destruction procedures and support implementation of these 
procedures.

Follow up with cooperating agencies and EMD on the 
reported abandoned and destroyed wells to confi rm the 
information collected from DWR.

Provide a copy of the information on abandoned and 
destroyed wells in the Central Basin to fi ll any gaps in their 
records.

Meet with EMD to discuss ways to ensure that wells in the 
Zone 40 area are properly abandoned or destroyed.
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Obtain “wildcat map from California Division of Oil and 
Gas to ascertain the extent of historic gas well drilling oper-
ations in the area as these wells could function as conduits 
of contamination if not properly destroyed.

3.6.3  Wellhead Protection Measures 

Identifi cation of wellhead protection areas is a component 
of the Drinking Water Source Assessment and Protection 
(DWSAP) Program administered by DHS.  DHS set a 
goal for all water systems statewide to complete Drinking 
Water Source Assessments by mid-2003.  Zone 40 has 
completed their required assessments by performing the 
three major components required by DHS:

� Delineation of capture zones around sources (wells).

� Inventory of Potential Contaminating Activities 
(PCAs) within protection areas.

� Vulnerability analysis to identify the PCAs to 
which the source is most vulnerable.

Delineation of capture zones includes using groundwa-
ter gradient and hydraulic conductivity data to calculate 
the surface area overlying the portion of the aquifer that 
contributes water to a well within specifi ed time-of-travel 
periods.  Typically, areas are delineated representing 2-, 
5-, and 10-year time-of-travel periods.  Th ese protection 
areas need to be managed to protect the drinking water 
supply from viral, microbial, and direct chemical con-
tamination.

Inventories of PCAs include identifying potential origins 
of contamination to the drinking water source and protec-
tion areas.  PCAs may consist of commercial, industrial, 
agricultural, and residential sites, or infrastructure sources 
such as utilities and roads.  Depending on the type of 
source, each PCA is assigned a risk ranking, ranging from 
“very high” for such sources as gas stations, dry cleaners, 
and landfi lls, to “low” for such sources as schools, lakes, 
and non-irrigated cropland.

Vulnerability analysis includes determining the most sig-
nifi cant threats to the quality of the water supply by eval-
uating PCAs in terms of risk rankings, proximity to wells, 
and Physical Barrier Eff ectiveness (PBE).  PBE takes into 
account factors that could limit infi ltration of contami-
nants including type of aquifer, aquifer material (for 
unconfi ned aquifers), pathways of contamination, static 
water conditions, hydraulic head (for confi ned aquifers), 

well operation, and well construction.  Th e vulnerability 
analysis scoring system assigns point values for PCA risk 
rankings, PCA locations within wellhead protection areas, 
and well area PBE; the PCAs to which drinking water 
wells are most vulnerable are apparent once vulnerability 
scoring is complete.

SCWA has already added PCA and capture zone informa-
tion from the DWSAP into the DMS.  Th e DMS includes 
a feature that will automatically calculate wellhead protec-
tion areas if no data are available or if new well locations 
are proposed.

Actions.  SCWA will take the following actions:

Request that public water purveyor agencies within the 
Central Basin provide vulnerability summaries from the 
DWSAP to Zone 40 to be used for guiding management 
decisions in the basin.

Contact groundwater basin managers in other areas of the 
state for technical advice, eff ective management practices, 
and “lessons learned,” regarding establishing wellhead pro-
tection areas.

3.6.4  Protection of Recharge Areas

SCWA has evaluated surface geology within and directly 
adjacent to Zone 40’s boundary for the purpose of delin-
eating areas of potentially high recharge rates.  Much of 
the surface area considered to have the highest potential 
for recharge along the American River is developed.  Aban-
doned aggregate mining pits north and south of Jackson 
Highway have been considered in previous studies to be a 
possible recharge location.  Th ese pits typically extend 20 
to 30 feet below ground surface and are mined to the clay 
layer that separates the Laguna formation from the Meh-
rten formation.  Water introduced to these pits could deep 
percolate vertically through the interbedded clay lens and 
horizontally through the pit walls into the Laguna forma-
tion.  Flood waters and perhaps treated recycled water can 
be discharged into these pits for year round recharge.  Th e 
RWQCB will need to provide regulatory approval prior to 
any use of these pits for recharge.

Other known recharge locations are along the Cosumnes 
River.  Th e Cosumnes River overlies very transmissive soils 
evidenced by the lack of river fl ow during certain times of 
year.  Enhancing this recharge is already being considered 
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through a pilot program (coordinated through the Water 
Forum, SCWA, TNC and SSCAWA) that would convey 
American River water through the Folsom South Canal 
and then discharge it to the Cosumnes River at the canal 
crossing.  It is hoped that this program will demonstrate 
an improvement in the fi shery and riparian habitat along 
the Cosumnes River.

Actions.  SCWA will take the following action:

SCWA will continue to work with mining companies, 
TNC and SSCAWA to explore the possibilities for enhanc-
ing recharge into the Zone 40 groundwater basin.

3.6.5 Control of the Migration and Remedia-
tion of Contaminated Groundwater

Contaminated groundwater within Zone 40 is primarily 
from Mather Field, Aerojet, and Boeing.  Th e groundwa-
ter contamination plumes from these sources are shown in 
Figure 2-3.  Also of concern is localized contamination by 
industrial/commercial point sources such as dry cleaning 
facilities and numerous fuel stations throughout the basin.

While SCWA does not have authority or the responsibil-
ity for remediation of this contamination, it is committed 
to coordinating with responsible parties and regulatory 
agencies to stay informed on the status and disposition of 
known contamination in the basin.  For example, SCWA 
has requested and entered into its DMS known LUSTs 
within the basin.  Th is information is maintained by the 
SWRCB and RWQCB.  Also, SCWA has been in com-
munication with AFRPA, which is overseeing remedia-
tion eff orts at Mather AFB (see Section 3.4.2).

Actions.  SCWA will take the following actions:

Coordinate with known responsible parties to develop a 
network of monitoring wells to act as sentry wells for public 
supply wells.

If detections occur in these monitoring wells, meet with 
the responsible parties to develop strategies to minimize the 
further spread of contaminants.  An example of a strategy 
would be to consider altering groundwater extraction pat-
terns in the area to change the groundwater gradient. 

Use the information on mapped contaminant plumes and 
LUST sites in developing groundwater extraction patterns 
and in the siting of future production or monitoring wells.

Meet with representatives of the RWQCB to establish a 
mutual understanding about SCWA’s groundwater man-
agement responsibilities.  Identify ways to have open and 
expedited communication with RWQCB regarding any 
new occurrences of LUSTs, particularly when contamina-
tion is believed to have reached the groundwater.  

3.6.6  Control of Saline Water Intrusion

Saline water intrusion from the Sacramento/San Joaquin 
River Delta (Delta) is not currently a problem in the 
Central Basin, and is not expected to become a problem 
in the future.  Higher groundwater elevations associated 
with recharge from the American and Sacramento rivers 
have maintained a historical positive gradient preventing 
signifi cant migration of any saline water from the Delta  
into the Sacramento County region.  Th ese groundwater 
gradients will continue to serve to prevent any localized 
pumping depressions in the basin from inducing fl ow 
from the Delta into the Central Basin.

Actions.  SCWA will take the following actions:

Track the progression, if any, of saline water bodies moving 
toward the east from the Delta.  Because this is a highly 
unlikely scenario, this action will be limited to communi-
cating with DWR’s Central District Offi  ce on a biennial 
basis to check for signifi cant changes in TDS concentrations 
in wells.  DWR has a regular program of sampling water 
quality in select production wells throughout the adjacent 
Solano, San Joaquin, and Yolo counties.  Th is will serve as 
an early warning system for the potential of saline water 
intrusion from the Delta.

Observe TDS concentrations in Zone 40’s municipal wells 
that are routinely sampled under Title 22.  Th is data will 
be readily available as part of the DMS and are already an 
on-going task for the annual review of basin conditions.

Inform all stakeholders of the presence of the salinity inter-
face and the approximate depth to the interface for their ref-
erence when siting potential wells. SCWA will also ensure 
that EMD, which issues well permits, is aware of the inter-
face.  SCWA will provide a map indicating the contour of 
the elevation of the base of fresh water in Sacramento County 
to EMD for their reference when issuing well permits.
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3.7 COMPONENT CATEGORY 4: 
GROUNDWATER SUSTAINABILITY

To ensure a long-term viable supply of groundwater, 
SCWA is seeking to maintain or increase the amount 
of groundwater stored in the basin over the long-term.  
Th e WFA’s groundwater management element provides a 
framework by which the groundwater resource in the Sac-
ramento County-wide basin can be protected and used in 
a sustainable manner.  It recommends an average annual 
sustainable groundwater yield within the Central Basin 
of 273,000 AF/year.  As discussed in Section 2, historic 
groundwater extractions have resulted in a net depletion 
of groundwater stored under the Zone 40 area.  To ensure 
a sustainable resource, SCWA continues to move forward 
with its conjunctive use program in Zone 40 including 
pursuit of additional surface water supplies, increased use 
of recycled water, and implementation of the WFA water 
conservation element.  Current conjunctive use activities 
include improvements to the City of Sacramento/SCWA 
Franklin Boulevard connection and continued develop-
ment of the Freeport Regional Water Project that will 
bring additional surface water supplies into Zone 40.

Two primary activities will result in an improved abil-
ity to sustain the viability of the groundwater resource 
for the region.  Conjunctive management is an activity 
that includes the planning and construction of facilities 
to increase the available water supply to the area as well 
as to create opportunities for the banking and exchange 
of water with local in-basin partners after local needs are 
met.  Th ese partnerships will result in increased surface 
water and perhaps revenue to pay for some of the neces-
sary capital improvements to help sustain the resource in a 
cost-eff ective way (Conjunctive Management Activities).

SCWA is committed to expanded direct recharge activi-
ties and proposes to investigate a variety of ways of 
recharging water into the available storage space in the 
basin.  Opportunities for direct recharge from overlying 
land in the basin exist through recharge basins (e.g., aban-
doned aggregate mining pits) or through aquifer storage 
and recovery (ASR).  Th e City of Roseville is currently 
implementing ASR programs where treated surface water 
is being injected into the groundwater and recovered 
through wells in the summer months and dry years.  Most 
of the potential recharge opportunities could occur by 
providing raw or treated surface water to municipal and 
agricultural users in-lieu of their extracting groundwater.  
During the early phases of Zone 40’s conjunctinve use 

program, there is expected to be excess capacity in both 
the raw water pipeline from the Freeport diversion and 
the Central WTP that could be delivered through some 
means of conveyance to groundwater users.

Actions.  SCWA will take the following actions:

Continue to investigate conjunctive use opportunities 
within the Zone 40 area.  Zone 40 and other groundwater 
users within the Central groundwater basin will coordinate 
any recharge eff orts.

Continue to investigate opportunities for the development 
of direct recharge facilities in addition to in-lieu recharge 
(e.g. injection wells or surface spreading facilities, through 
constructed recharge basins or in river or streambeds).

3.7.1  Demand Reduction

Another way to maintain the sustainable yield of the basin 
and continue to achieve in-lieu recharge is by reducing 
demand for potable water supplies by conservation and 
through the use of recycled water for landscape irrigation.

Water Conservation.  While SCWA is not currently a mem-
ber of the RWA, SCWA participates in RWA’s eff orts in 
developing and implementing a regional Water Effi  ciency 
Program (WEP).  Th e WEP assists participants in meet-
ing their water conservation agreements with the Water 
Forum, the California Urban Water Conservation Coun-
cil, and if necessary, the Central Valley Project Improve-
ment Act (CVPIA).  Th e goal of the WFA is to achieve 
system-wide conservation of slightly more than 25 per-
cent by the year 2030.

Water Recycling.  SRCSD treats wastewater for the Sac-
ramento region at its Elk Grove Wastewater Treatment 
Plant and is looking for ways to increase demand for tir-
tiary treated or recycled water.  Currently, SRCSD is treat-
ing approximately 5 MGD of recycled water at its Elk 
Grove facility and delivering it to nearby landscape irriga-
tion users within Zone 40.  SRCSD expects the capacity 
of that facility to increase to 10 MGD over the next few 
years to serve the East Franklin and Laguna Ridge devel-
opment areas within Zone 40.  

Actions.  SCWA will take the following actions:

Continue to participate in RWA’s WEP to ensure that 
SCWA’s conservation eff orts are on track.  For those who 
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receive wholesale water supplies from Zone 40, SCWA will 
ensure that they are informed of the benefi ts and regional 
importance of participating in the WEP.

Coordinate with SRCSD to investigate further opportuni-
ties for expanded use of recycled water throughout Zone 40 
and the Central Basin.

3.8 COMPONENT CATEGORY 5: 
PLANNING INTEGRATION

With the large number of autonomous water purvey-
ors  serving the greater Sacramento area, the need to 
integrate water management planning on a regional 
scale is a high priority.  Individual purveyors derive 
their supplies from the American River, the Sacramento 
River, the groundwater basin, or some mix of these 
sources. Individual purveyor infrastructure systems are 
mostly independent; where interconnections do exist 
between purveyors, they are typically for emergency 
purposes only.

Th e WFA provides a regional conjunctive use framework 
with commitments from individual purveyors concern-
ing groundwater and surface water operations, including 
limitations on surface water diversions from the lower 
American River during dry years.  SCWA and others 
planning eff orts seek to better integrate the individual 
plans of various entities to implement various elements 
of the WFA in keeping with the 2030 regional frame-
work.  Such integration also promotes operational effi  -
ciency, cost savings, and in some cases generates larger 
statewide-system benefi ts.   SCWA recognizes that some 
non-signatures to the WFA have an interest in water sup-
ply planning coordination. 

3.8.1  Existing Integrated Planning Efforts

Zone 40 has already demonstrated implementation of 
integrated management in the region through its coop-
eration with the City of Sacramento in treating and 
wheeling surface water, through participation in the 
WEP, and through the SRCSD recycled water pro-
gram.  Some of the integrated planning eff orts to date 
are listed below.

Water Effi  ciency Program.  
Described in Section 3.7.1

City of Sacramento Wheeling Agreement.  
Described in Section 2.5

SCWA/SRCSD Recycled Water Program.    
Described in Section 3.7.1

Urban Water Management Planning. Zone 40 and its retail 
water purveyors are required to prepare Urban Water 
Management Plans.  Th ese plans, as defi ned by CWC § 
10610 et seq., require public water suppliers with more 
than 3,000 customers or that deliver more than 3,000 AF 
of water annually to identify conservation and effi  cient 
water use practices to help ensure a long-term, reliable 
water supply.  To date, all retail purveyors have submitted 
plans to DWR.  

DWSAP Program.  Th e DWSAP Program is administered 
by DHS.  As a fi rst step to a complete source protec-
tion program, DHS required water systems to conduct 
a preliminary assessment.  Th e assessment includes the 
“delineation of the area around a drinking water source 
through which contaminants might move and reach that 
drinking water supply; an inventory of PCAs that might 
lead to the release of microbiological or chemical con-
taminants within the delineated area; and a determina-
tion of the PCAs to which the drinking water source 
is most vulnerable (http://www.dhs.ca.gov/ps/ddwem/
dwsap/overview.htm).”

Th e assessments only apply to agencies that deliver 
groundwater for public drinking water supply.  Data from 
the assessments have or will be incorporated into Zone 
40’s DMS.

Land Use Planning.  Eff ective January 1, 2002, state law 
required (SB610 and SB221) that a water supplier take 
certain actions to confi rm suffi  cency of water supply as a 
condition to approval of some new development projects.  
Th ese actions involve the development of Water Supply 
Assessments and Writtern Verifi cations at the request 
of the land use authority.  Th ese documents provide an 
assurance that adequate water supplies are available before 
a project moves forward.

Integrated Surface Water and Groundwater Model-
ing.  SCWA is interested in using and building upon 
existing groundwater models for the Sacramento area.  
In the late 1990s, a range of groundwater extraction 
and recharge scenarios were simulated using the North 
American River and Sacramento County Combined 
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Integrated Groundwater and Surface Water Model 
(IGSM13).  Th is model was originally developed for the 
American River Water Resources Investigation (ARWRI) 
conducted by Reclamation and was later used for the 
Draft Water Forum Solution Model developed for the 
Water Forum.  Th e purpose of the Water Forum’s use of 
the model was development of a conjunctive use strategy 
for the groundwater basin underlying Sacramento County 
and southern Placer County.  SGA recently updated the 
calibration model to run with the latest version of IGSM. 
Historical water budgets from 1969 to 1995 were devel-
oped and a comparison of model results with actual mea-
sured values for groundwater elevations and streamfl ows 
over the calibration period were provided.  SCWA and 
SGA are pursuing having the calibration period extended 
from 1995 to 2000, and to extend the planning model 
hydrologic period that used for measuring eff ects of con-
junctive use practices.  Currently the hydrologic period 
extends from 1922 to 1995.

SCWA’s interest in maintaining and updating the IGSM 
is because it forms the basis for the WFA, and the Zone 

40 Master Plan Environmental analyses.  SCWA is also 
interested in being custodian of the IGSM model because 
it is the model used for regional planning by Reclamation 
and DWR for projects such as the ARWRI, the CVPIA, 
and the CALFED process.  

Actions.  SCWA will take the following actions:

Prepare and adopt a formal integrated water manage-
ment plan in accordance with CWC § 10540 et seq.  Th e 
plan will include, but not be limited to, the elements listed 
above.  Zone 40 will seek to form an ad hoc committee 
with the RWA, the SSCAGA, and the Nature Conservancy 
to determine which agency would be most appropriate 
to prepare that plan and  to update and make use of the 
IGSM model.  

Review the Water Forum Land Use procedures and make 
recommendations on what additional role, if any, the Zone 
40 should take with respect to land use decisions within the 
Zone 40 area.

13The IGSM is a fi nite element, quasi three-dimensional, multi-layered model that integrates surface water and groundwater on a monthly time step.  The IGSM 
was developed for use as a regional planning tool for large areas infl uenced by both surface water and groundwater.   The tool is well-equipped to accommo-
date input and output of land use and water use data over large areas.  Data input includes hydrogeologic parameters, land use, water demand, precipitation 
and other hydrologic parameters, boundary infl ows, and historical water supply.  For purposes of parameter defi nition and developing water budgets around 
physical and/or political boundaries, the IGSM divides Sacramento, Placer, Sutter, and San Joaquin counties into subregions.  Each subregion is further divided 
into unique numbered elements varying from 200 to 800 acres in size.  Overlying this grid is a coarse parametric grid utilized for specifying aquifer and other 
parameters. 
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4.1 ANNUAL GMP IMPLEMENTATION REPORT

SCWA will report on the progress made implementing the GMP in an annual State of 
the Basin report, which will summarize groundwater conditions in the Zone 40 area 
and document groundwater management activities from the previous year.  Much of 
the data used in the annual State of the Basin report will come from the monitoring and 
successful implementation of the action items stated above and from data collected and 
entered into the DMS.  Appendix C provides examples of the kinds of output that will 
be taken from the DMS and interpreted by a hydrogeologist in an annual report.  Figure 
3-5 is an example of the cross-section utility of the DMS that can be used to indicate the 
heterogeneity of the basin and where water bearing deposits may lie in comparison with 
actual measured groundwater elevation and well screen data.  Th is report will include:

� Summary of monitoring results, including a discussion of historical trends.

� Summary of management actions during the period covered by the report.

� Improved characterization of the groundwater basin through interpretation of 
the DMS cross section.

� Summary and interpretation of water quality and groundwater elevation data.

� A discussion, supported by monitoring results, of whether management actions 
are achieving progress in meeting BMOs.

� Summary of any plan component changes, including the addition or modifi ca-
tion of BMOs during the period covered by the report.

� Th e State of the Basin report will be completed by April 1st each year and will 
report on conditions and activities completed through December 31st of the 
prior year.

PLAN IMPLEMENTATION
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Table 4-1 summarizes the action items presented in Section 3 

and an implementation schedule.  Many of these actions 

involve coordination by the SCWA with other local, state and 

federal agencies within 6 months of the adoption of this GMP.  

A few activities involve assessing trends in basin monitoring 

data for the purpose of determining the adequacy of the moni-4
toring network.  Th ese assessments will be made as new monitoring data become available for review by 

SCWA and results will be documented in an annual State of the Basin report (see below).
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Description of Action

Implementation 
Schedule (approximate 
time for commencing 

activity following 
adoption of GMP)

 I.   COMPONENT CATEGORY 1: STAKEHOLDER INVOLVEMENT

       INVOLVING THE PUBLIC  

1. Continue efforts to encourage public participation as opportunities arise. on-going

2. Review and take actions from the Public Outreach Plan as necessary during implementation of various aspects of the GMP. on-going

3. Provide briefi ngs to the CSCGF on GMP implementation progress. on-going

4. Work with basin stakeholders to maximize outreach on GMP activities including the use of the SCWA website. 12 months

       INVOLVING OTHER AGENCIES WITHIN AND ADJACENT TO THE ZONE 40 AREA  

1. Continue high level of involvement with SGA, TNC, SSCAWA and others in implementing the GMP. on-going

2. Provide copies of the adopted GMP and subsequent annual reports to representatives from CSCGF, SGA, TNC, SSCAWA and other 
interested parties.

6 months

3. Meet with representatives from CSCGF, SGA, TNC, SSCAWA and others, as needed. 6 months

       UTILIZING ADVISORY COMMITTEES  
1. Upon adoption of the GMP, the acting Technical Review Committee will meet to discuss the continuation and composition of committees 

to guide implementation of the plan.
6 months

       DEVELOPING RELATIONSHIPS WITH STATE AND FEDERAL AGENCIES  

1. Continue to develop working relationships with local, state, and federal regulatory agencies. on-going

PURSUING PARTNERSHIP OPPORTUNITIES  

1. Continue to promote partnerships that achieve both local supply reliability and achieve broader regional and statewide benefi ts. on-going

2. Continue to track grant opportunities to fund groundwater management activities and local water infrastructure projects. on-going

 II.  COMPONENT CATEGORY 2: MONITORING PROGRAM

      GROUNDWATER ELEVATION MONITORING  
1. Coordinate with SGA, SSCAWA, TNC and others to identify an appropriate group of wells for monitoring for a spring 2005 set of 

groundwater elevation measurements.
6 months

2. Coordinate with DWR to ensure that the selected wells are maintained as part of a long-term monitoring network. 6 months
3. Coordinate with agencies involved in data collection to ensure that needed water level elevations are collected and verify that uniform 

data collection protocols are used among the agencies.
6 months

4. Coordinate with the USGS to determine the potential for integrating USGS monitoring wells constructed for the National Water Quality 
Assessment (NAWQA) Program into the Zone 40 monitoring network.

6 months

5. Consider ways to fi ll gaps in the monitoring well network by identifying additional suitable existing wells or identifying opportunities for 
constructing new monitoring wells.

6 months

6. Assess groundwater elevation trends and conditions based on the network annually.

Results and recommendations 
included in State of Basin 
report published in July of 

each year

7. Assess the adequacy of the groundwater elevation monitoring well network annually.

Results and recommendations 
included in State of Basin 
report published in July of 

each year

8. Identify a subset of monitoring wells that will be monitored more frequently than twice annually to improve SCWA’s understanding of 
aquifer responses to pumping throughout the year.

12 months

      GROUNDWATER MANAGEMENT SYSTEM  

1. Provide SCWA staff with training and use of the Zone 40 DMS. 6 months

2. Populate and update the DMS with available groundwater, water quality, well, and surface water data. 6 months

3. Develop list of recommended enhancements to the DMS. 6 months

4. Provide resources for maintaining and updating the DMS and the Sacramento County IGSM. 6 months

5. Develop State of the Basin Report. 6 months

Table 4-1. Summary of GMP Actions
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4.2 FUTURE REVIEW OF GMP

Th is GMP is intended to be a framework for the fi rst 
regionally coordinated management eff orts in the Zone 
40 area.  As such, many of the identifi ed actions will likely 
evolve as Zone 40 actively manages and learns more about 
the basin and as the CSCGF negotiations determine a 
groundwater management entity for the entire Central 
groundwater basin.  Many additional actions will also be 
identifi ed in the annual summary report described above.  
Th e GMP is therefore intended to be a living document, 
and it will be important to evaluate all of the actions and 
objectives over time to determine how well they are meet-
ing the overall goal of the plan.  SCWA plans to evaluate 
this entire plan within fi ve years of adoption.

4.3 FINANCING

It is envisioned that implementation of the GMP, as well 
as many other groundwater management-related activi-
ties will be funded from a variety of sources including the 
Zone 40 fee program; in-kind services by other agencies; 
state or federal grant programs; and local, state, and fed-
eral partnerships.  Some of the items that would likely 
require additional resources include:

� Monitoring for groundwater quality or elevations 
in non-purveyor wells.

� Customization of the DMS interface.

� Preparation of GMP annual reports.

� Updates of the overall GMP.

� Update of data sets and recalibration/improve-
ment of existing groundwater model.

� Collection of additional subsidence data.

� Construction of monitoring wells where critical 
data gaps exist.

� Stream-aquifer interaction studies.

� Implementation of the GMP including:

� Committee coordination.

� Project management.

� Implementation of regional conjunctive use pro-
gram.

� During year one of plan implementation, an esti-
mate of some of the likely costs associated with the 
above activities will be prepared.

 III.  COMPONENT CATEGORY 3: GROUNDWATER RESOURCE PROTECTION

       WELL CONSTRUCTION POLICIES  
1. Coordinate with the Sacramento County Environmental Management Department on the administration of the well construction and 

abandonment program.
on-going

2. Educate the Sacramento County Environmental Management Department on the Zone 40 GMP and SCWA’s role in groundwater 
protection.

6 months

       WELLHEAD PROTECTION  

1. Update list of PCA’s and delineation of capture zone areas. 12 months
2. Coordinate with Sacramento County, City of Elk Grove, and City of Rancho Cordova Planning Staff on location of Zone 40 wells and their 

capture zones.
12 months

 IV.  COMPONENT CATEGORY 4: GROUNDWATER SUSTAINABILITY

       DEMAND REDUCTION  

1. Coordinate with SRCSD to investigate further opportunities for expanded use of recycled water. on-going

 V.  COMPONENT CATEGORY 5: PLANNING INTEGRATION

       INTEGRATED WATER MANAGEMENT PLAN  

2. Prepare and adopt a formal integrated water management plan in accordance with CWC 10540. on-going
2. SCWA will seek to form an ad hoc committee with the RWA, SGA, SSCAGA, and TNC to determine which agency(s) would be most 

appropriate to prepare an integrated water management plan and to update and make use of the IGSM model.
12 months

Table 4-1. Summary of GMP Actions continued
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1.0 SCOPE AND APPLICATION
The purpose of this Standard Operating Procedure (SOP) is to set guidelines for the
determination of the depth to water and separate phase chemical product (i.e., gasoline or oil) in
a water supply well, monitoring well, or piezometer.  These standard operating procedures may
be varied or changed as required, dependent on site conditions, and equipment limitations.  In all
instances, the actual procedures employed will be documented and described on the field form.
Mention of trade names or commercial products does not constitute endorsement or
recommendation for use.

Generally, water-level measurements taken in piezometers, or wells are used to construct water
table or potentiometric surface maps and to determine flow direction as well as other aquifer
characteristics.  Therefore, all water level measurements in a given district should preferably be
collected within a 24-hour period and Zone 40’s area within one week.  However, certain
situations may produce rapidly changing groundwater levels that necessitate taking
measurements as close in time as possible.  Large changes in water levels among wells may be
indicative of such a condition.  Rapid groundwater level changes may occur due to:

• Atmospheric pressure changes

• Changes in river stage, impoundments levels, or flow in unlined ditches

• Pumping of nearby wells

• Precipitation

• Tidal influences

2.0 METHOD SUMMARY
A survey mark should be placed on the top of the riser pipe or casing as a reference point for
groundwater level measurements.  If the lip of the riser pipe is not flat, the reference point may
be located on the grout apron or the top of the outer protective casing (if present).  The
measurement reference point should be documented on the groundwater level data form.  All
field personnel must be made aware of the measurement reference point being used in order to
ensure the collection of comparable data.  Before measurements are made, water levels in
piezometers and monitor wells should be allowed to stabilize for a minimum of 24 hours after
well construction and development.  Measurements in water supply wells need to be noted as
questionable if pumping has or is occurring.  In low yield situations, recovery of water levels to
equilibrium may take longer.  All measurements should be made as accurately as possible, with a
minimum accuracy of 0.1 feet. Future measurements may have to be more accurate
(measurements to the nearest 0.01 foot may be needed for conjunctive use projects, etc.).
Ideally, the minimum measurement accuracy is 0.1 feet and the recommended accuracy is 0.01
feet.

If there is reason to suspect groundwater contamination, water level measuring equipment must
be decontaminated and, in general, measurements should proceed from the least to the most
contaminated wells.  This SOP assumes an absence of contamination and no need for air
monitoring or decontamination.

Open the well and monitor the headspace with the appropriate air-monitoring instrument if the
presence of volatile organic compounds is suspected.  For electrical sounders lower the device
into the well until the water surface is reached as indicated by a tone or meter deflection. Record
the distance from the water surface to the reference point. Measurement with a chalked tape will
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necessitate lowering the tape below the water level and holding a convenient foot marker at the
reference point. Record both the water level as indicated on the chalked tape section and the
depth mark held at the reference point The depth to water is the difference between the two
readings. Remove measuring device, replace riser pipe cap, and decontaminate equipment as
necessary. Note that if a separate phase is present, an oil/water indicator probe is required for
measurement of product thickness and water level.

3.0 POTENTIAL PROBLEMS
1. Cascading water, particularly in open-hole or rock wells, may interfere with the

measurement.

2. Some older types of electric sounders are only marked at five-foot intervals. A surveyor’s
tape is necessary to extrapolate between the 5-foot marks.

3. Oil or other product floating on the water column can insulate the contacts of the probe
on an electric sounder and give false readings. For accurate level measurements in wells
containing floating product, a special oil/water level indicator is required, and the
corrected water level must be calculated.

4. Tapes (electrical or surveyor’s) may have damaged or missing sections, or may be spliced
inaccurately.

5. An airline may be the only available means to make measurements in sealed production
wells but the method is generally accurate only to approximately 0.2 foot.

6. When using a steel tape, it is necessary to lower the tape below the water level in order to
make a measurement. This assumes knowledge of the approximate groundwater level.

4.0 EQUIPMENT
The electric water level indicator and the chalked steel tape are the devices commonly used to
measure water levels. Both have an accuracy of 0.01 feet. Other field equipment may include:

• Air monitoring instrumentation

• Well depth measurement device (sounder)

• Chalk

• Ruler

• Site logbook

• Paper towels and trash bags

• Decontamination supplies (assumed unnecessary)

• Groundwater level data forms

5.0 PROCEDURES
5.1 Preparation

1. Determine the number of measurements needed, the methods to be employed, and
the equipment and supplies needed.

2. Decontaminate or pre-clean equipment, and ensure that it is in working order.

3. Coordinate schedule with staff and regulatory agency, if appropriate.
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4. If this is an initial visit, perform a general site survey prior to site entry in
accordance with a current approved site specific Health and Safety Plan (id
applicable).

5. Identify measurement locations.

5.2 Procedures
Procedures for determining water levels are as follows:

1. If possible, and when applicable, start at those wells that are least contaminated
and proceed to those wells that are most contaminated.

2. Rinse all the equipment entering the well.

3. Remove locking well cap, note well ID, time of day, and date on the groundwater
level data form.

4. Remove well cap.

5. If required by site-specific condition, monitor headspace of well with a
photoionization detector (PID) or flame ionization detector (FID) to determine
presence of volatile organic compounds, and record results in logbook.

6. Lower water-level measuring device into the well.  Electrical tapes are lowered to
the water surface whereas chalked steel tapes are lowered generally a foot or more
below the water surface.  Steel tapes are generally chalked so that a 1-to 5-foot
long section will fall below the expected water level.

7. For electrical tapes record the distance from the water surface, as determined by
the audio signal or meter, to the reference measuring point and record.  For
chalked tapes, an even foot mark is held at the reference point, once the chalked
section of the tape is below the water level.  Both the water level on the tape and
the foot mark held at the reference point is recorded.  The depth to the water is
then the difference between the two readings.  In addition, note the reference
point used (top of the outer casing, top of the riser pipe, ground surface, or some
other reproducible position on the well head).  Repeat the measurement.

8. Remove all downhole equipment, replace well cap and locking steel caps.

9. Rinse all downhole equipment and store for transport to the next well.

10. Note any physical changes, such as erosion or cracks in protective concrete pad or

11. Note any physical changes, such as erosion or cracks in protective concrete pad or
variation in total depth of well on groundwater level data form.

6.0 CALCULATIONS
To determine groundwater elevation above mean sea level, use the following equation:

Ew = E - D
where:

EW  =  Elevation of water above mean sea level (feet) or local datum

E  =  Elevation above sea level or local datum at point of measurement (feet)

D  =  Depth to water (feet)
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7.0 QUALITY ASSURANCE/QUALITY CONTROL
The following general quality assurance/quality control (QA/QC) procedures apply:

1. All data must be documented on the groundwater level data forms.

2. All instrumentation must be operated in accordance with operating instructions as
supplied by the manufacturer, unless otherwise specified.

3. Each well should be tested at least twice in order to compare results. If results do not
agree to within 0.02 feet, a third measurement should be taken and the readings averaged.
Consistent failure of consecutive readings to agree suggests that levels are changing
because of one or more conditions as indicated in Section 1, and should be noted on the
field form.

4. Results should be compared to historical measurements while in the field and significant
discrepancies noted and resolved if possible.

5. Wells for which no or questionable measurements are obtained need to have the codes
entered on the field form as follows:

No Measurement Questionable Measurement

0 Discontinued 0 Caved or deepened
1 Pumping 1 Pumping
2 Pumphouse locked 2 Nearby pump operating
3 Tape hung up 3 Casing leaking or wet
4 Can’t get tape in casing 4 Pumped recently
5 Unable to locate well 5 Air or pressure gauge

 measurement

6 Well destroyed 6 Other
7 Special 7 Recharge operation at

nearby well

8 Casing leaking or wet 8 Oil in casing
9 Temporarily inaccessible
D. Dry well
F. Flowing well

6. The surveyor(s) must complete all fields on the field form and initial.  Upon return from
the field, appropriate corrective actions need to be communicated and completed prior to
the next survey event.

7. All data entered into electronic spreadsheet or database should be double-keyed or hard
copy printed and proofed by a second person.

8. Questionable wells or measurements noted during data compilation need to result in
corrective actions if applicable.

8.0 HEALTH AND SAFETY
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This SOP assumes that only uncontaminated wells are being measured.  If not, a current
approved site Health and Safety Plan should be consulted..

9.0 REFERENCES
Driscoll, F.G. 1986. Groundwater and Wells. Second Edition. Chapter 16. Collection and
Analysis of Pumping Test Data. pp 534-579. Johnson Filtration Systems Inc. St. Paul, Minnesota.

U.S. Environmental Protection Agency (USEPA), 1986. RCRA Groundwater Monitoring
Technical Enforcement Guidance Document, pp. 207.

USEPA, 1987, A Compendium of Superfund Field Operations Methods.  EPA/540/p-87/001
Office of Emergency and Remedial Response Washington, D.C. 20460.

USEPA, 2000. Environmental Response Team SOP 2043, 10 pages Feb. 11 2000.
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DWR Groundwater Level Monitoring Network in Sacramento County
(http://wdl.water.ca.gov)
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ACRONYMS AND ABBREVIATIONS

AFB Air Force Base

CHWD Citrus Heights Water District

ARGET American River Groundwater Extraction & Treatment

COC Constituents of Concern

CWD Carmichael Water District

DHS Department of Heath Services

DMP Data Management Plan

DMS Data Management System

DPMWD Del Paso Manor Water District

DPR California Department of Pesticide Regulations

DWR California Department of Water Resources

DWSAP Drinking Water Source Assessment and Protection Program

ELAP Environmental Laboratory Accreditation Program

EPA Environmental Protection Agency

FOWD Fair Oaks Water District

GEIMS Geographic Environmental Information Management Systems

IS Internal Standards

LCS Laboratory Spike Control

LLNL Lawrence Livermore National Laboratories

MCL Maximum Containment Levels

MS Matrix Spike

MSD Matrix Spike Duplicate

MWH Montgomery Watson Harza
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OWC Orangevale Water Company

PCE Perchloroethylene

QA/QC Quality Assurance / Quality Control

RLECWD Rio Linda/Elverta Community Water District

RWMP Regional Water Master Plan

RWQCB Regional Water Quality Control Board

SAWWA Sacramento Area Water Works Association

SCADA Supervisory Control and Data Acquisition

SCWA Sacramento County Water Agency

SCWC Southern California Water Company

SMWA Sacramento Metropolitan Water Authority

SGA Sacramento Groundwater Authority

SOC Synthetic Organic Compounds

SOP Standard Operating Procedures

SOW Scope of Work

TCE Trichloroethylene

TDS Total Dissolved Solids

USGS U.S. Geological Survey

VOC Volatile Organic Compounds
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1.0 INTRODUCTION
The overall objective of the DMS project is to develop a cost-effective groundwater data
management tool.  This DMS will be used to store and present the data required to monitor
existing and future conditions of the groundwater basin underlying the boundaries of Zone 40.

The purpose of Task 7 is to document the software used in developing the DMS and provide a
basic overview of the DMS features.  The task also involves providing a general overview of
how the primary functions of the DMS are performed.

This Task 7 summary memorandum is organized into the following sections:

Section 1: Introduction, including the purpose and scope of this document.

Section 2: User Requirements, including hardware, software, expertise, and training
requirements necessary to operate the DMS to its full capacity.

Section 3: DMS Primary Functions, including a summary of the types of data that can be
stored in the DMS, the types of ways the DMS can present the stored data, and a
guide to the on-line help features.

Section 4: Summary and Recommendations

Bibliography

Attachments

2.0 USER REQUIREMENTS

MWH developed the DMS using Microsoft Visual Basic.  The Visual Basic programming
language allows for development of stand-alone applications that require no additional licensing
or software purchases. The DMS stores and manages data using a SQL database that is
compatible with Microsoft Access.  The DMS is a software package that is installed on a
computer similar to any stand-alone application.  A CD will be provided for installation of the
DMS and associated groundwater data.  To use the DMS to its fullest capacity, the User should
meet the following hardware, software, expertise, and training requirements.

2.1 Hardware
Required: Laptop or desktop computer (300 MHz or faster) running the Microsoft Windows
operating system.

2.2 Software
Required: Microsoft Windows 98, 2000, or NT

Suggested support software that is automated by the DMS includes:

• Seagate Crystal Reports, for printing and developing custom reports;

• Golden Software Surfer 7.0, for printing of cross-section and contour data, and

• Microsoft Excel, for printing graphs

The DMS can run with or without these applications.  The User is referred to the individual
software documentation for the above programs as needed.
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2.3 Expertise/Training
User familiarity with typical Microsoft Windows based programs and database functions is
assumed.  No programming skills are necessary.

The DMS is one of many tools used for management of the groundwater basin.  To fully benefit
from the DMS, it is preferable that the User posses familiarity with geology and groundwater
terminology, and additional knowledge of the groundwater basin’s characteristics (i.e.,
hydrogeology, water purveyors, conjunctive use programs, etc.), and the regulatory reporting
requirements.

Although the DMS has been made as User-friendly as possible, some training will be required
for  efficient operation.  It is anticipated that more comprehensive training as well as a more
focused training manual will be provided to Zone 40 under a subsequent scope of work after the
actual User has been identified.

3.0 DMS PRIMARY FUNCTIONS

Because the DMS is designed to support Zone 40’s groundwater monitoring program, the main
features of the program focus on storing and presenting data for groundwater levels and
groundwater quality.  Supplemental data, such as well construction, pump specifications,
geologic descriptions, pumping amounts, and wellhead source protection are also included.

The primary tasks that the DMS can be used to perform are described in this section.

3.1 Storing Data
The database contains 26 tables and over 256 data fields.  The following is a summary of the
kinds of information stored for a selected well:

• Water Purveyor, including contact names, addresses, and phone numbers.

• Well Inventory Information, including purveyor, well names, locations, survey data, and
accessibility.

• Well Location Information, including well names, addresses, communities served, and
ground surface elevations.

• Well Construction Information, including installation date, depth, boring and construction
details, screen intervals, and integrity.

• Well Pump Information, including pump models, sizes, capacities, and control.

• Geological and Aquifer Information, including subsurface stratigraphy, lithology, and
aquifer physical parameters (transmissivity, hydraulic conductivity, porosity, pump test
results, geophysical logs).

• Wellhead Protection Information, including well seal details, length of gravel pack,
distance to sewer, enclosure type, and area surface drainage information.



SCWA Zone 40
Data Management System – Appendix C

MWH -3- September 2004

• Water Level Data, including measurement dates, depths to water, measurement devices, and
standing water elevations.

• Groundwater Extraction Information, including measurement frequency and production
volumes.

• Surface Water Use Data, including annual and monthly surface water use for the DMS
water providers.

• Well Injection Information, used for monitoring conjunctive use programs where treated
surface water is injected through the selected well.  These data include monthly and annual
surface water volumes.

• Well Water Quality Data, including sample dates, constituents reported, analytical results,
maximum contaminant limits, reported detection limits, and data flags.

The DMS includes additional features to provide consistent data entry and to secure data once it
is saved.  The User is asked to enter into a data edit mode before any changes or additions can be
made, and upon completion the User is asked to commit changes before saving to the database.
All data is portable through copy and paste commands to other program environments such as
Microsoft Excel.

3.2 Presenting Data

The DMS can present stored information in the following ways:

• Comprehensive raw data tables (the database tables used by the DMS).

• Purveyor filtered data tables where the wells and associated information are based on the
selected purveyor.

• Filtered data tables are presented according to parameters selected using the Query Building
Tool.

• Visual formats including well cross section diagrams, street maps, contours, coloration based
on well attributes, and graphs.

Additional presentation tools are provided through automation of Golden Software Surfer,
Seagate Crystal Reports, and Microsoft Excel.  These applications are used to supplement the
DMS with a set of quality graphics for use in reporting on and documenting the basin’s
performance.

3.3 Using On-line Help
The DMS has an on-line help feature that will guide the User through the various features.
Included as Appendix A are excerpts from the on-line Help for a brief orientation to the DMS.
Additional on-line Help will be developed as needed under a subsequent scope of work.
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4.0 SUMMARY AND CONCLUSIONS

The DMS has User requirements including hardware, software, expertise, and training for
successful operation.  Zone 40 will need to employ a person with several different discipline
skills for successful operation of the DMS, including database and hydrogeology expertise.  At
that time, the DMS will be installed on Zone 40 computer hardware, more comprehensive
training will be provided, and security measures will be developed under a separate scope of
work.
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