


This page intentionally left blank.



TTAABBLLEE  OOFF  CCOONNTTEENNTTSS

TTAABBLLEE  OOFF  CCOONNTTEENNTTSS  

PPRREEFFAACCEE ............................................................................................................. 1

SSEECCTTIIOONN  11..00  IINNTTRROODDUUCCTTIIOONN ....................................................................... 6
1.1 Background .......................................................................................................................................... 6 

1.2 Stakeholder Interest and Plan Format ............................................................................................. 6 

1.3 Objectives of GMP ............................................................................................................................. 8 

1.4 GMP Timeline and Development Process ..................................................................................... 9 

1.5 Elements of the SEBP Basin GMP .................................................................................................. 9 

1.6 Document Development ................................................................................................................... 9 

1.7 Authority To Prepare and Implement A GMP ............................................................................ 11 

1.8 Groundwater Management Plan Components ............................................................................. 11 

1.9 SEBP Groundwater Management Plan Structure ........................................................................ 12 

SSEECCTTIIOONN  22..00  WWAATTEERR  RREESSOOUURRCCEESS  SSEETTTTIINNGG  ..........................................................................................  1144  
2.1 Overview of SEBP Groundwater Basin ........................................................................................ 14 

2.2 Historical Groundwater Use in the East Bay Area ...................................................................... 14 

2.3 Groundwater Basin Delineation ..................................................................................................... 15 

2.4 Topography and Geomorphic Features ........................................................................................ 17 

2.5 Soils ..................................................................................................................................................... 17 

2.5.1 Type A Soils ........................................................................................................................... 17 

2.5.2 Type B Soils ........................................................................................................................... 17 

2.5.3 Type C Soils ........................................................................................................................... 17 

2.5.4 Type D Soils ........................................................................................................................... 19 

2.6 Surface Water Features .................................................................................................................... 19 

2.6.1 San Leandro Creek ................................................................................................................ 19 

2.6.2 San Lorenzo Creek ................................................................................................................ 19 

2.7 Precipitation ....................................................................................................................................... 19 

2.8 Land Use ............................................................................................................................................ 20 

2.9 Flood Plain Delineation ................................................................................................................... 22 

2.10 Hydrogeologic Setting .................................................................................................................... 24 

2.10.1 Geologic History ................................................................................................................. 25 

2.10.2 Mesozoic Through Early Cenozoic Basement Rocks Formed During Subduction of 
the Farallon Plate ........................................................................................................... 25 

South East Bay Plain Basin Groundwater Management Plan TOC - 1 
March 2013 



TTAABBLLEE  OOFF  CCOONNTTEENNTTSS

2.10.3 Mid-Cenozoic Rocks Formed Prior to the Existence of the San Francisco Bay 
Lowlands ......................................................................................................................... 29 

2.10.4 Plio-Pleistocene Fluvial Deposits Formed After Creation of the San Francisco Bay 
Lowlands ......................................................................................................................... 29 

2.10.5 Late Pleistocene Through Holocene Alluvial, Estuarine and Eolian Deposits ......... 29 

2.11 Geologic Structure .......................................................................................................................... 33 

2.12 Hydrogeologic Units ...................................................................................................................... 40 

2.12.1 Development of Updated Hydrogeologic Cross Sections ............................................ 42 

2.12.2 Deep Aquifer Hydraulic Properties .................................................................................. 45 

2.13 Groundwater Elevations and Flow .............................................................................................. 47 

2.14 Groundwater Quality ..................................................................................................................... 50 

2.14.1 General Chemistry .............................................................................................................. 50 

2.14.2 Regional Hydrogeologic Investigation, South East Bay Plain (CH2MHill, 2000) ..... 50 

2.14.3 Threats to Water Quality .................................................................................................... 56 

2.15 Groundwater Recharge .................................................................................................................. 56 

2.16 Groundwater Rights in California ................................................................................................ 61 

SECTION 33..00  GGRROOUUNNDDWWAATTEERR  MMAANNAAGGEEMMEENNTT  PPLLAANN  EELLEEMMEENNTTSS ... 63
3.1 Groundwater Management Goals .................................................................................................. 63 

3.2 Basin Management Objectives ........................................................................................................ 63 

3.3 GMP Components ........................................................................................................................... 64 

3.3.1  Stakeholder Involvement ................................................................................................. 64 

3.3.2  Monitoring Programs ....................................................................................................... 66 

3.3.3  Groundwater Basin Management Tools ........................................................................ 73 

3.3.4  Groundwater Resource Protection ................................................................................. 74 

3.3.5  Groundwater Sustainability ............................................................................................. 79 

SSEECCTTIIOONN  44..00  PPLLAANN  IIMMPPLLEEMMEENNTTAATTIIOONN  AANNDD  IINNTTEEGGRRAATTIIOONN  ........................  8888  
4.1 Periodic GMP Implementation Meetings ..................................................................................... 88 

4.2 Future Review of the SEBP Basin GMP ...................................................................................... 91 

4.3 Financing ............................................................................................................................................ 91 

4.4 Integrated Water Resources Management..................................................................................... 92 

South East Bay Plain Basin Groundwater Management Plan TOC - 2 
March 2013 



TTAABBLLEE  OOFF  CCOONNTTEENNTTSS

APPENDICES 

− Appendix A: Resolution of Intent 
− Appendix B: San Lorenzo Creek Watershed Map and Stream Flow Summaries 
− Appendix C: Flood Delineation Map Inserts 
− Appendix D: Updated Cross Sections and Documentation of Methodology 
− Appendix E: Water Quality Tables 
− Appendix F: Monitoring Guidelines 
− Appendix G: Water Quality Sampling Plan 
− Appendix H: Well Standards 

REFERENCES

South East Bay Plain Basin Groundwater Management Plan TOC - 3 
March 2013 



This page intentionally left blank.



AACCRROONNYYMMSS

AACCRROONNYYMMSS  

ACWD Alameda County Water District 

ABAG Association of Bay Area Governments 

AFY acre-ft per year 

AHGW Arc Hydro Groundwater 

ASR Aquifer Storage and Recovery 

CSM Conceptual Site Model 

DEIR Draft Environmental Impact Report 

DWR Department of Water Resources 

EBMUD East Bay Municipal Utility District 

EIR Environmental Impact Report 

FEMA Federal Emergency Management Agency 

ftp File Transfer Protocol 

GIS Geographic Information System 

gpd/ft gallons per day per foot 

GMP Groundwater Management Plan 

IGSM Integrated Groundwater and Surface Water Model 

LSCE Luhdorff & Scalmanini Consulting Engineers 

msl mean sea level 

NWIS National Water Information System 

NCGB Niles Cone Groundwater Basin 

NEBIGSM Niles Cone and South East Bay Plain Integrated Groundwater 
and Surface Water Model 

OLSD Oro Loma Sanitary District 

SB Senate Bill 

SEBP Basin South East Bay Plain Basin 

SSM Soil Survey Manual 

SWRCB State Water Resources Control Board 

TDS total dissolved solids 

USGS U.S. Geological Survey 

West Yost West Yost Associates 

WRIME Water Resources & Information Management Engineering Inc. 

South East Bay Plain Basin Groundwater Management Plan 
March 2013 



This page intentionally left blank.



PPRREEFFAACCEE

PPRREEFFAACCEE  
What Is The Intent of Preparing A Groundwater Management Plan (GMP)? 
Water is a finite resource with increasing demand for water exploration and reliance on local 
groundwater supplies has increased. Preserving this valuable natural resource is essential. Various 
state and local stakeholders recognize that proper management of groundwater resources is 
necessary. 

Recognizing the importance of managing groundwater resources, in 1992, the California Legislature 
passed Assembly Bill 3030 (AB 3030) which provided local public agencies increased management 
authority via the development of GMPs. In September 2002, Senate Bill 1938 expanded AB 3030 by 
requiring GMPs to include specific components in order to be eligible for grant funding for various 
types of groundwater related projects. A GMP provides the framework for coordinating 
groundwater management activities among stakeholders. In general, GMP documents are prepared 
to identify basin management goals and objectives. They also are used to guide future efforts that 
could be undertaken to effectively monitor and manage a groundwater basin. 

With that understanding, the Board of Directors of East Bay Municipal Utility District unanimously 
adopted a resolution of intent to prepare a GMP for the South East Bay Plain Basin on May 24,
2011. EBMUD, together with other basin stakeholders, has prepared this GMP as a means to assure 
basin sustainability for generations to come. 

The South East Bay Plain Basin’s Groundwater Management Plan Satisfies Multiple Stakeholder Needs and 
Objectives 

What Is A GMP? 
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 documents” that can be readily updated and refined over 
time to reflect progress made in achieving the GMP’s objectives. Because many agencies are new to 
groundwater planning, state law (SB 1938) outlines a series of actions that will promote ongoing 
GMP development.  

In addition, 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. 

What Is Required In A GMP? 
SB 1938 describes the preparation of GMPs and contains numerous requirements and provisions 
which are briefly summarized as follows: 

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

 A GMP establishes groundwater Basin Management Objectives (BMOs) that are designed to
protect and enhance the groundwater basin.
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 A GMP identifies monitoring and management programs that ensure the BMOs are being
met.

 A GMP outlines a stakeholder involvement and public information plan for the ground
water basin.

Why Was The SEBP GMP Prepared? 
The South East Bay Plain (SEBP) Basin GMP has been prepared primarily to document ongoing 
groundwater management activities, coordinate among basin stakeholders, and prepare for future 
activities: 

 A GMP is a prerequisite for state grant funding opportunities.
 The GMP develops a framework or baseline on which to build future planning efforts.
 Preparing a GMP is good planning procedure.
 The SEBP Basin GMP satisfies multiple stakeholder needs and objectives.

Stakeholder Involvement 
To address the needs of all affected stakeholders, several meetings and workshops were held that 
included a discussion of the means of achieving broader involvement in the management of the 
Basin. Activities have included: 

 Stakeholder planning meetings
 Coordinating with other local agencies and interests adjacent to the SEBP basin area
 Soliciting input from stakeholders during the development and public comment process for

approving the GMP
 Developing and fostering relationships with state and federal regulatory agencies
 Incorporating comments received from stakeholders into the GMP

Future Action Items and Recommendations 
The intended approval date of the SEBP Basin GMP is March 26, 2013. Following approval, 
Stakeholders will meet periodically to share basin information and to consider potential refinements 
to the GMP, adding the next increment of details as and when appropriate.  

In addition, the following recommendations will move forward: 

 Encourage local stakeholder agencies to adopt the GMP
 Encourage Alameda County Board of Supervisors to adopt more stringent policies regarding

well standards
 Future grant funding should be used when available to:

− Better understand the connectivity between the SEBP Basin and the Niles Cone
Groundwater Basin 

− Establish survey control within the Basin 
− Expand the groundwater model (to include water quality data evaluation, additional 

geologic data as collected, etc.) 
− Improve basin understanding 
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DWR Bulletin 118 delineates the boundaries of the East Bay Plain Basin ranging from 
the Carquinez strait in the north to the City of Hayward area in the south. It is bound by 
the Hayward fault zone in the east and San Francisco Bay in the west. Only the southern 
portion of East Bay Plain Basin has significant storage capacity and has seen significant 
municipal, industrial, and irrigation well production.  

As such, for all practical purposes, the management of groundwater resources focuses 
the southern portion of the Basin. 

− Coordinate among stakeholders; and 
− Support beneficial uses of the SEBP basin 
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Figure P-1: San Francisco Bay Hydrologic Region 
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1.1 BACKGROUND 
In 1992, the California Legislature passed Assembly Bill (AB) 3030 which provided local public 
agencies increased management authority over their groundwater resources by enabling them to 
develop Groundwater Management Plans (GMPs). In September 2002, Senate Bill 1938 expanded 
AB 3030 by requiring GMPs to include specific components in order for Basin agencies to be 
eligible for grant funding for various types of groundwater related projects. A GMP provides the 
framework for coordinating groundwater management activities among stakeholders. In general, the 
documents are fashioned to identify basin management goals and objectives, along with guiding 
further efforts that will be undertaken to effectively monitor and manage a groundwater basin.  

In recent years, due primarily to local interest in the southern portion of the East Bay Plain 
Groundwater Basin (the South East Bay Plain Basin or SEBP Basin), the interest in crafting a GMP 
for the SEBP Basin has grown. East Bay Municipal Utility District (EBMUD), as the largest water 
provider overlying the East Bay Plain Basin, has taken the lead to guide the GMP development 
process. 

1.2 STAKEHOLDER INTEREST AND PLAN FORMAT 
With the completion of Bayside Groundwater Project Bayside Phase 1 in March of 2010 and the 
potential future development of Bayside Phase 2, East Bay Municipal Utility District (EBMUD) 
recognized that local groundwater resources were now a key component of the District’s future 
supplemental supply. Other stakeholder agencies, such as the City of Hayward, have reached similar 
conclusions. A list of stakeholders is provided in the Table below. 

Table 1-1: List of Key Stakeholders 

PARTICIPATING KEY STAKEHOLDERS AGENCY REPRESENTATIVE 
Alameda County Environmental Health Donna Drogos 

Alameda County Public Works James Yoo 
Alameda County Water District (ACWD) Steven Inn 

City of Alameda Laurie Kozisek 
City of Hayward Marilyn Mosher 
City of Oakland Craig Pon 

City of San Leandro Keith Cooke 
Hayward Area Recreation District Edwin Little 

Port of Oakland Liem Nguyen 
San Francisco Bay Regional Water Quality Control Board Barbara Baginska 

San Lorenzo Unified School District Prachi Amin 

All of the above stakeholders have an interest in protecting or managing the SEBP basin (see Figure 
P-2 for a graphical depiction of the Basin boundary). Preparation of a GMP is an effective step to 
assure basin sustainability. For EBMUD, preparation of a GMP is consistent with commitments 
made in the Phase 1 EIR for the Bayside Groundwater Project. A GMP provides a mechanism for 
EBMUD to monitor, manage, and protect water quality and quantity in the SEBP Basin for potable 
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uses. For the Alameda County Public Works Department, the GMP discusses their interest in 
modifying existing well installation and decommissioning standards. The City of Hayward, like 
EBMUD, has an interest in exploring the potential for the Basin to address a portion of their water 
supply. All stakeholders understand that working together through the GMP process safeguards 
their interests and provides a mechanism for a collaborative basin management approach.  

Emergency Water Supply Wells (City of Hayward): 

The City of Hayward (City) provides water services for residential, 
commercial, industrial, governmental, and fire suppression uses. 
Originally, groundwater wells were used as the primary source of water 
supply. During the 1940s and 1950s, the well water was supplemented by 
water purchased from San Francisco’s Hetch Hetchy system, owned and 
operated by the San Francisco Public Utilities Commission (SFPUC). In 
1962, Hayward entered into an agreement with SFPUC to purchase water 
from SFPUC and ceased providing well water in 1963. However, to secure 
a reliable source of potable water for use in the event of an interruption in 
delivery from the regional Hetch Hetchy Water System, the City designed 
and constructed five emergency wells, beginning in the mid-1990s and 

completed in 2001. Although the 
City does not currently operate these groundwater wells to 
meet any portion of its day-to-day normal water demand, 
these emergency wells, which are located within the City 
and use the local groundwater basins, can theoretically 
provide up to a total of 13.6 million gallons per day of 
potable water. These wells are currently certified by the 
California Department of Health Services for short duration 
emergency use only. 

Emergency Well Capacities 
Well Identification Capacity 

Well A 1.7 mgd 
Well B 2.9 mgd 
Well C 4.6 mgd 
Well D 1.4 mgd 
Well E 3.0 mgd 
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1.3 OBJECTIVES OF GMP 
The overarching goal of the South East Bay Plain Basin GMP is to preserve the local groundwater 
basin as a reliable and sustainable water supply for current and future beneficial uses. To accomplish 
this goal, the objectives of the GMP together with accompanying plan elements are listed below.  

The SEBP Basin GMP Objectives are to: 

 Preserve basin storage by maintaining groundwater elevations in the GMP area to ensure
sustainable use of the basin;

 Maintain or improve groundwater quality in the GMP area to ensure sustainable use of the
basin; and

 Manage potential inelastic land surface subsidence from groundwater pumping

The following plan components are structured to achieve these objectives: 

 Stakeholder and Public Involvement
 Monitoring Program
 Data Management and Analysis
 Groundwater Resource Protection
 Groundwater Sustainability

Each component includes specific management actions. Figure 1-1 graphically depicts the means by 
which objectives are folded into plan components that in turn address goals for basin management. 

Preserve groundwater storage 
by maintaining groundwater 

elevations in the GMP area to 
ensure sustainable use of the 

groundwater basin. 

Maintain or improve 
groundwater quality in the 

GMP area to ensure 
sustainable use of the 

groundwater basin. 

Manage potential inelastic 
land surface subsidence from 

groundwater pumping. 

Manage the SEBP basin 
through coordination 

collaboration. 

Stakeholders and 
Public Involvement Monitoring Program Data Management and 

Analysis 
Groundwater Resource 

Protection 
Groundwater 
Sustainability 

GGOOAALL  
Preserve local groundwater resource as a reliable and 

sustainable water supply for current and future beneficial uses 

BBAASSIINN  MMAANNAAGGEEMMEENNTT  OOBBJJEECCTTIIVVEESS  

PPLLAANN  CCOOMMPPOONNEENNTTSS  

MANAGEMENT ACTIONS 

Figure 1-1: Basin Management Objectives 
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The SEBP Basin GMP accomplishes the following objectives: 
 Provides statutory authority for stakeholders to manage the groundwater basin;
 Supports basin sustainability;
 Maintains local control of groundwater;
 Supports the rights and beneficial uses of groundwater for basin users;
 Fosters collaboration and prevents legal disputes among stakeholders; and
 Increases opportunities for future grant funding.

1.4 GMP TIMELINE AND DEVELOPMENT PROCESS 
Preparation of the SEBP Basin GMP has taken approximately two years. The effort began with 
EBMUD’s Board adoption of a resolution of intent on May 9, 2010. Significant milestones in the 
GMP development process since that date are summarized in Table 1-3 below. 

Table 1-3: Significant Milestones/Development Process 

Milestones Date 
Public Notice to adopt the Resolution of Intent 5/7/2011 
EBMUD Board Adoption of the Resolution of Intent 5/24/2011 
Stakeholder Liaison Group Meeting 8/9/2011 
Technical Consultant Contract Award 11/8/2011 
Stakeholder Liaison Group Meeting 3/29/2012 
Stakeholder Well Standard Development Subgroup Meeting 10/16/2012 
Stakeholder Salts and Nutrients Management Subgroup Meeting 10/16/2012 
Stakeholder Land Subsidence Management Subgroup Meeting 10/23/2012 
Completion of Draft Technical Study Report 1/23/2013 
Completion of Draft GMP document 1/31/2013 
Completion of Final Technical Study Report 2/28/2013 
Completion of Final GMP document 3/21/2013 
Planned Public Notice to Adopt the GMP 3/12/2013 
Planned EBMUD Board Adoption of the GMP 3/26/2013 

1.5 ELEMENTS OF THE SEBP BASIN GMP 
Elements of the SEBP Basin GMP include basin delineation and characterization, the establishment 
of basin objectives, a description of monitoring activities, and identification of management 
activities. Stakeholder participation is also detailed.  

1.6 DOCUMENT DEVELOPMENT 
The GMP was prepared by EBMUD staff with significant assistance provided by stakeholder 
organizations. The engineering firm of West Yost, Inc. was contracted to prepare a hydrologic study 
as well as develop a new groundwater model of the basin. EBMUD staff supervised their efforts. 
Table 1-4 denotes participation in document development by stakeholder/consultant support. 

South East Bay Plain Basin Groundwater Management Plan  9 
March 2013 



SSEECCTTIIOONN  11  --  IINNTTRROODDUUCCTTIIOONN

Table 1-4 : GMP Document Development Contributors 

GMP Development Lead Agency EBMUD Board 

Technical Consultant for the SEBP Basin 
Characterization Study West Yost Associates 

Public Outreach EBMUD staff 

Well Standard Development Subgroup 

Lead: James Yoo (ACPWA) 

Members: 
• Marilyn Mosher (COH)
• Prachi Amin (SLUSD)
• Ken Minn (EBMUD)

Salts and Nutrients Management Subgroup 

Lead: Alec Naugle (SFRWQCB) 

Members: 
• Donna Drogos (ACEH)
• James Yoo (ACPWA)
• Laurie Kozisek (COA)
• Marilyn Mosher (COH)
• Prachi Amin (SLUSD)
• Ken Minn (EBMUD)

Land Subsidence Management Subgroup 

Lead: Tom Francis (EBMUD) 

Members:  
• James Yoo (ACPWA)
• Laurie Kozisek (COA)
• Marilyn Mosher (COH)
• Ken Minn (EBM UD)
• Steve Martin (EBMUD)

Technical Data and Research Contributors 
Mike Halliwell (ACWD) 
John Izbicki (USGS) 
Ken Minn (EBMUD) 

Technical Reviewers 
Mike Halliwell (ACWD) 
Marilyn Mosher (COH) 
Ken Minn (EBMUD) 

DWR Liaison Mark Nordberg 
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1.7 AUTHORITY TO PREPARE AND IMPLEMENT A GMP 
The authority to manage the groundwater basin is provided through the Act and Water Code 
Division 6, part 2.75 (§ 10750 et seq.). The state groundwater management law (Water Code 
Division 6, part 2.75, commencing with section 10750) prohibits the District from managing 
groundwater within the service area of another local water district, public utility or mutual water 
company, without the agreement of that other entity. (Section 10750.9 (b)). State law also 
encourages local water agencies to coordinate on groundwater management plans. (See Water Code 
§§ 10755.2-10755.4.)  

This GMP is prepared to cover the southern portion of East Bay Plain basin as per DWR Bulletin 
118. In accordance with Water Code section 10750, EBMUD will be authorized to manage the basin 
within its service area. Similarly, City of Hayward will be authorized to manage the portion the basin 
under its groundwater service area. This GMP does not cover areas currently under the management 
of ACWD.  

This plan and implementation of the plan shall comply with these and other applicable limitations of 
state law. On May 24, 2011, EBMUD Board of Directors formally adopted the Resolution of Intent 
to prepare the GMP for the South East Bay Plain Basin. The Resolution is included in Appendix A. 

1.8 GROUNDWATER MANAGEMENT PLAN COMPONENTS 
The South East Bay Plain Basin GMP includes the required and recommended components and 
applicable voluntary components per CWC § 10750 et seq. as described in DWR’s Bulletin 118, 
California Groundwater – Update 2003 (DWR, 2003).  

Seven mandatory components of CWC § 10750 et seq. CWC § 10750 et seq. requires GWMPs to 
include seven mandatory components and twelve voluntary components to be eligible for award of 
funding 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. The amendments apply to funding authorized or appropriated after September 1, 2003. 

CWC § 10750 et seq., Mandatory Components: 

 Documentation of public involvement statement 1.2, 1.4, 1.6, and 3.3.1
 Establish basin management objectives 1.3
 Monitor and manage groundwater elevations, groundwater quality, inelastic land surface

subsidence, and changes in surface water flows and quality that directly affect groundwater
levels or quality or are caused by pumping 3.3

 Plan to involve other agencies located within groundwater basin 1.7
 Adoption of monitoring protocols by basin stakeholders 3.3.2
 Map of groundwater basin showing area of agency subject to GMP, other local agency

boundaries, and groundwater basin boundary as defined in DWR Bulletin 118 (Figure 2-1)
 For agencies not overlying groundwater basins, prepare GMP using appropriate geologic and

hydrogeologic principles.
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Twelve voluntary components of CWC § 10750 et seq. includes twelve specific technical issues 
that could be addressed in GMPs to manage the basin optimally and protect against adverse 
conditions. In addition, DWR Bulletin 118-223 recommends seven components to include in a 
GMP. The mandatory, voluntary and recommended components are listed below:  

 Control of saline water intrusion. 3.3.5.1
 Identification and management of wellhead protection areas and recharge areas. 3.3.5.1 and

3.3.4.3 
 Regulation of the migration of contaminated groundwater. 3.3.5.1
 Administration of well abandonment and well destruction program. 3.3.5.1
 Mitigation of conditions of overdraft. 3.3.5.1
 Replenishment of groundwater extracted by water producers. 3.3.5.1
 Monitoring of groundwater levels and storage. 3.3.2
 Facilitating conjunctive use operations.
 Identification of well construction policies. 3.3.4.1
 Construction and operation by local agency of groundwater contamination clean up,

recharge, storage, conservation, water recycling, and extraction projects. 3.3.4.4 and 3.3.5.2
 Development of relationships with state and federal regulatory agencies. 3.3.1.3
 Review of land use plans and coordination with land use planning agencies to assess

activities that create reasonable risk of groundwater contamination.

DWR Bulletin 118 Suggested Components: 

 Manage with guidance of advisory committee.
 Describe area to be managed under GWMP
 Create link between BMOs and goals and actions of GWMP 1.3
 Describe GWMP monitoring program 3.3.2
 Describe integrated water management planning efforts 3.3.5.1 and 4.4
 Report on implementation of GWMP 4.1
 Evaluate GWMP periodically 4.2

1.9 SEBP GROUNDWATER MANAGEMENT PLAN STRUCTURE 
This GMP is structured as follows: 

 Section 1.0 - Introduction: Provides the executive summary and introductory information.

 Section 2.0 - Water Resources Setting: Provides an overview of existing physical
conditions that should be understood and considered when developing and implementing
groundwater management activities. This section includes information on topics such as
precipitation, hydrology, geology, groundwater levels, groundwater quality, existing well
infrastructure, and water demand and supply. The understanding of existing physical
conditions helps define groundwater management needs, objectives, and actions.

 Section 3.0 - Plan Implementation: Discusses the major plan components. The five
groundwater management components included in the plan are stakeholders and public
involvement, monitoring program, data management and analysis, groundwater protection
and groundwater sustainability.
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 Section 4.0 - Plan Implementation and Integration:  Successful management of the
basin directly correlates with successful implementation of plan components and associated
actions. As the basin is the local resource for multiple stakeholders with various stakes,
successful implementation is, in turn, contingent upon effective collaboration and available
resources. Also, the basin management is a perpetual task concerning all stakeholders.
Leading a group of stakeholders with common interest, EBMUD will foster collaborative
efforts in seeking state and federal funding as well as developing mutually beneficial projects
in the basin.

 Bayside Groundwater Project (EBMUD): 

The Bayside Groundwater Project is one of several future water supply projects that will help 
protect EBMUD's 1.3 million customers against severe water rationing in the event of a 
prolonged drought. In wet years, water would be stored in a deep aquifer; then extracted, 
treated and distributed to customers during drought. 

The aquifers far beneath San Leandro and San Lorenzo were chosen as project sites after 
much exploration. The Bayside Groundwater Project’s planning began in 2001, the 
Environmental Impact Report was approved by the EBMUD Board of Directors in November 
2005 and the project's construction was completed in 2009. 

After successfully operating the project for some time, 
EBMUD will consider a larger project in the area that would 
have a storage capacity of 2 to 10 mgd, providing even 
greater drought protection. The larger project would first be 
subjected to the same environmental and public review as 
the first project, and EBMUD will review results of the 
groundwater monitoring system and extensometer, which 
measures minute changes in ground surface elevation. 
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2.1 OVERVIEW OF SEBP GROUNDWATER BASIN 
The study area covers a large area of the East Bay Plain underlying a portion of the City of Oakland, 
Alameda, San Lorenzo, and the City of Hayward (see Figure 2-1). The study area is approximately 
four miles wide and twelve miles long. It extends from the San Francisco Bay on the west to the 
edge of the alluvial basin at the base of the Oakland hills on the east, and runs from 35th Avenue in 
Oakland on the north near the City of Hayward’s southern boundary. The area is densely populated 
and highly urbanized and is characterized by industrial, commercial, and residential land uses. 
Although agriculture was important in the past, there is little agricultural land use in the study area at 
the present time. More information on the hydrology and hydrogeology of the study area is provided 
in later sections of this report. 

2.2 HISTORICAL GROUNDWATER USE IN THE EAST BAY AREA 
Groundwater was a major part of water supply to the East Bay area from the 1860s to 1930. During 
that time there was a continuous struggle to locate and develop both ground and surface waters to 
serve the growing population. By the early 1920s, it was recognized that local groundwater and 
surface water supplies had reached their limits, and water would have to be brought in from outside 
the Bay Area. After years of planning and construction, Sierran water entered the area in the spring 
of 1930. However, instead of continuing to be part of the water supply, municipal well fields were 
shut down and forgotten. 

In their 1998 study of groundwater and water supply history of the East Bay Plain, Norfleet 
Consultants estimated that in the range of 15,000 wells were drilled in the Basin between 1860 and 
1950. The majority of these were shallow (less than 100 feet deep), but some were up to 1,000 feet 
deep. Few of these wells were properly destroyed. EBMUD’s historical review indicates that there 
were only three sites in the East Bay Plain that historically supported municipal well fields: the 
Alvarado, San Pablo, and southern Oakland areas. The Alvarado Well Field was located south of the 
SEBP Basin in the Niles Cone. This site had the most prolific wells and supplied about one half of 
the groundwater to the East Bay Area. There were 8 to 10 individual well fields in the southern 
Oakland trend. The first well field in the SEBP area was drilled on Alameda Island (the High Street 
Field) in the 1880s. Within 10 years, the field was shut down because of water quality problems and 
casing failures. Additional well fields were drilled to the west (Fitchburg, 98th Street, etc.), following 
the trend of the aquifer. In 1916, the East Bay Water Company, predecessor of EBMUD, drew 
about 10 million gallons a day from 117 wells including Robert’s Landing well filed located in San 
Lorenzo area. These fields were an integral part of the water supply system until they were shut 
down in 1930. There were three well fields in San Pablo. They were drilled in the late 1900s to 
supply water to the rapidly growing Richmond area. Overpumping and intrusion of brackish water 
caused those fields to be shut down by 1920. 

There is little specific information about historic groundwater quality, but the existing information 
indicates that groundwater had a relatively similar quality throughout the East Bay Plain. Total 
dissolved solids (TDS) varied between 500 and 1,000 ppm. Salt/brackish water intrusion occurred 
along the eastern end of Alameda Island (early 1890s), in the Fitchburg Well Field (late 1920s), and 
in San Pablo (late 1910s). Existing information indicates that the intrusion was restricted to the 
upper aquifer (above the Yerba Buena Mud) and was caused by overpumping. All of these fields 
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were shut down by 1930. Overpumping continued to occur in the Niles Cone for the next 30 years. 
This resulted in intrusion of the deeper aquifers by the 1950s. 

2.3 GROUNDWATER BASIN DELINEATION 
California Water Code Section 10750 et seq., commonly referred to as AB 3030, stipulates certain 
procedures that must be followed in adopting a GMP under this section. Amendments to Section 
10750 et seq. added the requirement that new GMPs being prepared under Section 10750 et seq. 
must include additional components in order to be eligible for state grants administered through 
DWR (SB1938 (Stats 2002, Ch 603)). One of the required components is a map showing the area of 
the groundwater basin, as defined by DWR Bulletin 118, with the area of the local agency subject to 
the plan as well as the boundaries of other local agencies that overlie the basin. 

The SEBP Basin GMP study area is located within the East Bay Plain Subbasin1 (Figure P-2). DWR 
describes the East Bay Plain Subbasin as a northwest trending alluvial plain bounded on the north 
by San Pablo Bay, on the east by the contact with Franciscan Basement rock, and on the south by 
the Niles Cone Groundwater Basin (NCGB). The East Bay Plain Basin extends beneath San 
Francisco Bay to the west (DWR, 2003). The study area (shown in light green in Figure 2-1) is 
bounded on the east, west and south by the groundwater basin boundary as delineated by the DWR 
in Bulletin 118 (2003) and shown in Figure P-1. The SEBP basin deep aquifer thins to the north and 
becomes an insignificant source of groundwater near Berkeley (CH2MHill, 2000). For the purpose 
of this study, the northern boundary of the SEBP Basin GMP area was drawn in Oakland at a 
location where the depth to basement is relatively shallow and the deep aquifer is relatively thin 
(CH2MHill, 2004). The southern boundary extends near the southern boundary of the City of 
Hayward in the transition zone with the Niles Cone Subbasin to the south. 

1 The southern boundary of the basin in DWR Bulletin 118 may be subject to modification in a future edition of the 
Bulletin 118 as per ongoing discussions between DWR and ACWD. 
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2.4 TOPOGRAPHY AND GEOMORPHIC FEATURES 
The GMP study area includes Oakland, Alameda, San Leandro, San Lorenzo and Hayward, covering an 
area of about 115 square miles. The study area consists primarily of flat alleviated lowlands and bay tidal 
marshes. The topography generally slopes downward toward the San Francisco Bay to the west, ranging 
in elevation from about 400 feet above mean sea level (msl) in the east to 0 feet msl to the west where 
the plain meets the San Francisco Bay. This information is relevant to this groundwater study, because 
groundwater direction and gradient typically correlate well with surface topography on a regional level. 
Local variations result from groundwater pumping patterns, and geomorphic and structural features such 
as fault zones. 

2.5 SOILS 
Soils information was compiled and evaluated from field data collected by the U.S. Department of 
Agriculture (USDA), Natural Resources Conservation Service as well as data collected by the U.S. 
Geological Survey (USGS). This information is key to developing an understanding of groundwater 
recharge within the GMP study area. These studies utilized soil information for the East Bay Plain 
obtained by ACWD during the development of the Niles Cone and South East Bay Plain Integrated 
Groundwater and Surface Water Model (NEBIGSM) (WRIME, 2005), which included the entire East 
Bay Plain. The model subregions used for depicting soil information extend beyond the boundaries of 
the GMP study area.  

Soils types for the entire East Bay Plain are shown on Figure 2-2. The Soil Survey Manual (SSM) 
(U.S. Department of Agriculture, 1993), prepared by the USDA Soil Survey Division was used as a 
guideline for soil classification. The soil data for the study area were categorized into four classifications 
established from the Natural Drainage Classes and Hydrologic Soil Groups published in the SSM. The 
categories are briefly described below. 

2.5.1  Type A Soils 
Type A soils, defined as excessively drained to somewhat excessively drained soils, are so termed 
because water moves rapidly through them. Soils are typically coarse-textured and have high 
hydraulic conductivity in the upper half of the horizon. Examples of type A soils include coarse 
sands, tailings, and alluvial deposits, which typically occur along major stream channels. 

2.5.2  Type B Soils 
Type B soils are well drained soils, meaning that water is removed from the soil readily, not rapidly. 
Soils in the upper one meter of this horizon typically have higher conductivity in the lower half and 
moderately high hydraulic conductivity in the upper half of the one-meter interval. A representative 
type B soil is sandy loam. 

2.5.3  Type C Soils 
Type C soils are moderately well drained soils, meaning that water is removed from the soil slowly 
during portions of the year. Soils typically have moderately high hydraulic conductivity in the upper 
half of the horizon and moderately low hydraulic conductivity in the lower half. Examples of type C 
soils include silty sands, silty loam, and clayey sands.
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2.5.4  Type D Soils 
Type D soils are poorly drained to very poorly drained soils, meaning that water is removed very slowly 
and free water typically is present at shallow depths or at the surface. These soils typically have low 
hydraulic conductivity. Examples of type D soils include clays, hardpan, and floodplain deposits. 

2.6 SURFACE WATER FEATURES 
San Leandro and San Lorenzo Creeks are the principal streams in the study area. These streams 
originate in the Diablo Range and flow westward into San Francisco Bay. The upland area drained 
by these streams (43 and 44 square miles, respectively) contains two large reservoirs. With the 
exception of the Castro Valley area, the drainage basins are not extensively developed. These 
streams may have been important sources of pre-development groundwater recharge. Muir (1996) 
estimated that annual recharge from infiltration of stream-flow and direct infiltration of precipitation 
in the San Leandro and San Lorenzo areas was about 3,500 and 800 acre-ft, respectively.  

Channeling of these streams due to urbanization has reduced the amount of surface water available 
for groundwater recharge along the mountain front (Izbicki, 2003). The results of a USGS study 
completed in 2003 show that recharge of San Leandro and San Lorenzo Creeks occurs as infiltration 
of stream flow during winter months. Most recent recharge is restricted to the upper aquifer system 
in areas near the mountain front. Recently recharged water was not present in the lower aquifer 
system, probably because of the presence of clay layers that separate the upper and lower aquifer 
systems. The time to recharge based on Carbon-14 dating of deep groundwater ranged from 500 to 
greater than 20,000 years. Older groundwater ages suggest that the lower aquifer system is isolated 
from surface sources or recharge (Izbicki, 2003). 

2.6.1  San Leandro Creek 
San Leandro Creek stream flow data were not available. Because it is a lined channel having little or 
no interaction with groundwater, no effort was made to estimate the missing data for San Leandro 
Creek during construction and calibration of the NEBIGSM (WRIME, 2005). 

2.6.2  San Lorenzo Creek 
San Lorenzo Creek stream flow data, compiled by WRIME in preparation of the NEBIGSM, 
covers the period 1964 to 2000 and more recent (2008 to 2012) data retrieved from the USGS 
for the Hayward Gage (see Appendix B). The steam flows year round with highest flows in the 
winter months. Flows rarely exceed 2,000 cubic feet per second. 

2.7  PRECIPITATION 
Although the area is heavily urbanized, precipitation does contribute to recharge in the study area. 
Rainfall data were compiled and analyzed from two rainfall gages in the study area during 
development of the NEBIGSM for the period 1922 to 1998. During this period, average rainfall was 
19.36 inches per year at the Oakland Museum Station (northern study area) and 17.87 inches per 
year at the Niles Station (southern study area). Recent precipitation data at the Oakland Museum 
Station is plotted on Figure 2-3 and shows that average annual precipitation for the period 1971 to 
2011 was 22 inches. 
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Figure 2-3 

2.8  LAND USE 
Land use information is another factor considered in developing a recharge area/net percolation 
map for the study area. Figure 2-4 shows the mix of land uses across the SEBP Basin, including the 
study area. Principal land uses within the study area include residential, industrial, parks and open 
space. The land use classification information was developed from the 2006 Planned Land Use GIS 
data file available from the Association of Bay Area Governments (ABAG) GIS Data Catalog. The 
2006 Planned Land Use data file contains geospatial information relating to land uses found in the 
general plans of the cities and counties of the nine-county San Francisco Bay Area. 

South East Bay Plain Basin Groundwater Management Plan  20 
March 2013 



SSEECCTTIIOONN  22..00  ––  WWAATTEERR  RREESSOOUURRCCEESS  SSEETTTTIINNGG

South East Bay Plain Basin Groundwater Management Plan  21 
March 2013 



SSEECCTTIIOONN  22  ––  WWAATTEERR  RREESSOOUURRCCEESS  SSEETTTTIINNGG

2.9  FLOOD PLAIN DELINEATION 
Figure 2-5 shows the Federal Emergency Management Agency (FEMA) flood plain delineation 
mapping for the study area dated April 2012. The flood plain delineation was derived from 100-year 
flood maps available directly from FEMA and digitized into GIS Data. The total area included in 
FEMA’s 100-year flood plains is approximately 8,400 acres, or 21 percent of the 39,900-acre GMP 
area. Because Figure 2-5 is scaled to show the entire GMP area, inset maps were created at ten times 
the size to show better detail. Inset maps are included in Appendix C showing more detail along 
creeks and streams within the study area. 
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2.10 HYDROGEOLOGIC SETTING 
The purpose of this chapter is to provide sufficient detail on the geologic history and setting to 
improve understanding of the geologic framework that defines the groundwater basin, including 
freshwater aquifers. This also includes understanding of the bedrock geometry which defines the 
boundaries of the basin, aspects of the bedrock geology that could influence groundwater quantity 
and quality, and the sequence of sedimentation within the bedrock basin that resulted in the SEBP 
Basin aquifers. The description of the sedimentary sequence is intended to provide a framework for 
interpreting site-specific geologic information obtained from drilling and logging and to plan future 
investigative efforts within the SEBP Basin. 

The sediments comprising the aquifers of the SEBP Basin, as delineated in this report, are primarily 
composed of relatively young alluvial deposits formed in approximately the last few hundred 
thousand years by streams, such as San Leandro, San Lorenzo and Alameda Creeks, emanating from 
the East Bay Hills. Productive groundwater zones, likely former stream channels, are found in 
discontinuous sand and gravel deposits. These sand and gravel zones are enclosed in fine grained 
deposits formed in alluvial systems during flood events that overtopped stream channels. Near San 
Francisco Bay, the alluvial deposits interfinger with estuarine deposits and localized wind-blown 
sand deposits of approximately the same age. The fine grained alluvial and estuarine deposits have 
low permeability and create confined (pressurized) conditions for most of the SEBP Basin 
groundwater production zones. 

The characteristics of the SEBP Basin aquifers are significantly affected by fault motion. Earth 
movements not only created the groundwater basin and the depositional environments resulting in the 
aquifer sediments, but also displaced the aquifer sediments once deposited. Even the youngest deposits 
forming the SEBP Basin aquifer system are affected, because fault motion is ongoing. However, the 
somewhat older alluvial deposits, possibly including the productive zones in the SEBP Basin Deep 
Aquifer, have undergone greater northwesterly translation from their original sites of deposition. Also, 
Alameda Creek is the only antecedent stream in the region, suggesting that it predates the geologically 
recent deformation and uplift of the East Bay Hills. The geomorphic characteristics of San Leandro and 
San Lorenzo Creeks suggest that they are young relative to geologically recent deformation and uplift, 
introducing the possibility that some deeper alluvial deposits may have been formed by Alameda Creek 
or other local streams that no longer exist. 

The alluvial sediments comprising the main freshwater-bearing zones and underlying the 
SEBP Basin, probably rest upon and are juxtaposed across faults with older fluvial deposits 
formed in the early stages of the San Francisco Bay lowland’s development. Although the 
permeability of the coarse-grained fluvial sediments is probably less than the permeability of the 
coarse-grained alluvial sediments due to greater compaction and cementation, the fluvial 
sediments are significant to the freshwater aquifer system because they are relatively widespread 
in the southern San Francisco Bay region.  

The alluvial, fluvial and estuarine sediments comprising the freshwater aquifer system in the vicinity 
of the SEBP Basin are underlain by bedrock consisting of very old Franciscan Complex rocks and 
deformed marine sedimentary rocks, predating the most geologically recent Coast Range uplift. 
These older rocks are significant because their structural configuration defines the geometry of the 
groundwater basin and aspects of their mineralogy may influence groundwater quality in the SEBP 
Basin. 
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The following sections of this chapter provide summaries of the geologic history and structural 
features that make up the geologic framework of the SEBP Basin. 

2.10.1 Geologic History 
A conceptual geologic column shown in Figure 2-6, illustrates the geologic history of the SEBP 
Basin within the oldest geologic formation at the base and youngest formation at the top. The 
geologic column is a graphical representation of the geometrical and temporal relationships between 
the geologic units that define the SEBP Basin’s geometry and hydraulic properties and influence its 
water quality. Figure 2-7 is a surficial geologic map of the area.  

The thickness and extent of the SEBP Basin freshwater aquifer system is delimited by the extent and 
depth to the top of basement rocks comprised of the Franciscan Complex and the overlying marine 
sedimentary rocks shown near the bottom of Figure 2-6. 

Fluvial sediments located at, or near the base of, the freshwater aquifer system may extend the depth 
and extent of the system beyond the limits indicated by mapped alluvial deposits in the SEBP Basin. 

The primary aquifers of the SEBP Basin are comprised of the Late Pleistocene through Holocene 
alluvial and estuarine deposits (shown on the upper part of the geologic column).  

2.10.2 Mesozoic Through Early Cenozoic Basement Rocks Formed During Subduction 
of the Farallon Plate 

The oldest rocks in the vicinity of the SEBP Basin are late Jurassic through early Tertiary age rocks 
of the Franciscan Complex and Great Valley Sequence. These rocks provide a record of 
approximately 140 million years of compressive tectonics, oceanic plate subduction and continental 
accretion, which ended approximately 28 million years ago when the Farallon Plate was subducted 
beneath the North American Plate, and right-lateral strike-slip motion was initiated along the San 
Andreas Fault system (Wakabayashi, 1992). 

Rocks of the Franciscan Complex are dominated by detrital sediments (greywacke and shale), with 
lesser amounts of pillow basalts, chert and minor limestone. As originally formed, these rock units 
present a record of the formation of new oceanic crust (pillow basalts) at oceanic ridges. Chert 
deposits formed in deep water over the pillow basalts as the oceanic crust moved away from 
spreading centers and toward the subduction zone on the western margin of North America. 
Limestone formed in shallow water over oceanic crust at equatorial latitudes. Greywacke and shale 
were formed by deposition of continentally-derived sediments by turbidity currents at the 
subduction zone. The entire assemblage was extensively disrupted by folding and faulting in the 
oceanic trench near the western margin of North America during subduction of the oceanic Farallon 
Plate. Tectonic disruptions in the subduction zone resulted in metamorphosis of some Franciscan 
rocks, which are often identified based on metamorphic petrology resulting from high pressure-low 
temperature conditions brought about by rapid burial and exhumation in the subduction zone. 
Serpentinite is a characteristic metamorphic rock type of the Franciscan Complex resulting from the 
metamorphosis of mantle rocks underlying oceanic crust. Intense shearing resulted in mélange, 
another characteristic part of the Franciscan Complex. Mélange consists of crushed soft rocks, such 
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as shale or serpentinite, containing floating blocks of other more resistant rock types ranging in size 
from a few square feet to a few square miles (Sloan, 2006). Up to nine different Franciscan Complex 
terrains have been identified in the San Francisco Bay area (Wahrhaftig and Sloan, 1989; 
Wakabayashi, 1992). 

The Great Valley Sequence formed contemporaneously with the Franciscan Complex in a 
marine sedimentary basin, known as a forearc basin, located between the Franciscan Complex 
subduction zone and the Sierran volcanic arc forming the western edge of the continent. The 
Sierra volcanic arc was the result of melting of the subducted oceanic plate. Buoyant forces 
drove the melts upwards into the continental crust and to the land surface creating the 
predominant rock types of the Sierra Nevada. The Great Valley Sequence consists mostly of 
shale, sandstone and conglomerate. 

The Coast Range ophiolite is located at the base of the Great Valley Sequence. The ophiolite is a 
sequence of dense, igneous rocks of the upper mantle and overlying oceanic crust, which was 
accreted to the North American continent at the subduction zone. The Mesozoic Coast Range fault 
system separates the Coast Range ophiolite and overlying Coast Range Sequence on the east from 
the Franciscan Complex on the west. The Coast Range fault may have been the original demarcation 
between the Mesozoic rocks undergoing subduction (Franciscan Complex) and those accumulating 
on the North American continent (Great Valley Sequence).  

Figure 2-7 shows the extent of the Franciscan Complex and Great Valley Sequence outcrops 
mapped in the vicinity of the SEBP Basin. The Hayward fault separates the two units, with 
virtually all mapped occurrences of the Franciscan Complex occurring west of the Hayward 
fault. These outcrops consist of marine sedimentary rocks of the central terrain east of Oakland, 
and mélange and chert of the Marin Headlands terrain at Coyote Hills (Wahrhaftig and Sloan, 
1989). Likewise, all mapped occurrences of the Great Valley Sequence are east of the Hayward 
fault. In the areas nearest the SEBP Basin, the Panoche Formation, a sequence of marine 
sandstones and shales, is the predominant rock type representing the Great Valley Sequence. 
The watersheds of San Leandro Creek and San Lorenzo Creek, the two main streams entering 
the SEBP Basin, are underlain by the Panoche Formation. Runoff characteristics of the streams 
may be influenced to some degree by the geochemical and hydraulic characteristics of the 
Panoche Formation.  

The Hayward fault is closely associated with the Coast Range ophiolite near the SEBP Basin, 
which in this area includes the San Leandro Gabbro and other serpentinized rocks (Figure  
2-7). Geophysical data show that the Hayward fault in the vicinity of the SEBP Basin is located 
on the west edge of a 75 to 80 degree easterly dipping mass of San Leandro Gabbro extending 
to a depth of approximately four to five miles. This indicates that the location of the Hayward 
fault in this area is controlled by the Mesozoic Coast Range fault because the Coast Range 
fault separates the Franciscan Complex from the Coast Range ophiolite and the overlying 
Great Valley Sequence (Ponce, et. al., 2003). This association may be significant to the SEBP 
Basin groundwater basin, because the mineral chromite is concentrated in ophiolite sequences, 
including serpentinized derivatives. Sediments eroded from these rocks, including chromite 
and other chromium compounds, could be present in the SEBP Basin aquifer sediments, 
because streams such as San Leandro and San Lorenzo Creeks cross the ophiolite belt. These 
streams contribute alluvial deposits that comprise the SEBP Basin groundwater basin. 
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2.10.3 Mid-Cenozoic Rocks Formed Prior to the Existence of the San Francisco Bay 
Lowlands 

Transverse movement on the San Andreas fault system began in Southern California approximately 
28 million years ago (Wakabayashi, 1992). Transverse movement progressed northwestward over 
time, and the Hayward fault began to develop approximately 5 to 12 million years ago. Prior to 
development of the Hayward fault and extending to about 11 to 12 million years ago, marine 
conditions prevailed in the vicinity of the SEBP, resulting in the marine sedimentary rocks deposited 
on Mesozoic basement rocks. These mid-Cenozoic rocks are mapped in the East Bay hills  
(Figure 2-7). The oldest rocks of this period, typified by the Claremont Formation, were formed in 
deep water environments while younger rocks, typified by the Briones Formation, were formed in 
shallow marine environments, demonstrating a general progression from deep to shallow marine 
conditions. No rocks of this age are mapped near the SEBP Basin, but they are present in the 
subsurface beneath South San Francisco Bay adjacent to the SEBP Basin (Marlow et al, 1999). 

Approximately 10 million years ago, continued uplift resulted in deposition of non-marine 
sedimentary rocks. Rocks of this age in the vicinity of the SEBP Basin are represented by the 
Orinda Formation, which outcrops to the northeast near the Caldecott Tunnel. Sediments in the 
Orinda Formation indicate deposition on an alluvial plain sloping to the east away from the present 
day San Francisco Bay Peninsula. 

2.10.4 Plio-Pleistocene Fluvial Deposits Formed After Creation of the San Francisco 
Bay Lowlands 

Formation of the San Francisco Bay lowlands began approximately four million years ago with 
uplift of the Coast Range. Fluvial deposits accumulated in localized depositional basins during 
this time are represented by the Livermore Gravels, the Santa Clara Formation, and in the 
vicinity of the SEBP Basin, the Irvington gravels (Figures 2-6 and 2-7). The Irvington gravels 
outcrop intermittently in a narrow band near the Hayward fault extending from the Irvington 
District of Fremont south towards Coyote Valley. These formations consist predominately of 
poorly consolidated conglomerate, sandstone, siltstone and clay. They range from 
approximately 0.5 to 4 million years in age (Page, 1992). They are folded and faulted, 
consistent with their genetic association with uplift of the Coast Ranges during the same 
period. 

2.10.5 Late Pleistocene Through Holocene Alluvial, Estuarine and Eolian Deposits 
Approximately 0.6 million years ago, the Sacramento-San Joaquin River flowed through the 
San Francisco Bay lowlands to the Pacific Ocean, and the first known estuarine deposits were 
formed (Trask and Rolston, 1951; Hall, 1966; Sarna-Wojcicki, 1976; Atwater, 1977; Sarna-Wojcicki 
et al., 1985; Lanphere, et al., 1999)2. 

2 Data supporting these statements were first reported in an engineering geology study conducted to assess alternative crossings near the San 
Francisco Bay - Oakland Bay Bridge (Trask and Rolston, 1951). Trask and Rolston, page 1083 (1951) reported encountering a volcanic ash 
deposit at a depth of 280 feet in the deepest of the five members of the Alameda formation defined in their report. The boring was located on the 
west side of the Bay Bridge near San Francisco (Figure 4-3). Hall (1966) concluded, based on mineralogical analysis, that Great Valley drainage 
had been established by the time a similar tuff had been deposited in marine sandstone of the Merced Formation outcropping slightly south of San 
Francisco (Figure 4-2). Sarna-Wojcicki (1976) correlated the ash documented in Trask and Rolston (1951), and equivalent ashes in the Merced 
and Santa Clara Formations, with the Rockland Ash of the southern Cascade Range and documented an age of approximately one million years, 
based on the available radiometric age dating of the time. Atwater (1977) apparently interpreted the deepest member of Trask and Rolston’s 
(1951) Alameda Formation, a stiff greenish gray clay, as an estuarine deposit, and concluded that it was the oldest identified estuarine deposit. 
Sarna-Wojcicki et al. (1985) documented a revised age of approximately 0.4 million years for the Rockland Ash based on fission track methods. 
Lanphere, et al. (1999) revised the age upwards to approximately 0.6 million years using radiometric methods.
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Sediments deposited during this period consist of estuarine deposits within the footprint of the current 
San Francisco Bay, alluvial deposits on the flanks of the East Bay Hills extending into the area currently 
occupied by San Francisco Bay, and eolian (wind-born) sands (Figure 2-6).  

The detailed stratigraphy of the deposits underlying the San Francisco Bay was developed by Trask and 
Rolston (1951). Figure 2-8 shows the five stratigraphic units identified by Trask and Rolston (1951) based 
on drilling near the Bay Bridge. These stratigraphic units from shallowest to deepest are: 

 Bay Mud
 Merritt Sand
 Posey Formation
 San Antonio Formation
 Alameda Formation

As described in footnote 1, the lower part of the Alameda Formation contains the oldest known 
estuarine deposits identified in the bay. The Alameda Formation rests directly on Franciscan 
bedrock on the west edge of the bay, but the full thickness of the Alameda Formation was not 
penetrated by borings elsewhere (Figure 2-7). Researchers concluded that the Alameda Formation 
may overlay the Santa Clara Formation or the marine Merced Formation in other areas (see footnote 
1). This conclusion is reasonable based on the geologic setting described above, noting especially 
that the ages of the Santa Clara Formation and other similar fluvial deposits, including the Irvington 
Gravels, predate and overlap the age of the lowest Alameda Formation estuarine deposits (Figure  
2-6).  
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The stratigraphic relationship between the age equivalents of the lower Alameda Formation and 
adjacent strata is unclear farther south, including adjacent to the SEBP Basin. It is possible that 
estuarine deposits of lower Alameda Formation age extend as far south as the SEBP Basin, or 
interfinger with fluvial sediments, because the Santa Clara Formation contains a volcanic ash of the 
same age as the volcanic ash found in the lower Alameda Formation (Atwater, 1977). Mid-Cenozoic 
marine rocks formed prior to the existence of the San Francisco Bay lowlands underlie lower 
Alameda age sediments west of San Leandro (Marlow, 1999). 

Atwater (1977) reinterpreted the stratigraphic sequence used by Trask and Rolston (1951) based on 
microfossil and other evidence collected in the south bay. Atwater (1977) concluded, based on the 
lack of marine microfossils and estuarine mollusks and other evidence, that the Posey Formation in 
the south bay is alluvial rather than estuarine. Atwater (1977) also identified the San Antonio 
Formation as the youngest Pleistocene age estuarine deposit in the south bay, with an age of 60,000 
to 100,000 years. The late-Pleistocene estuarine sequence has approximately the same lateral extent 
as the recent estuarine deposits (Atwater 1977). 

Based on this information, the depositional sequence in the south bay is from youngest to oldest 
(Figure 2-6): 

 Estuarine deposits (Bay Mud, Holocene)
 Isolated eolian sand deposits (late-Pleistocene-Holocene)
 Alluvium (late-Pleistocene, <60,000 years)
 Estuarine deposits equivalent to the San Antonio Formation (late Pleistocene, approximately

60,000-100,000 years)
 Alluvium (late-Pleistocene, >100,000 years)
 Fluvial and estuarine deposits with undefined stratigraphic relationships. Plio-Pleistocene, 4

million to 500,000 years; oldest identified estuarine deposit (600,000 years) identified near
Bay Bridge

In summary, the significance of this stratigraphic sequence is that thick alluvial and fluvial sequences 
capped by two major estuarine sequences underlie the bay to the west of the SEBP Basin. If 
sufficiently permeable, these alluvial and fluvial sequences should have hydraulic continuity with the 
alluvial and fluvial sediments underlying the SEBP Basin and form a continuous confined aquifer 
system extending to the west beneath the bay. 

Holocene to late-Pleistocene alluvial deposits formed by streams emanating from the East Bay hills 
are the youngest deposits in the SEBP Basin (Figure 2-6 and 2-7). The SEBP Basin is underlain by 
the coalesced alluvial fans of San Leandro Creek, San Lorenzo Creek and Alameda Creek. Although 
Alameda Creek is located south of the SEBP Basin, it has significance to the SEBP Basin geology, 
because of its size and age. San Leandro Creek and San Lorenzo Creek have small drainages in 
comparison to Alameda Creek, and, of the three streams, only Alameda Creek is an antecedent 
stream, predating the most recent Coast Range uplift. Assuming a long-term slip rate of 
approximately one centimeter per year on the Hayward Fault over 500,000 years, sediments 
deposited by Alameda Creek west of the Hayward fault could have been displaced approximately 
three miles to the northwest. Coincidently, this is approximately the distance to the dissected older 
alluvial deposits mapped on the west side of the Hayward fault in the SEBP Basin (Figure 2-7). 
Extensive older alluvial deposit are also mapped in the SEBP Basin farther north in the Oakland 
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area. Older alluvial deposits may have been formed by ancestral streams not associated with existing 
drainages, because the most recent episode of Coast Range uplift has been underway for 
approximately the past four million years. This uplift has significantly modified the topography of 
the area. 

Regardless of the origin of the oldest late-Pleistocene alluvial deposits in the SEBP Basin, they 
are likely to be widespread in the subsurface based on the depositional environment. However, 
estimation of the spatial distribution of coarse versus fine textures in these deposits based on 
geologic principles is hindered by the unknown nature of ancestral streams forming the deposits 
and the unknown displacement history of the Hayward fault and possibly other faults hidden in 
the subsurface. 

2.11 GEOLOGIC STRUCTURE 
The San Francisco Bay lowlands occupy a down-dropped fault block between the Santa Cruz 
Mountains and the East Bay hills of the Diablo Range. The block is bounded by major, active 
strands of the San Andreas fault on the west and the Hayward fault on the east (Figure 2-7). The 
block is disrupted by other active and inactive faults as evidenced by the seismicity away from the 
active strands of the San Andreas and Hayward faults, and the bedrock relief, which locally brings 
Franciscan Complex rocks above the elevation of basin filling sediments. 

A map of isostatic residual gravity contours of the SEBP Basin and vicinity is represented in Figure 
2-9. Gravity data was evaluated to understand the shape of the bedrock surface underlying the more 
recent sedimentary deposits, including the freshwater aquifer. Isostatic residual gravity 
measurements have been corrected to compensate for lateral variation in the density or thickness of 
large crustal blocks. The SEBP Basin is situated on the eastern edge of one of two major areas of 
anomalously low gravity measurements (Roberts and Jachens, 1993). The other anomaly is located in 
eastern San Pablo Bay and is caused by a young pull-apart basin where the Hayward fault steps over 
to the east to the Rodgers Creek fault (Ponce et. al, 2003). The geologic structure causing the gravity 
anomaly at the SEBP Basin is an older structure known as the San Leandro synform (Marlow, et. al., 
1995). This downward fold predates the most recent Coast Range uplift beginning about four 
million years ago and affects the Franciscan Complex and the overlying mid-Cenozoic marine rocks 
(Marlow, et. al., 1999).  

A seismic cross section through the San Leandro synform from Marlow, et. al. (1999), is shown in 
Figure 2-10. The figure shows a basement of Franciscan Complex bounded by an upper erosional 
surface, which is overlain by dipping layers of mid-Cenozoic marine sediments on the eastern side of 
the section. The synform was probably formed when the originally flat-lying marine sediments were 
folded by the same forces that reinitiated Coast Range uplift beginning approximately four million 
years ago (Figure 2-6). The upper surface of the marine sediments is truncated by an erosional 
surface that extends across the Franciscan Complex on the western side of the section. The deposits 
above this surface are relatively undisturbed and consist of late Pliocene through recent fluvial, 
alluvial, estuarine and eolian deposits. Based on drill hole data presented in Figuers (1998), these 
sediments extend to depths below sea level of at least 665 feet. The two-way travel time to the base 
of the sediments is approximately 0.3 seconds. Assuming a seismic velocity of 5,000 feet per second, 
the depth to the base of the flat-lying sediments is approximately 750 feet. 
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The gravity anomaly associated with the San Leandro synform extends to the north beneath the 
SEBP Basin in the San Leandro/Oakland area, suggesting a lower density in, or greater depth to, the 
Franciscan Complex basement in this area.  

A map of the earth’s magnetic-field intensity contours based on aerial surveys (USGS, 1996) is 
represented in Figure 2-12. The map helps to delineate basement features with contrasting magnetic 
susceptibility, which may not be reflected in density contrasts. The map clearly shows the location of 
the Hayward fault and another northwest trending feature extending across the bay in the same area 
as the San Leandro synform. Based on additional processing and analysis of the magnetic data, 
Ponce et. al. (2003) concluded that the northwesterly trending feature is a serpentinite with a high 
magnetic susceptibility.  

The work of Ponce, et. al. (2003) also shows small magnetic anomalies in the northern SEBP Basin, 
but the significance of these anomalies has not been assessed. 

Figure 2-12 shows the location of a seismic reflection transect across the SEBP prepared by the USGS 
(Catchings, et. al., 2006). Seismic reflection methods detect sonic velocity differences in the subsurface, 
which are indicative of contrasting rock types. Seismic reflection data can also be used to differentiate 
aquifer and aquitard material in some depositional environments. Figure 2-13 is a southwest-northeast 
cross section based on the seismic reflection results, borehole data, and gravity measurements. Based on 
the results, depth to the Franciscan Complex ranges from approximately 1,000 feet near the northeastern 
end of the transect to approximately 3,000 feet on the southwestern end, where the transect crosses into 
the San Leandro synform (Figures 2-9 and 2-10). The USGS identified three aquifer zones along the 
transect based on the seismic reflection data and available borehole data. The approximate depths of the 
bottoms of these zones are as follows: 

 Shallow Zone: 70 to 230 feet
 Intermediate Zone: 330 to 460 feet
 Deep Zone: 530 to 660 feet

The depth of each zone increases from northeast to southwest. 

The USGS identified five zones in which the reflection data indicated faulting extending through the 
near surface sediments (Figure 2-13). The most significant of these zones is located approximately 
7,000 feet east of the bay shore in the vicinity of Arroyo High School. These faults may be related to 
the Silver Creek fault, which is mapped at the surface in the Morgan Hill area and inferred to exist in 
the subsurface as far north as Fremont (Wagner, et. al., 1990). Groundwater flow may be impeded 
across the fault zones. Also, aquifer thickness and permeability (hydraulic conductivity) may be 
different on either side of a fault zone, because faulting could juxtapose geologic materials formed in 
different depositional settings. 
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2.12 HYDROGEOLOGIC UNITS 
This section describes the hydrogeologic units that comprise the freshwater aquifer system within 
the SEBP Basin. The discussion provides: 

 Rationale for defining the SEBP Basin hydrogeologic units and their relationship to
hydrogeologic units in the NCGB

 Summary of the hydraulic properties of the Deep Aquifer Zone, as estimated during
previous aquifer testing

 Documentation of groundwater levels, quality and groundwater recharge and discharge areas

Numerous groundwater studies have described the hydrogeology of the SEBP Basin. The objective 
of this study is to build on previous work and to integrate additional information to better 
characterize the Deep Aquifer Zone. Information in this section describes the methodology used to 
incorporate new subsurface information into existing geologic cross sections developed through a 
joint effort by Alameda County Water District, the City of Hayward, and EBMUD (LSCE, 2003). 
This updated subsurface information was used along with long-term aquifer tests performed on 
wells screened in the Deep Aquifer Zone (LSCE, 2003 and Fugro, 2011) to develop updated 
conceptual and numerical groundwater models.  

As introduced in the previous chapter, Holocene to late-Pleistocene alluvial sediments comprise the 
important groundwater producing zones in the aquifer system of the SEBP Basin. Fine grained sections 
of the alluvial sequences create confining conditions between the more permeable groundwater 
producing zones. Near the bay, fine grained estuarine deposits also create confined conditions. It is likely 
that groundwater producing zones have continuity with similar alluvial and fluvial zones beneath the bay, 
which are likewise confined by fine-grained estuarine sequences. Franciscan Complex rocks form the 
base of the aquifer system and limit its easterly extent. As shown in the figure below, in many areas the 
permeable zones are most likely to be discontinuous, and it is difficult to correlate sand and gravel 
layers over great distances between wells.  
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The available geophysical logs, borehole data, and cross sections show that the depth intervals 
typically containing relatively high percentages of permeable sediments can be grouped into three 
hydrogeologic units as follows: 

 Shallow Aquifer Zone: approximately 30 to 200 feet
 Intermediate Aquifer Zone: approximately 200 to 500 feet
 Deep Aquifer Zone: approximately 400 to 660+ feet

The Shallow Aquifer Zone is present throughout the study area, with permeable zones typically 
occurring at depths between 30 and 130 feet below land surface (CH2MHill Inc., 2000). The SEBP 
Basin Shallow Aquifer Zone exists in approximately the same range of depths as the NCGB’s Newark 
and Centerville Aquifers. Groundwater in the Shallow Aquifer Zone is generally confined except near 
recharge areas along the mountain front. The Intermediate Aquifer Zone generally has discontinuous 
sand and gravel deposits that are difficult to correlate between wells. It occurs in approximately the same 
depth range as the NCGB’s Fremont Aquifer. The Deep Aquifer Zone contains a significant permeable 
zone that appears to be continuous throughout the SEBP Basin, but at a greater depth than the NCGB 
Deep Aquifer. This permeable zone appears to be thickest and most continuous south of San Leandro 
(Maslonkowski, 1988) and thins, eventually disappearing, to the north (CH2MHill, Inc., 2000). In this 
area, aquifers are underlain by partly consolidated deposits (Marlow et. al., 1999) having low porosity and 
low permeability (Izbicki, 2003). 

Distribution and Occurrence of Permeable Material Comprising the SEBP Aquifers 
(Modified from CH2MHill, 2000) 
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2.12.1 Development of Updated Hydrogeologic Cross Sections 
The cross section analysis and update involved integrating and comparing information obtained 
from numerous sources using ArcHydro Groundwater3 and other related GIS tools. The 
information evaluated included published geologic and geophysical cross sections, model surfaces, 
and hydrogeological and geophysical data. Published cross sections from four sources were reviewed 
and analyzed. 

Figure 2-14 shows the locations and sources of the cross sections evaluated for this study. The first two 
groups of cross sections were developed by consulting firms Luhdorff & Scalmanini Consulting 
Engineers (LSCE, 2003) and CH2MHill (CH2MHill. 2000). The third and fourth sets of cross sections 
reviewed include those prepared by the USGS (Izbicki,2003; Catchings, 2006). 

Figure 2-15 shows the locations of the three updated cross sections developed using Arc Hydro 
Groundwater and other related GIS tools. To fully utilize this existing work, all available cross sections 
were spatially referenced and new subsurface information was added using GIS tools. This allowed 
enhanced visual analysis of multiple sets of information in one common environment. The LSCE Cross 
Sections 1-2, 2-3, 3-4, and 4-9 coincide with the primary north-south cross section updated for this study 
and designated as Transect A-A’ (Figure 2-15). Two east-west sections were developed. The location for 
B-B’ coincides with the A-A’ cross section transect provided in Izbicki, 2003. The location for C-C’ is 
midway between Izbicki’s B-B’ transect (Izbicki, 2003) and the USGS cross section transects in their 
seismic refraction report (Catchings, 2006).  

3Arc Hydro Groundwater is a geodatabase design for representing groundwater datasets within ArcGIS. The data models helps archive, display, 
and analyze multidimensional groundwater data, and includes several components to represent different types of datasets including 
representations of aquifers and wells/boreholes, 3D hydrogeologic models, temporal information, and data from simulation models 
(http://www.archydrogw.com/ahgw/Main_Page). 
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Subsurface Analyst was the primary tool used for cross section analysis. Each transect was 
georeferenced and digitized so the information was projected in real-world coordinates, within the 
Arc Hydro Groundwater geodatabase. The benefit of projecting the published literature in real-
world coordinates is that it provided a mechanism to overlay external data, enhancing the ability to 
review existing model input parameters with the most updated hydrogeological information. A 
complete set of updated cross sections and detailed description of the Arc Hydro approach utilized 
for the updates is provided in Appendix D. 

For this study, the SEBP Basin Deep Aquifer and the NCGB Deep Aquifer are depicted as separate 
hydrogeologic units. The distinction between the two hydrogeologic units is based largely on work 
conducted by LSCE (2003). LSCE (2003) documented ten permeable stratigraphic units within the 
SEBP Basin Deep Aquifer and transition zone based on geophysical and lithologic logs. These were 
labeled in increasing numerical sequence from deepest to shallowest. With notable exception, units 1 
through 6.5 are all located in the SEBP Basin, based on hydraulic responses measured during aquifer 
testing (LSCE, 2003). Units 7 and 8 are located in the transition zone [LSCE (2003), Figures 2 
through 5]. The exception to the previous statement is identified on LSCE (2003) Figure 4, which 
shows City of Hayward Well B penetrating, from shallowest to deepest, stratigraphic units 8, 7 and 
4.5. Units 7 and 8 extend southward to at least City of Hayward Well C, but pinch out to the north 
in the SEBP Basin. On initial inspection, unit 4.5 appears to be a continuation of stratigraphic unit 4 
of the SEBP Basin; however, LSCE (2003) appears to conceptualize units 4 and 4.5 as separate, with 
unit 4 falling in the SEBP Basin and unit 4.5 falling in the transition zone. This conceptualization is 
supported by the hydraulic responses to pumping in City of Hayward Wells C and E (LSCE, 2003). 
Pumping in City of Hayward Well C, which produces water from units 7 and 8 of the Niles Cone 
Basin, caused a response in City of Hayward Well B that matched the response for a single idealized 
confined aquifer as represented by the Theis (1935) equation, whereas wells, such as the Mount 
Eden well, in the SEBP Basin, exhibited hydraulic responses that did not match the idealized 
response. 

Conversely, pumping in City of Hayward Well E, which produces water from units 4 and 6 of the 
SEBP Basin, caused a response in City of Hayward Well B that proved a hydraulic connection but 
did not match the response for a single idealized confined aquifer. Other Deep Aquifer wells clearly 
in the SEBP Basin, such as the Mount Eden well, exhibited hydraulic responses that matched the 
response for a single idealized confined aquifer. 

2.12.2  Deep Aquifer Hydraulic Properties 
Hydraulic properties have been estimated from a variety of aquifer tests conducted in the Deep Aquifer 
Zone as documented in LSCE (2003) and Fugro (2011). Based on review of these results, transmissivity 
of the Deep Aquifer Zone of the SEBP Basin ranges from approximately 33,000 gallons per day per 
foot (gpd/ft) to 141,000 gpd/ft and storativity ranges from 0.00005 to 0.005. Figure 2-16 shows the 
locations of the pumping and observations wells included in aquifer tests conducted by LSCE (2003) 
and Fugro (2011). 
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Generally, the highest transmissivity values were measured in the vicinity of the EBMUD Bayside 
Project Phase 1 well. In this area, transmissivity ranged from approximately 96,000 gpd/ft to 
141,000 gpd/ft. Wells farther to the east tended to have lower transmissivity. For example, 
transmissivity measured during testing of the Farmhouse well ranged from 33,000 gpd/ft to 52,000 
gpd/ft, and testing of City of Hayward Well D resulted in an estimated transmissivity of 30,000 
gpd/ft. The lower values cited in these examples may be further evidence for a north-trending fault 
extending between the EBMUD Oro Loma ASR demonstration well and the Farmhouse well. 
Offset along the fault may have caused differences in the depositional setting between the east and 
west sides of the fault, resulting in lower permeability or reduced aquifer thickness to the east. 
Changes in permeability (hydraulic conductivity) and thickness were evaluated during model 
development. 

The LSCE (2003) and Fugro (2011) transmissivity estimates for City of Hayward Well E differ 
significantly. The LSCE (2003) estimate of 12,000 gpd/ft was based on limited spatial information 
gained over a shorter duration of testing than the Fugro (2011) test, and, therefore, is considered to 
be subject to greater uncertainty. The LSCE (2003) estimate is based on pump testing and water 
level measurements in Well E. The test was conducted for a period of 14 days. Because the estimate 
was not based on any other observation wells, any uncertainties related to the site-specific conditions 
at Well E affected the estimate. These uncertainties include geologic variability, and the adequacy of 
the well design, construction and development for the site-specific conditions. The Fugro (2011) 
estimate was based on pumping in the Bayside well while using Well E as an observation well. The 
aquifer test was conducted for a much longer period of time (approximately 56 days), and included 
multiple observation wells. The Fugro (2011) transmissivity estimates for Well E ranged from 93,000 
gpd/ft to 98,000 gpd/ft. These estimates were consistent with the estimates based on other 
observation wells in the area. Therefore, the Fugro (2011) transmissivity estimates appear to be 
characteristic of the SEBP Basin Deep Aquifer near City of Hayward Well E, and these values were 
used to develop the initial hydraulic property estimates in the updated numerical model. 

2.13 GROUNDWATER ELEVATIONS AND FLOW 
Figure 2-17 shows the groundwater elevation contours for the Shallow/Newark aquifer (EBMUD, 
2006) and changes in groundwater levels over time for key wells throughout the study area (DWR 
Water Data Library). Groundwater generally flows from east to west across the study area from a 
high of 30 to 40 ft. msl to at or slightly below sea level in the western portion of the study area. 
Fewer data points are available to generate groundwater contour maps for wells screened entirely in 
the deep aquifer, but a review of available data suggests a pattern in the orientation of the 
potentiometric surface, again indicating that groundwater flows from east to west. However, 
groundwater elevation in the deep aquifer ranges from a high of 10 to 20 feet above msl in the east 
to a low of -20 feet above msl on the west (CH2MHill, 2000). Because the deeper aquifer zone has 
lower head than the shallow aquifer(s), the potential exists for downward movement of water 
through non-pumped wells, if hydraulic cross connectivity exists. The upper and lower systems may 
also be connected through corroded and failed casings of abandoned wells (Izbicki, 2003). 

Changes in groundwater elevation data for key wells in the study are available online at DWR’s water 
data library, http://www.water.ca.gov/waterdatalibrary/.  

Changes in groundwater levels over time are shown for eight wells throughout the study area. Many 
of these hydrographs show a recovery in groundwater levels from a low of -120 to -60 ft. sml in the 
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1960s to very near sea level in the 1990s.Wells in the east central portion of the study area 
(0302W008, 0302W29F, 0302W36L) have had more stable groundwater levels ranging generally 
between 5 to 40 ft. msl over the period of record. DWR discontinued monitoring water levels in 
these wells 10 to 15 years ago, and more recent data were not available for this study. Also, DWR 
does not specify well depths for these key wells, so much of the variability seen between 
hydrographs may be the result of wells screened in different aquifer zones. 
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2.14 GROUNDWATER QUALITY 
2.14.1 General Chemistry 
Four key sources of information were utilized in the documentation of general groundwater quality 
provided in this section. These sources are listed and key findings summarized below. 

2.14.2 Regional Hydrogeologic Investigation, South East Bay Plain (CH2MHill, 2000) 
This report evaluated the distribution of water quality parameters as a function of depth within the 
SEBP Basin and makes the following observations: 

 Compared to deeper levels, groundwater less than 200 ft below ground surface (ft. bgs) is
characterized by relatively high concentrations of total dissolved solids (TDS), chloride, nitrate,
and sulfate. Shallow wells exceed the MCL for nitrate (45 mg/L as NO3), and the secondary
MCL for TDS (1,000 mg/L), chloride (250 mg/L), sulfate (250 mg/L), iron (0.30 mg/L) and
manganese (0.05 mg/l). Nitrate is elevated in large parts of the San Leandro/San Lorenzo area,
probably due to septic tank effluent and past farming activities in these areas.

 Wells with total depths greater than 500 ft. bgs are located primarily in the southern portion
of the study area. These wells have high iron and manganese levels that commonly exceed
their secondary MCLs. Elevated TDS and chloride concentrations are probably related to
the presence of shallow well screens in the deeper wells.

2.14.2.1 Hydrogeology and Geochemistry of Aquifer Underlying the San Lorenzo and 
San Leandro Areas of the East Bay Plain, USGS Water-Resource Investigation Report 
02-4259 (Izbicki, 2003) 

The purpose of this report was to evaluate hydrogeologic, and geochemical conditions in aquifers 
underlying the SEBP. Key findings relevant to the current study include the following: 

 Water level measurements in observation wells and downward flow measured in selected
wells during non-pumped conditions suggest that water may flow through wells from the
upper aquifer system into the lower aquifer system during non-pumped conditions. Even
given the potentially large number of abandoned wells in the study area, the total quantity of
flow through abandoned wells and subsequent recharge to the lower/deep aquifer system is
still considered small on a regional basis. However, where this water contains contaminants
from overlying land uses, flow through abandoned wells may be a potential source of low-
level contamination.

 Oxygen-18 and deuterium data do not indicate that leaking water supply pipes are a
significant source of recharge. Rather, noble-gas data indicate recharge results from highly
focused recharge processes from infiltration of winter stream flow and more diffuse recharge
from infiltration of precipitation within the study area.

 Groundwater in the deep aquifer tends to be higher in sodium and potassium relative to
calcium and magnesium, likely the result of precipitation of calicite and ion exchange
reaction occurring as groundwater passes through the aquifer from recharge areas to the
deeper aquifer system.

 Arsenic concentrations ranged from non-detect to 37 ppb, and the USEPA MCL for arsenic
is 10 ppb.
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 Carbon-14 ages (time since recharge) of deep groundwater ranged from 500 years before
present (in water from wells near recharge areas along the mountain front) to 20,000 years
before present (in partly consolidated deposits underlying the Oakport injection site).These
data suggest that the lower aquifer system is isolated from surface sources of recharge.

 The presence of poor quality water at depth may limit extended pumping of deeper aquifer
in excess of injection, especially near faults where partly consolidated deposits may have
been uplifted and are adjacent to freshwater aquifers.

2.14.2.2 Characterization of Existing Groundwater Quality for Bayside Groundwater Project, 
(Fugro, 2007) 

This report documents the sampling and analysis of groundwater collected from two deep monitoring 
wells in the vicinity of the Bayside Phase I well. In July of 2007, Fugro West Inc. collected samples from 
MW-5d and MW-6, both screened in the deep aquifer, and performed full Title 22 analysis. Table 2-1 is 
modified from this report, includes well construction information, and summarizes the analytical results. 
Both samples include a water quality that is sodium chloride to sodium bicarbonate in chemical 
character. The TDS concentrations in MW-5d and MW-6 were 460 and 420 mg/l. Selenium was present 
in only MW-5d at 0.39 ug/l.Arsenic was detected in MW-5d and MW-6 at very low concentrations of, 
0.45 and 0.77 ug/l, respectively. 

2.14.2.3 USGS National Water System Information Database 

West Yost obtained water quality data maintained by the USGS and available at the National Water 
Information System (NWIS) Database, http://waterdata.usgs.gov/nwis. NWIS is a comprehensive 
database of historic and recent water quality data obtained from public agencies including local water 
purveyors, DWR, and federal agencies, such as the USGS. West Yost prepared summary tables of 
TDS, chloride, and nitrate included in Appendix E which presents analytical results sorted by well 
depth. These data are visually displayed on maps showing the aerial distribution of TDS (Figure 2-
18), chloride (Figure 2-19), and nitrate (Figure 2-20). The highest concentrations of TDS and 
chloride occur in two shallow wells adjacent to the San Francisco Bay. Appendix E also provides a 
summary of median concentrations of TDS, Cl-, and NO3- with depth in SEBP Basin Study Area.  
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Table 2-1. Summary of Deep Aquifer Water Quality Data near the 
Bayside Project – South East Bay Plain Basin 
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2.14.3 Threats to Water Quality 
Locations of contaminant sites were obtained from the California State Water Resources Control 
Board (SWRCB). Sites were downloaded from SWRCB’s Geotracker website on March 15, 2012 
and represent all open-status contaminant sites determined by the SWRCB to potentially impact 
groundwater in the East Bay Plain and Niles Cone Basins. Within the SEBP Basin GMP area, there 
are 672 sites. Of those 672 sites, only 212 are still open cases in varying stages of remediation. Figure 
2-21 shows the locations of these open cases in the SEBP Basin. Thirty-five have a status of 
“Verification Monitoring;” 138 have a status of “Site Assessment;” 18 have a status of 
“Remediation;” 14 have a status of “Inactive;” and 7 have a status of “Assessment & Interim 
Remedial Action.” 

Figure 2-22 shows the locations of local and regional groundwater contaminant plumes in the 
SEBP Basin. This information was prepared in 1999 by the Bay Area RWQCB (RWQCB, 1999) and 
represents the most current published information on the nature and extent of these contaminant 
plumes based on verbal communications with RWQCB and DTSC staff during the course of this study. 
This map should be updated using more recent groundwater quality information. 

2.15 GROUNDWATER RECHARGE 
San Leandro and San Lorenzo Creeks were important areas of recharge to the SEBP Basin before 
development occurred in the area. The predevelopment estimate of stream recharge was about 3,500 
acre-ft per year (afy) and infiltration of precipitation was about 800 afy (Muir 1996). As the result of 
urbanization, natural recharge may have decreased because of the channelization of streams and an 
increase in pavement covering permeable soil surfaces. Figure 2-23 shows the amount of recharge 
used for the groundwater model. The source of information for the estimated recharge amounts, by 
model subregions, was ACWD’s NEBIGSM (WRIME, 2005). Factors considered in assigning 
recharge or net deep percolation as shown on Figure 2-23 include: 

 Surface geology/soil type
 Land use
 Applied Water
 Precipitation
 Steamflow

Average annual recharge for the SEBP Basin study area is the sum of Hayward North, San Leandro 
and Oakland subregions, approximately 5,446 afy, which is about 33 percent of the 16,452-afy total 
for the entire IGSM model area. 
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Cross Section Update 

SEBP Shallow Aquifer 

SEBP Intermediate Aquifer 

SEBP Deep Aquifer 
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2.16 GROUNDWATER RIGHTS IN CALIFORNIA4 
Water is protected for the use and benefit of all Californians. Article 10, Section 2 of the California 
Constitution, enacted in 1928, prohibits the waste of water and requires reasonable use, reasonable 
method of use and reasonable method of diversion for all surface and groundwater rights. The 
doctrine of reasonable and beneficial use is the basic principle defining California water rights.  

Surface Water Rights: The chronological order of surface water rights starts from pre-1848 
“Pueblo Rights”, to “federally reserved right”, the common law “riparian rights”, and “appropriated 
rights”. Prior to 1914, appropriative rights could be acquired simply by posting or filing a notice, and 
then diverting and using the water for reasonable, beneficial purposes (referred to as “pre-1914 
water rights”). Since 1914, California statutory law has required that an application be filed and a 
permit obtained from a State agency, currently from the State Water Resources Control Board. 

Groundwater Rights: Like surface water, use of groundwater is not only dependent upon water 
rights but is also subject to environmental and water quality consideration.  

In 1903, the “Correlative Rights” doctrine was introduced by a well-known California water rights 
case (Katz v. Walkinshaw). It established a “sharing” rule similar to that achieved under the torts 
doctrine. Under the correlative rights doctrine, the right to groundwater is a usufructuary right that 
is appurtenant to the overlying land. The right to use groundwater is shared by all overlying owners 
of a groundwater basin.  

Unlike prior appropriation, correlative rights do not allow a precise definition of an individual’s 
water rights. In the event of conflict, parties are forced to seek an optimal solution that allows all 
competing uses to continue with as little conflict as possible. A groundwater shortage is likely shared 
among all users. 

Solutions to conflicts between rights: In the history of California groundwater management, legal 
and regulatory solutions to the conflict between the correlative rights of landowners overlying a 
groundwater basin and the long-held prior appropriation rights of users both outside and inside the 
groundwater basin have had a major impact on the distribution of groundwater but also on the 
conjunctive use of groundwater and surface water.  

Unlike surface water rights, groundwater rights in California are not governed by a permit system, 
except in the case of basin adjudication. Through the adjudication process, courts have rendered 
decisions establishing precedents including doctrine of “mutual prescription” in key cases – City of 
Pasadena v. City of Alhambra by Supreme Court of California in 1949; City of Los Angeles v. City 
of San Fernando, the Supreme Court of California in 1975; Alameda County Water District v. Niles 
Sand and Gravel by California Court of Appeal, 1st District in 1974; High Desert County Water 
District v. Blue Skies Country Club, Inc. by California Appellate Court in 1994, City of Barstow v. 
Mojave Water Agency by the California Supreme Court in 2000. 

If contending water users in the same groundwater basin cannot resolve their issues, and one or 
more individuals pursue resolution through a lawsuit, the result may be adjudication. Under 

4 Reference: Watersheds, Groundwater and Drinking Water: A Practical Guide by Thomas Harter and Larry Rollins, 
University of California Agriculture and Natural Resources Publication 3497 
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adjudication, courts establish the safe yield of the basin and decide how much each individual water 
user can extract annually. The process can take a long time (years to multiple decades), because of 
the number of parties involved, general lack of judicial experience in water law and science, and 
California’s lack of special water courts. These are costly legal battles involving hired experts, 
attorneys, and multiple studies. By all accounts, it is preferable to manage groundwater basins by 
basin users through collaboration. This GMP process enacted by AB3030 and SB 1938 is now the 
common practice to manage groundwater basin for sustainable use of all basin users.  
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33..00  GGRROOUUNNDDWWAATTEERR  MMAANNAAGGEEMMEENNTT  PPLLAANN  EELLEEMMEENNTTSS  
The elements of the plan include the overarching goal, management objectives and components that 
identify and discuss relevant actions to meet these goal and objectives of the plan. 

3.1 GROUNDWATER MANAGEMENT GOALS 
The overarching goal of the plan is to – preserve the local groundwater resource as a reliable 
and sustainable water supply for current and future beneficial uses. 

3.2 BASIN MANAGEMENT OBJECTIVES 
To achieve the goal, the plan outlines four basin management objectives (BMOs): 

1. Preserve groundwater storage by maintaining long-term groundwater elevations in
the GMP area to ensure sustainable use of the groundwater basin: Groundwater
elevation is a direct indicator of the volume of groundwater stored in the basin as well as the
groundwater gradient. The historical record of groundwater elevations show that the basin
experienced the lowest storage in the early 1960s. Since then, groundwater elevations have
recovered significantly. Under this management objective, is basin users will work
collaboratively to manage groundwater extraction and recharge in the basin to maintain the
basin’s long-term groundwater elevations.

2. Maintain or improve groundwater quality in the GMP area to ensure sustainable use
of the groundwater basin: The groundwater quality of the basin in the GMP area is
pristine in the deep aquifer of the basin. However, some locations within the basin area
present water quality concerns, especially in shallow and intermediate aquifers. This
management objective is to preserve the existing water quality condition and prevent it from
degradation.

3. Manage potential inelastic land surface subsidence from groundwater pumping:
If groundwater level declines occur, land subsidence is possible from compaction of
underlying formations. Subsidence can be either recoverable elastic subsidence or
irrecoverable inelastic subsidence.

The risk of irrecoverable subsidence from the operation of groundwater extraction depends
on basin hydrogeology and, the extent of groundwater pumping and recharge. Groundwater
usage therefore can result in changes to the internal water pressure (groundwater levels).
This management objective is to avoid irrecoverable land surface changes caused by
excessive groundwater extraction by monitoring and managing groundwater levels.

4. Manage the SEBP basin through coordination and collaboration: The success of basin
management activities depends upon the involvement of key stakeholders including basin
users, municipalities, regulatory agencies and the public. This management objective is to
foster collaboration and coordination through information sharing and cooperation.
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3.3 GMP COMPONENTS 
3.3.1  Stakeholder Involvement 
The sustainability of the groundwater basin concerns a broad range of stakeholders in both the 
private and public sectors. Water suppliers consider the basin as a source of emergency and 
supplemental water supply. Private well owners rely upon the basin for their irrigation water supply. 
Local entities view it as a future source of water. State and local regulatory agencies are tasked to 
enforce the water quality standards for the basin. Municipalities like to protect the basin as a local 
resource for their constituents. As such, the development and implementation of basin management 
goals and associated management actions must take into account stakeholder interest in achieving 
the overarching objective of maintaining the basin’s sustainability.  

For that reason, as a lead agency, EBMUD has taken a set of actions to ensure stakeholder 
involvement to develop the GMP in accordance with statutory requirements. These actions include: 

 Promoting public participation.
 Involving other local agencies and groundwater suppliers within the SEBP basin and

neighboring basin in GMP development.
 Forming a stakeholder liaison group to guide the GMP process.
 Developing relationships with state and local agencies.
 Pursuing a variety of key partnerships to achieve a sustainable local water supply.

3.3.1.1  Public Involvement and Outreach 

In accordance with CWC § 10753.2, a Notice of Intent (NOI) to prepare a GMP was published in 
local newspapers. The notice discussed the fact that EBMUD’s governing board would meet to pass 
the NOI, and that the public was invited to said meeting. EBMUD Board of Directors meeting 
inviting the public to attend. In addition, EBMUD staff reached out to private well owners, state 
and local agencies, local government entities, local utilities, communities and businesses informing 
them of the plan to craft a GMP and inviting them to participate in the process. The following 
entities agreed to participate:  

 City of Hayward
 City of Oakland
 Port of Oakland
 City of San Leandro
 City of Alameda
 Alameda County Public Works
 Alameda County Environmental Health Department
 San Lorenzo Unified School District
 Hayward Area Park District
 Alameda County Water District
 San Francisco Bay Regional Water Quality Control Board
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On August 16, 2012, EBMUD launched a dedicated web portal for GMP development to provide 
information to the public on GMP activities. Following GMP certification, the website will be used 
to disseminate plan implementation activities to the stakeholders and public. On behalf of 
stakeholders, EBMUD will: 

 Continue efforts to encourage public participation as opportunities arise.
 Reach out to local and business communities via EBMUD’s Bayside Groundwater Project

Community liaison group
 Assist stakeholders in disseminating information through other various meetings and public

forums.

3.3.1.2  Collaboration Among Basin Stakeholders and Adjacent Basins 

DWR’s bulletin 118 delineates the boundary of the East Bay Plain and adjacent basins. Multiple 
stakeholders such as local communities, overlying water rights holders, regulatory agencies, existing 
basin users, business entities, municipalities and local governments have various interests and 
jurisdiction over the basins. Although currently the SEBP Basin is not a primary source of drinking 
water supply for most of overlying stakeholders, it is considered as an important source for water 
supply reliability, future water supply planning and irrigation. EBMUD reached out to current and 
future stakeholders with various interests and formed the Stakeholders Liaison Group. 

Among these adjacent basins, Alameda County Water District (ACWD) manages and uses the Niles 
Cone basin for its public water supply. On average ACWD obtains about 40% of its water supplies 
from the Niles Cone Groundwater Basin. In fiscal year 2010-2011, about 25,400 acre-feet of 
groundwater was pumped from the Niles Cone Groundwater Basin. Recognizing the importance of 
the Niles Cone Basin and the connective relationship between the SEBP Basin and Niles Cone 
Basin, EBMUD included ACWD in the Stakeholder Liaison Group. 

The main purpose of the group is to share information among the stakeholders, solicit input and 
foster collaboration in developing the GMP and implementing the basin management activities 
driven by the GMP. 

3.3.1.3  Coordination with State and Federal Agencies 

State agencies including the California Department of Water Resources all are interested parties in 
protecting the basin water quality and preserving water quantity (supply). 

For example, the State Water Resources Control Board develops and enforces statewide water 
quality policies. Their regional office, the San Francisco Regional Water Quality Control Board, 
prepares and implements the Water Quality Control Plan for the San Francisco Bay Basin (Basin 
Plan). The Basin Plan designates beneficial uses and water quality objectives for the basin, covering 
both surface water and groundwater. It also includes programs of implementation to achieve water 
quality objectives. California Department of Toxic Substances Control (DTSC) oversees and 
regulates the water quality standards, and California Department of Water Resources assists in 
developing local water resources.  
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As a part of the stakeholder outreach process, EBMUD sought State agencies’ participation. As the 
lead agency, EBMUD plans to constantly coordinate with these entities during the GMP 
implementation. EBMUD plans to take the following actions: 

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

 Coordinate GMP implementation activities with the local, state and federal agencies as
appropriate.

3.3.1.4  Pursuing Partnership Opportunities 

As the lead agency, EBMUD is committed to facilitating partnership arrangements at the local, state, 
and federal levels in seeking grant funding opportunities for the preservation and sustainable 
development of local water resources. To date, EBMUD has fostered partnership opportunities with 
a number of interested parties. For example, EBMUD has worked with the USGS to construct a 
subsidence monitoring station in the basin. Under the objectives of the GMP, EBMUD will 
continue to facilitate and participate in partnership opportunities among stakeholders. EBMUD 
plans to take the following actions: 

 Continue to seek grant opportunities to fund local projects that can improve groundwater
management

3.3.2  Monitoring Programs 
A key component of the GMP is a monitoring program designed to assess the status of the basin 
and trigger actions to preserve the basin. The program includes monitoring groundwater elevations, 
groundwater quality, and land surface referenced elevations for tracking elastic and inelastic land 
surface subsidence, and salt and nutrients concentrations. The monitoring tasks are to be 
implemented under the following programs: 

 Groundwater Elevation Monitoring Program
 Groundwater Quality Monitoring Program
 Subsidence Monitoring Program

3.3.2.1  Groundwater Elevation Monitoring Program 

Groundwater level monitoring is an important component to manage basin storage, groundwater 
gradients, detect pumping or recharge activities, and develop a replenishment strategy. Currently 
EBMUD operates a network of 17 monitoring wells covering a part of the basin. Additional 
monitoring wells are needed to cover the remaining parts of the SEBP basin. A number of 
stakeholders - such as Port of Oakland, City of Alameda, City of Hayward and Hayward Area Park 
District - either own or operate wells within the basin. As such, individual monitoring activities can 
be coordinated to collect comprehensive data for the basin.  

Groundwater Elevation Monitoring Protocols: Without standard monitoring protocols, potential 
differences in data collection techniques, reference datum, monitoring frequencies and 
documentation methods in groundwater level measurement as well as groundwater quality sampling 
could lead to incomparable data sets and discrepancies. Although individual groundwater data 
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collection protocol may be adequate to meet a stakeholder’s needs, the lack of standardizing 
protocols could result in misrepresentation of basin-wide groundwater conditions.  

EBMUD plans to work with the local stakeholders in developing the groundwater elevation 
monitoring program for this GMP. Over time, establishing a regional monitoring network, 
comprising monitoring and production wells to integrate existing monitoring wells with additional 
wells owned by stakeholders and private owners, would benefit the basin. Although dedicated 
monitoring wells yield more accurate data, idle production wells can be used as an alternative for 
data collection. 

In accordance with provisions of SBX7 6, State Department of Water Resources (DWR) is 
implementing the California Statewide Groundwater Elevation Monitoring (CASGEM) program for 
the DWR Bulleting 118 basins including SEBP basin. EBMUD is one of the monitoring agencies 
which volunteers to report groundwater elevation data to DWR under the CASGEM program. 
DWR has developed the groundwater elevation monitoring guideline for the CASGEM program. 
Hence for the SEBP basin integrated monitoring well network, DWR’s monitoring guidelines 
(Appendix F) are to be used as recommended monitoring protocols. 

Monitoring Frequency: A consistent measurement frequency would help identify seasonal and 
long-term trends in groundwater levels. Semi-annual monitoring of the designated wells could be 
planned to coincide with the high and low seasonal water-levels of the year for the basin. Ideally, as 
the SEBP Basin is influenced by daily tidal activities, continual measurement at predetermined 
frequencies (such as hourly or every four hours using programmable pressure transducers) is 
recommended for future improved data collection. Currently, EBMUD deploys pressure transducers 
in its monitoring wells to measure and record groundwater level changes.  

Integrated SEBP Basin Monitoring Well Network: Currently EBMUD monitors a portion of 
SEBP basin by using 17 monitoring wells for its Bayside Groundwater Project Phase 1. As a part of 
groundwater management effort, EBMUD is working with City of Hayward and City of Alameda to 
expand the monitoring network coverage by integrating additional wells.  

The following Table 3-1 summarizes the EBMUD’s Bayside Project monitoring wells designated for 
the SEBP groundwater elevation monitoring well network. Figure 3-1 shows the location of these 
existing wells along with potential wells being considered for the proposed integrated regional 
monitoring well network. 
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Table 3-1: Bayside Project Groundwater Monitoring Wells 
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Actions: 

The following actions are planned to monitor and manage groundwater elevation: 

 Use CASGEM Groundwater Elevation Monitoring Guidelines for water level data
collection.

 Provide stakeholder agencies with guidelines on the collection of water quality data as per
USEPA sampling standards.

 Assist stakeholders in developing and implementing monitoring programs.
 Coordinate with stakeholder agencies to develop standardized reference elevations for

monitoring well.
 Coordinate with stakeholders and request that the timing of water level data collection

occurs on or about April 15 and October 15 of each year.
 Provide a periodic assessment of groundwater elevation trends and conditions to

stakeholders.
 Assess the adequacy of the groundwater elevation monitoring well network periodically.

3.3.2.2  Groundwater Quality Monitoring Program 

For basin management, managing water quality is as important as managing basin groundwater 
quantity. Significant use of the SEBP Basin for drinking water supply ceased in the early 20th century, 
therefore historic water quality data is not available. While regulatory agencies and various entities 
have collected water quality data in specific locations and various purposes, comprehensive and 
historical water quality data sets are not available. 

In the last decade, the USGS has completed research and analysis of the East Bay Plain Basin water 
quality in collaboration with EBMUD also as a part of State’s Groundwater Ambient Monitoring 
and Assessment (GAMA) Program. The USGS study shows that the water quality of deep aquifer in 
the SEBP Basin remains pristine and the age of groundwater is dated at 9,200 years since it was 
recharged. This is attributed to the basin hydrogeology consisting of protective thick clay layers 
shielding contaminants. However, multiple perforated wells and improperly constructed or 
abandoned wells could act as artificial conduits by allowing contaminants from shallow zones to 
penetrate deeper aquifers, which is a potential threat to basin water quality. Accordingly, this GMP 
proposes well standards for existing wells and future wells to preserve basin water quality from 
threats of contaminants including salts and nutrients. 

It is a future goal of this GMP to eventually develop and maintain an integrated groundwater 
database using a GIS platform. For that purpose, annual water quality sampling would be planned 
and groundwater quality data from stakeholder and public sources would be integrated into a water 
quality database. Appendix G contains a possible groundwater quality sampling plan listing the water 
quality constituents to be analyzed when resources are available. The water quality monitoring well 
network would continue to be modified to cover greater basin area as resources available. 

Actions: 

The following actions are planned to monitor and manage groundwater quality: 

 Coordinate with stakeholders to assist in using standardized water quality sampling protocols
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 Maintain stakeholder’s existing monitoring well network for purposes of groundwater quality
monitoring

 Collaborate with local, state, and federal agencies such as USGS to identify opportunities to
continue conducting water quality analysis in less known areas of the basin

 Review and assess the effectiveness of the groundwater quality monitoring program
periodically and recommend improvements as necessary

 Secure grant funding to initiate a GIS based groundwater quality database, and
 To collect, compile and integrate groundwater quality data

3.3.2.3  Subsidence Monitoring Program 

Land subsidence can result from compaction of underlying formations caused by groundwater level 
decline. Subsidence can be categorized as recoverable elastic subsidence or irrecoverable inelastic 
subsidence. Subsidence concerns, within the SEBP basin, while certainly not as serious as in other 
areas of California are nevertheless present. 

The risk of irrecoverable subsidence from operation of groundwater extraction depends on basin 
hydrogeology, the extent of groundwater pumping and the resulting change in the internal water 
pressure (groundwater levels). Groundwater contained within aquifers and aquitards helps support 
the weight of the overlying sediments because the water contained in the pore spaces in the 
sediments creates an internal water pressure. Land subsidence can occur if groundwater pumping 
reduces the water pressure within the pore space of the saturated sediments over a period of time, 
thereby causing the sediments to compress.  

Elastic Subsidence: Subsidence in the coarser-grained materials of the aquifers is elastic. A small 
amount of elastic subsidence is expected to occur over a broad area of the SEBP Basin in response 
to pumping, which is what happens when any well in a confined aquifer produces water. Under 
conditions of elastic subsidence, the compaction is relatively small and is reversed when pore 
pressures increase due to rising water levels, including during injection of groundwater. The amount 
of this elastic subsidence is a function of the amount of drawdown. As occurs in nearly any basin 
with groundwater pumping, elastic subsidence will completely reverse following each groundwater 
pumping cycle as water levels recover.  

Inelastic Subsidence: Under certain conditions, groundwater pumping can result in a permanent 
change in the structure of the sediments, known as inelastic subsidence. These conditions may result 
in a non-recoverable compaction of the aquifer system. Inelastic subsidence occurs when the water 
pressure in finer-grained sediments is reduced beyond their historic low water levels. The result is a 
permanent change to the intergranular structure of the sediments that cannot be reversed when 
water levels recover. The compressibility of sediments under inelastic conditions is much greater 
than it is under elastic conditions, and may require decades to millennia to complete. 

The potential for inelastic subsidence depends on both the magnitude and duration of drawdown. 
Inelastic subsidence is highly unlikely to occur if water levels are maintained above historical lows. 

Subsidence Monitoring in the SEBP basin: In coarser-grained materials, such as the sands and 
gravels that comprise the East Bay Plain Deep Aquifer, the change in pore pressure is roughly 
uniform throughout the thickness of the sediments and can be monitored by measuring changes in 
water levels in observation wells. As a part of the EBMUD’s Bayside Project, direct measurement of 
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ground elevation changes for Bayside Phase 1 are being accomplished using high-resolution 
extensometers, as shown in Figure 3-2. These instruments which were constructed and calibrated by 
the USGS detect compression in the deep and shallow aquifer sediments. The accuracy of well-
constructed extensometers is on the order of 0.001 millimeters. Extensometer data is being reviewed 
continuously by EBMUD to assess whether subsidence is occurring and whether it is elastic or 
inelastic. If any inelastic subsidence is detected the accuracy of the extensometers is such that it will 
be a very small amount measurable near the Bayside Well No. 1. 

Figure 3-2 
Bayside Groundwater Project Extensometer 
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Along with measurement of land surface movement using the above mentioned extensometer, 
contingent upon availability of funding, a periodic survey of reference elevations for the monitoring 
network would enable stakeholders to better track land surface movements including subsidence of 
the SEBP Basin. 

Actions: 

The following actions are identified to monitor and manage potential subsidence. The program will 
continue to monitor land subsidence and pursue additional actions as necessary if resources are 
available. These will include: 

 Periodically re-survey the established reference elevations at groundwater monitoring
locations.

 Collaborate with State and federal agencies, particularly USGS, to collect and analyze land
surface movement data for potential land subsidence using various methodologies including
InSAR remote sensing.

3.3.2.4  Data Management and Data Sharing 

Groundwater data management requires data compilation and database maintenance. As the lead 
agency, EBMUD will continue to collect data required for the operation of the Bayside 
Groundwater Project Phase 1 and maintain a database of well information, well logs, groundwater 
quality and elevation data, and, when readily available, known groundwater contamination sites. 
These databases support water resources development, basin management, and groundwater model 
calibration.  

3.3.3  Groundwater Basin Management Tools 
3.3.3.1  SEBP Groundwater Model 

As a part of GMP development, a groundwater model of the SEBP Basin and the NCGWB using 
the USGS finite difference flow model, MODFLOW was created to simulate groundwater 
management strategies. Further refinements and/or verification of the model will become necessary 
to accurately define basin sustainability and interbasin relationships to better manage the SEBP basin 
under increased levels of groundwater use. 

Hydrologic Model of the SEBP Basin: The new model was constructed utilizing two existing 
models.  

One model was developed by CH2M Hill in 2001. It was developed on behalf of EBMUD as part of 
the planning for their Bayside Groundwater Project. The model was constructed using the USGS’s 
MODFLOW groundwater modeling code. That MODFLOW model consisted of seven layers. 

The other model was developed also in the early 2000s by Wrime, Inc. on behalf of the Alameda 
County Water District, EBMUD and the City of Hayward. Titled the NCGB-SEBPB model 
(NEBIGSM), it uses the finite element IGSM model code.  

The NEBIGSM model consists of four layers. The NEBIGSM model has been used extensively by 
ACWD as a basin management tool. Since its development, significant updates/contributions have 
been made to the model.  
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Code Selection: The USGS MODFLOW code was selected as the primary platform to develop the 
new groundwater flow model (NEB MODFLOW Model), as it provided the option to support both 
immediate and future modeling needs for basin stakeholders. Specifically, it is the most widely used 
groundwater modeling code publically available. MODFLOW has an ability to simulate three-
dimensional problems involving recharge and evapotranspiration, wells, drains, and stream-aquifer 
interactions. It also has a suite of technically sound companion modules that have been reviewed 
and validated throughout the groundwater community that provide options (at some future date) to 
simulate the basin’s response to groundwater contamination (predicting contaminant transport). It 
also allows one to identify and predict the risk of saltwater intrusion and basin subsidence. In 
addition, MODFLOW is integrated into the Arc Hydro Groundwater (AHGW) suite of tools that 
were used to support the data management, data analysis and visualization work completed for the 
technical study prepared as part of the GMP development effort.  

For the new model development, the NEBIGSM model was selected as the primary data source for 
the new MODFLOW model. 

Model Description: The NEB MODFLOW model, prepared for this GMP, is a seven-layer, finite 
difference groundwater flow model developed using the USGS MODFLOW code. The new model 
establishes/calculates a water balance for the GMP area. It also provides baseline estimates of key 
parameters (e.g., water levels, boundary flow conditions, etc.) for basin management purposes. 

The simulation period of the NEB MODFLOW model starts from October 1, 1964 and runs 
through October 1, 2012. The model simulation period is monthly, except for the duration from 
August 2010 through September 2010. Additional stress periods were added during this time period 
to match the actual pumping that occurred during 2010 from EBMUD’s pump test at the Bayside 
Well (Fugro, 2011). The models ability to replicate water level changes in observation wells was then 
assessed. 

3.3.4  Groundwater Resource Protection 
In this GMP, resource protection entails both prevention of contamination from entering the 
groundwater basin and remediation of existing contamination. Prevention measures include 
adoption and enforcement of relevant well standards including proper well construction and 
destruction practices, development of wellhead protection measures, protection of recharge areas, 
controlling groundwater contamination, and managing salts and nutrients. 

3.3.4.1  Well Standards 

As per authority provided by County General Ordinance Code, Chapter 6.88, the Alameda County 
Public Works Agency (ACPWA), administers the well permitting program for Alameda County. The 
code authorizes ACPWA to regulate groundwater wells and exploratory holes as required by the 
California Water Code. The provisions of these laws are administered and enforced through 
ACPWA’s Well Standards Program. 

ACPWA’s Water Resources Section is responsible for all well permitting activities for nine cities and 
unincorporated western Alameda County including the SEBP Basin area. The Water Resources 
Section manages all drilling permit applications within its jurisdiction, and oversees compliance via 
guidelines for well construction and destruction, geotechnical and well contamination investigations, 
well data searches that meet specific criteria, and other activities. 
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To better protect the SEBP basin from water quality degradation, pollution or contamination caused 
by improper construction, use, operation, maintenance, repair, reconstruction, improvement, 
inactivation, decommissioning, or destruction of wells, exploratory holes, other excavations, and 
appurtenances, the current well standards were reviewed and updated to meet current well standard 
enforcement needs. The updated standards are included in the Appendix H. These standards are 
derived from water well industry procedures and processes deemed most effective at meeting local 
groundwater protection needs and are based on the standards developed by ACWD and the State of 
California Department of Water Resources (DWR). Note that following GMP adoption, 
stakeholders will work to see that these updated standards are considered for adoption by Alameda 
County. 

Actions: 

The GMP will implement the following tasks: 

 Ensure that all stakeholders are provided a copy of the County well ordinance and
understand the proper well construction procedures.

 Support ACPWA in adopting the updated well standards.
 Support stakeholders in educating public about the updated well standards and in adopting

local ordinances to implement the well standards.

3.3.4.2  Wellhead Protection 

EBMUD and City of Hayward serve the SEBP Basin area primarily from surface water sources. 
Both these water suppliers have developed supplemental drought supply and/or emergency sources 
using groundwater. These sources are subject to permitting requirements of California Department 
of Public Health (DPH). DPH requires water suppliers to identify wellhead protection areas under 
the Drinking Water Source Assessment and Protection (DWSAP) Program administered by the 
DPH in order to issue a drinking water supply permit. EBMUD has completed a DWSAP 
assessment in 2012 by completing the following three major components required by DPH: 

 A delineation of capture zones around sources (wells); an inventory of Potential
Contaminating Activities (PCAs) within protection areas.

 A vulnerability analysis to identify the PCAs to which the source is most vulnerable.
 A delineation of capture zones using groundwater gradient and hydraulic conductivity data

to calculate the surface area overlying the portion of the aquifer that contributes water to a
well within specified time-of-travel periods. Areas are delineated representing 2, 5, and 10
year time-of-travel periods.

Protection areas are managed to protect the drinking water supply from viral, microbial, and direct 
chemical contamination. Inventories of PCAs include identifying potential origins of contamination 
to the drinking water source and protection 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 
such as gas stations, dry cleaners, and landfills, to “low” for such sources such as schools, lakes, and 
non-irrigated cropland. Vulnerability analysis includes determining the most significant threats to the 
quality of the water supply by evaluating PCAs in terms of risk rankings, proximity to wells, and 
Physical Barrier Effectiveness (PBE). PBE takes into account factors that could limit infiltration of 
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contaminants including type of aquifer, aquifer material (for unconfined aquifers), pathways of 
contamination, static water conditions, hydraulic head (for confined aquifers), well operation, and 
well construction. The 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. 

Actions: 

The GMP will recommend the following actions: 

 Obtain an updated coverage of potentially contaminating activities and provide that
information to stakeholders.

 Share current wellhead protection measures and provide a summary of actions taken by
others as a tool in managing their individual wellhead protection programs.

3.3.4.3  Protection of Recharge Areas 

Although the productive aquifers in most parts of the SEBP Basin are confined by thick clay layers 
and the surface water does not directly contribute to aquifer recharge, it is important to recognize 
the link between activities that take place on the surface and the potential impact of these activities 
on the long-term quality and quantity of groundwater recharge. As such, the GMP includes 
delineation of recharge areas to be protected and recognized for planning purposes. It is 
recommended that land use authorities recognize the need to protect groundwater recharge areas 
and pay special attention to overlying land use practices that either impede (e.g., large pavement 
areas) or could pollute (e.g., proper oil disposal) water as it makes its way from the surface to the 
aquifer. 

Actions:  
The GMP recommends the following action: 

 Inform and assist groundwater authorities and the land-use planners to consider the need to
protect prominent groundwater recharge areas in land use planning processes.

3.3.4.4  Groundwater Contamination 

The known contaminated sites in the SEBP basin area are in the shallow zone. The shallow zone in 
the Basin area is not considered to be a water source for industrial and municipal water supply but 
traditionally has been used for irrigation purposes. However, there is a concern that the 
contaminants in the shallow zone could be transmitted through multiple-perforated wells into 
productive intermediate and deep aquifer units. As the Basin area has industrial and manufacturing 
activities, sources of contaminants known are recorded in environmental databases such as 
GeoTracker. Thus far, there is no significant adverse impact to the deeper production zones of the 
groundwater basin. However, the concern of potential contaminations from various sources does 
exist. 

Although the GMP stakeholders do not have authority or the direct responsibility for taking action 
against responsible parties, they are committed to coordinating with responsible parties and 
regulatory agencies to foster appropriate actions and remediation. For example, should any 
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contaminants exceeding water quality standards be detected or a spill event is observed, the GMP 
stakeholders will inform and coordinate with SFRWQCB and DTSC. 

Actions:  

The GMP stakeholders will take the following actions: 

 If contaminants exceeding water quality standards are detected in monitoring wells, contact
appropriate regulatory agencies

 Coordinate with SFRWQCB and DTSC to encourage these agencies to take necessary
actions

3.3.4.5 Salt and Nutrient Management (SNM) 

3.3.4.5.1  Background 

The California State Water Resources Control Board (SWRCB) adopted the Recycled Water Policy 
on February 3, 2009. The purpose of the Policy is to increase the use of recycled water in a manner 
that implements state and federal water quality laws. The policy encourages water recycling with the 
stated goals of: 

 Increasing recycled water use by at least one million acre-feet per year (AFY) by 2020 and by
at least two million AFY by 2030.

 Substituting as much recycled water for potable water as possible by 2030.

The SWRCB is also encouraging every region in California to develop a salt/nutrient management 
plan by 2014. Because each groundwater basin or watershed is unique, the plan detail and 
complexity will depend on the extent of local salt and nutrient problems. Plan components include: 

 Basin-wide water quality monitoring
 Water recycling goals and objectives
 Salt and nutrient source identification
 Basin loading - assimilative capacity estimates
 Salt mitigation strategies
 Anti-degradation analysis
 Emerging constituents consideration (e.g., PPCPs, EDs)

Currently, only limited recycled water supply is available within the SEBP Basin area. However, in 
the future, recycled water supply could become a significant source. In addition, because of the 
proximity to the San Francisco Bay, high concentrations of TDS are observed in shallow zones of 
the Basin.  

3.3.4.5.2  Objectives 

The primary goal of SNM is to facilitate basin-wide management of salts and nutrients from all 
sources in a manner that optimizes recycled water use while ensuring protection of groundwater 
supply and beneficial uses, agricultural beneficial uses, and human health. In addition, SNM is 
required for seawater intrusion related salt loading. Considering that limited to no recycled water use 
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is taking place within the most productive area of the SEBP Basin, and as based on existing 
hydrogeology, the following are the objectives of the SNM plan for the SEBP Basin: 

 To recognize the importance of monitoring salt and nutrient compounds.
 To evaluate the need for SNM.
 To establish a base line water quality condition for the basin.
 To evaluate existing and potential future sources.
 To integrate additional constituents in water quality monitoring for salt and nutrients

management.
 To collect water quality data.

3.3.4.5.3  Salt & Nutrient Source Analysis 

Existing Salt and Nutrient Composition of the SEBP basin: The SEBP Basin interfaces with 
San Francisco Bay. The shallow aquifer unit of the Basin is exposed to seawater and higher 
concentrations of TDS are detected in the shallow zone.  

Section 2.13 of the GMP details the current water quality condition in the Basin area. As discussed 
in that section, previous studies evaluate the distribution of water quality parameters as a function of 
depth within the SEBP Basin and make the following observations: 

 Compared to deeper levels, groundwater less than 200 ft bgs is characterized by relatively
high concentrations of total dissolved solids (TDS), chloride, nitrate, and sulfate. Shallow
wells exceed the MCL for nitrate (45 mg/L as NO3), and the secondary MCL for TDS
(1,000 mg/L), chloride (250 mg/L), sulfate (250 mg/L), iron (0.30 mg/L) and manganese
(0.05 mg/l).Nitrate is elevated in large parts of the San Leandro/San Lorenzo area, probably
due to septic tank effluent and past farming activities in these areas.

 Wells with total depths greater than 500 ft bgs are located primarily in the southern portion
of the study area. These wells have high iron and manganese levels that commonly exceed
their secondary MCLs. Elevated TDS and chloride concentrations are probably related to
the presence of shallow well screens in the deeper wells.

Potential Source of Salt and Nutrient: Depending upon the quality of recycled water, recycled 
water use could become an additional source of salt and nutrients for the basin. Currently, all 
existing recycled water uses are in the least productive area of the basin portion that is not used for 
public water supply). As a part of the basin management activities, recycled water use within the 
basin will be periodically observed and the monitoring plan will be modified as needed to manage 
the basin water quality.  

3.3.4.5.4  Salt & Nutrient Plan and Implementation 

 Options: As a part of the water quality monitoring program, the water quality sampling and
analysis is to be done periodically to monitor the basin water quality. In addition, the water
supply wells are to be sampled and analyzed for permit compliance purposes.

 Strategies: Although the water quality monitoring network is sufficient to track water quality
objectives, the network can be improved by adding dedicated monitoring wells and sampling
events. To improve water quality monitoring capabilities, under the implementation of this
GMP, available state and federal grants will be pursued. In addition, periodic bi-lateral
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meetings with San Francisco Regional Water Quality Control Board (SFRWQB) will be 
planned to review and discuss the water quality data and plan actions. The stakeholders will 
seek collaboration and support in obtaining grant funding and in developing any necessary 
actions. 

 Implementation: A key component of the GMP is monitoring basin water quality. Section
3.3.2.2 of this document details the groundwater quality monitoring program including aater 
quality monitoring constituents and sampling protocols. Salt and nutrient constituents will be 
included as a part of monitoring program. Details of the monitoring plan are discussed in 
these sections. 

3.3.5  Groundwater Sustainability 
3.3.5.1 Coordinated Management Activities 

Following GMP adoption, basin stakeholders recognize the need to perform various activities on a 
routine basis that when combined serve as the means to manage the basin thereby insuring its 
conjunctive capabilities (Conjunctive Management Activities). Activities are grouped into the 
following categories: 

 Stakeholder Efforts;
 Basin Monitoring;
 Groundwater Protection Measures (& Enforcement);
 Other Sustainability Measures; and
 Integration with Other Agency & Organization Planning Efforts.

Stakeholder Efforts (Public Outreach & Coordinated Stakeholder Activities): Maintaining and 
strengthening stakeholder involvement in the groundwater management effort will be a key 
conjunctive management activity moving forward. The process of encouraging broad involvement 
will be successful if the public is engaged. 

Public Outreach and Involvement: The stakeholder committee formed for the GMP preparation 
will spearhead outreach efforts. Initially, those efforts will focus on informing key elected officials 
and the public about the GMP. 

Communication activities could be within or outside the SEBP basin boundary, depending on the 
audience and their interest(s). However, the focus of public outreach will be to reach residents and 
business owners that overlie the basin. 

The following actions may be used to encourage public involvement: 

 Hold an annual stakeholders workshop with public involvement as a standing agenda item.
 Agency leads for GMP implementation shall work with stakeholders to assure continued

communication following GMP adoption (including participation in discussion with
stakeholders, electeds and staff)

 Make available printed copies of the GMP at public libraries within the basin footprint
 Make available an electronic version of the GMP
 Maintain the EBMUD-hosted website for the SEBP basin GMP
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 Through the stakeholder group, coordinate outreach to inform the public and key elected
officials

 Present GMP details at community forums, in conjunction with existing neighborhood
outreach efforts

 Maintain a mailing list of those interested in participating on any GMP-related committees
 Meet with representatives from business groups and other interested organizations as

appropriate

Coordinated Stakeholder Activities: Stakeholders are committed to advancing the knowledge of 
the Basin to promote Basin sustainability. The following activities are future means to meet that 
commitment: 

 Working together to seek grant funding for key projects and planned actions beneficial for
the Basin

 Working proactively to address potential conflicts of groundwater interests

Basin Monitoring: Comprehensive, long-term monitoring provides data needed to evaluate 
changes in the Basin over time. GMP implementation will call for continued groundwater 
monitoring coupled with updated groundwater modeling when appropriate in order to assist in 
decision making as it pertains to basin management.  

Monitoring of the groundwater basin shall include the following elements: 

 Groundwater elevation monitoring
 Groundwater quality monitoring
 Land subsidence monitoring
 Data management/storage

Groundwater Elevation Monitoring: While agencies such as EBMUD have been performing 
groundwater elevation monitoring for a number of years, there is an interest to continue and 
perhaps expand that effort over time. As funding is available, the following activities could be 
performed on a periodic basis: 

 Surveys of existing monitoring wells: The City of Hayward and EBMUD have wells that are
routinely monitored as part of their ongoing operations. Additional known wells can be
added to monitoring program assignments based on whether such information is necessary
and additional resources are available

 Expansion of monitoring activities: If additional resources become available, monitoring
could be expanded beyond those wells which have been instrumented by the City of
Hayward and EBMUD

 Data Sharing: Data would be shared with a stakeholder team (likely led by EBMUD) and can
be made available to the public and interested parties to track basin sustainability over time
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The following actions are planned regarding groundwater elevation monitoring: 

 Assess groundwater elevations collected as part of ongoing agency activities for network
adequacy

 Work with private well owners who wish to continue to operate their groundwater wells to
1) comply with well standards and 2) collect and share groundwater data.

 Seek grant funding to expand the monitoring program.

Groundwater Quality Monitoring: Water quality information has been collected over the years by 
several of the basin stakeholders. The following actions are proposed moving forward: 

 Stakeholders will review groundwater quality data collected as part of on-going activities
associated with agency operations to determine trends, conditions and adequacy of the
groundwater quality monitoring network. If there appears to be an acute need for additional
modeling, the stakeholders will work to identify funding mechanisms.

Land Subsidence Monitoring: EBMUD has a program in place, in partnership with the U.S. 
Geological Survey, to monitor Land Subsidence adjacent to its Bayside Groundwater Project 
facilities in San Lorenzo, CA. Plans are to continue to use that facility to monitor land subsidence in 
that general portion of the SEBP Basin. Additional subsidence monitoring performed by 
stakeholders such as the City of Alameda will be periodically reviewed to assess the behavior of the 
SEBP Basin. 

Monitoring Protocols: Stakeholders are to adhere to water quality data collection procedures 
developed by the State of California Department of Public Health.  

Data Management: Assuming a source of funding can be secured, EBMUD could serve as a 
centralized agency for the purpose of data management as it pertains to the SEBP basin. Specifically, 
EBMUD could: 

 Maintain and update a data management system to store information collected by the various
stakeholders in regards to groundwater elevations and groundwater quality.

 Use the data collected to prepare periodic evaluations of the groundwater condition in the
SEBP basin, which in turn can be shared with other stakeholders and the general public.

Groundwater Protection Measures: Groundwater quality protection is a key factor to ensuring the 
sustainability of a groundwater resource. As part of this GMP, groundwater quality protection 
includes both the prevention and minimization of groundwater quality degradation, as well as 
measures for the minimization of contamination. Prevention measures include proper well 
construction and deconstruction practices, development of wellhead protection measures, and 
source control of potential contaminants. 

Well Construction, Abandonment and Deconstruction: Alameda County Public Works 
Department, a GMP stakeholder, is responsible for rules and procedures associated with well 
construction, abandonment and deconstruction. Those rules and procedures are detailed in 
Appendix H. 

South East Bay Plain Basin Groundwater Management Plan  81 
March 2013 



SSEECCTTIIOONN  33  ––  GGRROOUUNNDDWWAATTEERR  MMAANNAAGGEEMMEENNTT  PPLLAANN  EELLEEMMEENNTTSS

Wellhead Protection: Identification of wellhead protection areas is a component of the Drinking 
Water Source Assessment and Projection (DWSAP) Program administered by DPH. EBMUD, as 
part of its Bayside Groundwater Project, has provided DPH with the following information: 

 A delineation of the capture zone around the Bayside Groundwater Project’s extraction well.
 An inventory of potential contaminating activities (PCAs) within the project’s protection

areas.
 A vulnerability analysis to identify the PCAs to which the project is most vulnerable.

The following are potential future/further actions regarding this topic: 

 Continue to identify source areas and protection zones as needed when and if the SEBP
Basin is used as part of any future activity (such as the expansion of the Bayside
Groundwater Project by EBMUD).

 Update management approaches that can be used to provide better protection to the water
supply from PCAs including voluntary control measures and expanded public education.

Controlling Migration and Remediation of Contaminated Groundwater: The known 
groundwater contamination plumes within the SEBP Basin are discussed in Section 2.13.  

To address contamination, the stakeholders will coordinate with responsible parties and regulatory 
agencies to keep those interested informed on the status of potential contamination in the SEBP 
Basin. The actions listed below are to be considered as a means to improve protection of 
groundwater quality from contamination: 

 Provide well owners with information regarding DPH and ACPWD well requirements.
 Incorporate any new known high risk PCAs into the data management system(s) created for

the SEBP Basin.
 Make contaminant plume information available to well owners through various

informational avenues (the SEBP Basin GMP webpage, etc).

Control of Saline Water Intrusion: Seawater intrusion from San Francisco Bay is a challenge, 
particularly for the upper most aquifers in the SEBP Basin. Section 3.3.4.5 addresses salt and 
nutrient management efforts proposed, however, aside from those efforts, this GMP proposes that 
the following additional actions could be implemented over time, particularly if and when seawater 
intrusion issues become problematic for the lower-most aquifer: 

 Track saline water movement from San Francisco Bay through on-going groundwater
monitoring efforts.

 Examine TDS, chloride and sulfate concentrations collected for the Bayside Groundwater
Project monitoring to identify any trends over time.

 Perform studies (when and if funding can be secured) to review salinity sources and their
distribution; to identify mitigation alternatives.

 Develop projects (when and if funding can be secured and assuming mitigation is needed) to
address saline water intrusion.
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Other Sustainability Measures: Various water management options are available to address 
groundwater supply sustainability. The primary method in play for the deep aquifer of the SEBP 
Basin is direct aquifer recharge/groundwater banking, managed as a strategy to replenish the Basin 
and serve as a secure storage means for water that could be sourced during times of drought. As 
EBMUD and others (such as the City of Hayward) utilize the basin for water supply, there are no 
plans at this point in time to consider alternatives such as storm water recharge and/or recycled 
water recharge. However, the use of other supplies (such as recycled water) for irrigation, etc. can be 
promoted as a means to limit the use of groundwater supplies. Similarly, conservation and demand 
reduction measures can be employed that will reduce the reliance on the SEBP Basin. 

Direct Aquifer Recharge/Groundwater Banking: The deep aquifer in the SEBP Basin is being 
utilized by EBMUD to store treated water for later use during droughts. The project, the Bayside 
Groundwater Project is an Aquifer Storage and Recovery Project, and demonstrates how direct 
aquifer recharge can be utilized to assure the long term sustainability of the basin. The following 
planned actions are possible to build upon this concept: 

 Possible expansion studies to assess the feasibility of a larger, Phase 2 of the Bayside
Groundwater Project (moving from an existing 1 mgd operation to as large as a 10 mgd
operations)

 Full scale Phase 2 project development (based on the results of feasibility studies and the
ensuing planning efforts)

If or when other parties are shown to have depleted storage within the lower aquifer, there is the 
possibility that direct aquifer recharge could be utilized to counter or correct for the depletion. 

Integration with Other Agency and Organization Planning Efforts: There are various planning 
efforts underway within basin stakeholder organizations where integration is possible, however the 
three that are most-likely to benefit from integration include: 

 Urban Water Management Plans
 General Plans/Land Use Plans
 Integrated Regional Water Management Plans

Urban Water Management Plans: Two Basin stakeholders (EBMUD and the City of Hayward) 
have developed Urban Water Management Plans (UWMP). These UWMPs, are required by the State 
of California for all retail water purveyors who have more than 3,000 customers. UWMPs are 
designed to encourage efficient water use and identify ways to meet future customer demands and 
issues such as the sustainability of groundwater resources, should such resources play a factor.  

General Plans/Land Use Plans: Stakeholder agencies are committed to providing GMP 
information to those entities responsible for the preparation and update of land use plans and 
general plans for cities and counties. The goal of such interaction will be to enable all land use 
agencies to have access to information regarding activities taking place for the protection and 
availability of groundwater resources within the SEBP basin. 
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3.3.5.2 Water Conservation and Recycling 

EBMUD and the City of Hayward are the two water suppliers within the SEBP Basin. Each has 
water conservation programs in place to reduce the demand for water. The following section briefly 
discusses the programs of the two agencies. 

EBMUD’s Water Conservation Program: EBMUD provides technical and financial assistance to 
encourage customers to help assure an adequate water supply by using water efficiently. Their water 
conservation staff advises customers on selecting water-efficient products, implementing best 
management practices, and designing/maintaining WaterSmart landscaping and efficient irrigation 
methods. Water conservation services include water use surveys, incentives for high-efficiency 
plumbing fixtures, appliances, process equipment and irrigation systems, and free distribution of 
conservation self-survey kits and water efficient devices (i.e., showerhead, faucet aerators) that 
reduce water use. EBMUD is also very active in new water conservation technology research and the 
development of education and demonstration projects. In 2011, EBMUD updated its Water 
Conservation Master Plan (“WCMP”) to help meet long-term water supply needs through the year 
2020. The WCMP serves as a blueprint for implementation strategies, goals and objectives for 
achieving additional water savings consistent with the targets identified in EBMUD’s 2010 Urban 
Water Management Plan as well in their recently adopted Water Supply Management Program 2040 
(WSMP 2040). The WCMP incorporates elements of the State of California’s Water Conservation 
Act of 2009 (SB7) which calls for achieving a statewide goal of a 20 percent reduction in urban per 
capita water use by 2020. 

City of Hayward’s Water Conservation Program: The City of Hayward has one of the lowest per 
capita water usage among agencies that purchase water from the San Francisco Public Utilities 
Commission (SFPUC). This is perhaps partially due to the fact that, as one of the original signatories 
to the California Urban Water Council (CUWC) Memorandum of Understanding Regarding Urban 
Water Conservation in California (MOU), Hayward has long been committed to effective water 
conservation. The CUWC was created to increase water use efficiency through partnerships among 
urban water agencies, public interest organizations and private entities that provide services and 
equipment to promote water conservation. 

Hayward has and will continue to actively participate in regional demand management efforts, 
including development and implementation of the regional Water Conservation Implementation 
Plan as developed by Bay Area Water Supply and Conservation Agency (BAWSCA) in 2009. 
Hayward evaluates each regional conservation program individually to assess the benefits to 
Hayward customers. To date, Hayward has participated in regional programs such as:  

 High efficiency clothes washing machine rebates
 High efficiency toilet rebates
 Indoor water efficiency standards for new development
 Residential water efficient landscape classes
 School education programs (in-class and assembly)
 Distribution of pre-rinse spray valves
 Adoption of bay friendly landscape ordinances and standards

Hayward intends to continue to implement cost effective water conservation programs. Moving 
forward, the City will continue to assess and implement additional cost effective water conservation 
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measures in order to achieve SB7 targets and to carry Hayward City Council’s mission of efficient 
and sustainable use of resources. Potential future programs may include: 

 Rebates for weather-based irrigation controllers and efficient irrigation systems
 Water use surveys for commercial/industrial sites, including hotels and motels
 Incentives to replace inefficient commercial and industrial equipment

3.3.5.3 Periodic Basin Assessment and Reporting 

Contingent upon available funding, the basin management actions will be reviewed and analyzed to 
evaluate effectiveness of the actions. Necessary modification may be considered to achieve the GMP 
objectives. These analyses and findings are to be reported to the basin stakeholders. 

3.3.5.4 Basin Replenishment 

Using the GMP as a guide, all stakeholders led by EBMUD are to collaboratively manage the Basin. 
EBMUD has not committed to exclusively taking on basin management authority, although the 
agency will continue to provide guidance and coordination for other stakeholders. When basin 
storage conditions warrant the need to address replenishment matters, EBMUD will work with 
GMP stakeholders to undertake necessary actions. 

3.3.5.5 Basin Water Budget 

The new groundwater flow model (NEB MODFLOW) for the SEBP Basin area as well as the 
water budget prepared for the Basin are primarily intended for groundwater planning purposes to 
assist in managing ground water resources.  

As a numerical analysis tool, a groundwater model assists water managers and basin stakeholders 
in understanding the general dynamics of the groundwater flow system within the SEBP Basin. 
During the GMP preparation, upon completion of model calibration, the model was used to 
generate a water balance and baseline estimates for the GMP area. In addition, major 
components of the groundwater budget were developed using the model.  

From model results, groundwater elevations within the SEBP Basin appear to be reaching an 
equilibrium. Groundwater levels have been increasing since the 1960s, primarily as a result of 
the decrease in volume of groundwater extraction throughout the area since that time. 

Based on a technical review of current information, the primary inflow into the GMP area can be 
categorized as recharge to the aquifers as a result of deep percolation of precipitation and applied 
water, subsurface inflow, and inflow from ungauged watersheds. The source of groundwater 
flow in the shallow zone is percolation primarily from the foothill region that lies to the east. 
That water move from east to west in the shallow aquifer, flowing towards San Francisco Bay. It 
is believed that the flow entering the intermediate and deep aquifers systems consists of 
contributions from beneath the San Francisco Bay. 

If there are modifications to the volume and/or rate of groundwater extraction in the SEBP Basin, 
it would likely influence the overall flow balance and distribution of inflow into the GMP area. 
The overall water balance for the GMP area is provided in the Figure 3-3. Table 3-2 provides a 
summary of the simulated water budget for the GMP area for a 20-year period from 1993 
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through 2012. On average, inflows and outflows were in balance across the period, resulting in 
relatively small changes in storage in the aquifer. The average annual change in storage for the 
period was 152 acre-feet, a small annual increase. This is consistent with the relatively stable 
groundwater elevation trends over the same period as detailed in previous basin studies. Those 
studies indicated that the basin was refilling at a rate of 1,300 acre-feet per year in the mid-1990s 
(CH2MHILL, 2000). The results from the hydrologic study performed as part of this GMP 
preparation indicates that the basin has nearly stabilized, and the rate of increase in storage is 
decreasing as a consequence. 

These estimates and findings are influenced by the assumptions necessary to create an “initial 
condition” for the Basin (as well as by how the model conceptualized various operational details 
of the Basin). Modifications to either of these components could be called for when and if 
additional Basin data becomes available in the years ahead. In turn, the water balance as 
prepared for the SEBP Basin should be updated. 
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Future Governance Plans: It is anticipated that at some point in time, there may be a need to enter 
into a more formal governance structure. Such a structure would enable the following: 

 Collective management of a well protection program, well destruction program/policies, well
installation policies, etc.

 Integration of Basin objectives into the Bay Area Integrated Regional Water Management
Plan.

 Collective means to apply for grant monies.
 Development of means and procedures whereby Basin replenishment is managed (should

one or more entities be deemed responsible for extracting groundwater from the Basin to
cause overdraft).

 Collective preparation of updates to the GMP as well as of periodic State-of-the-Basin
reports.

 While undertaking all the sustainability measures, if the Basin becomes overdrafted,
EBMUD will collaborate with stakeholders to develop a replenishment plan.

Table 3-2: Simulated Annual Water Budget for the SEBP Groundwater Basin, 1993 through 2002 
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SSEECCTTIIOONN  44..00  PPLLAANN  IIMMPPLLEEMMEENNTTAATTIIOONN  AANNDD  IINNTTEEGGRRAATTIIOONN  
 
4.1 PERIODIC GMP IMPLEMENTATION MEETINGS 
Working with other Basin stakeholders, EBMUD will review the progress made implementing the 
GMP. Stakeholders will hold meetings to facilitate the review process, tentatively assumed to be 
annual State of the Basin meetings. Those meetings will discuss the groundwater conditions in the 
SEBP Basin area and document groundwater management activities from the previous year. Much 
of the data reviewed as part of preparing annual State of the Basin summaries will come from the 
monitoring and successful implementation of the action items as developed and detailed in Section 
3.0 of this GMP.  
 
During periods where significant changes have occurred within the Basin, the stakeholders (as an 
action item following the State of the Basin meeting) may elect to craft a summary report. That 
summary will document conditions that have occurred since last State of the Basin meeting. The 
report may include: 
 
 A summary of monitoring results that includes a discussion of historical trends and an 

interpretation of water quality and groundwater elevation data. 
 A summary of management actions during the period covered by the report. 
 A discussion of the need (if any) to collected additional groundwater basin data to aid in the 

analysis of conditions observed. 
 A discussion, supported by monitoring results, of whether management actions are achieving 

progress in meeting Basin management objectives. 
 A discussion of the need to modify any GMP component, including the Basin management 

objectives. 
 

Description of Action 
Implementation Schedule 

(approximate time for 
commencing activity 

following GMP adoption) 

I. Stakeholder Involvement 
Involving the Public 
 Continue efforts to encourage public participation 

as opportunities arise. 
 Reach out to local and business communities via 

EBMUD’s Bayside Groundwater Project’s 
Community Liaison Group. 

 Assist stakeholders in disseminating the 
information through other various public forums. 

On-going 
 
6 months 
 
 
6 months 

Coordinate with State and Federal Agencies 

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

 Coordinate GMP implementation activities with 
local, state and federal agencies as appropriate. 

On-going 
 
On-going 
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Pursuing Partnership Opportunities 

 Continue to foster partnership opportunities to 
achieve both local supply reliability and broader 
regional and statewide benefits. 

 Continue to seek grant opportunities to fund local 
projects that can improve groundwater 
management and improve local water 
infrastructure. 

On-going 
 
 
On-going 

II. Monitoring Programs 
Groundwater Elevation Monitoring 

 Use CASGEM groundwater elevation monitoring 
guidelines for water level data collection. 

 Provide stakeholder agencies with guidelines on 
the collection of water quality data as per USEPA 
sampling standards. 

 Assist stakeholders in developing and 
implementing monitoring programs. 

 Coordinate with stakeholder agencies to develop 
standardized reference elevations for monitoring 
wells. 

 Coordinate with stakeholders and request that the 
timing of water level data collection occur on or 
about April 15 and October 15 of each year. 

 Provide a period assessment of groundwater 
elevation trends and conditions to stakeholders. 

 Assess the adequacy of the groundwater elevation 
monitoring network periodically. 

On-going 
 
On-going and as needed 
 
 
On-going and as needed 
 
On-going and as needed 
 
 
On-going 
 
 
On-going 
 
12 months 

Groundwater Quality Monitoring Programs 

 Coordinate with stakeholders in using 
standardized water quality sampling protocols. 

 Monitor stakeholder’s existing monitoring well 
network for purposes of groundwater quality 
monitoring. 

 Collaborate with local, state, and federal agencies 
such as USGS to identify opportunities to continue 
conducting water quality analyses in less known 
areas of the basin. 

 Review and assess the effectiveness of the 
groundwater quality monitoring program 
periodically and recommend improvements as 
necessary. 

 Develop a GIS based groundwater quality 
database. 

 Apply for state and federal grants to collect, 
compile and integrate groundwater quality data. 

On-going and as necessary 
 
On-going 
 
 
On-going 
 
 
 
12 months 
 
 
 
12 months (if grant funding 
is available) 
12 months (depending on 
grant program 
opportunities) 
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Subsidence Monitoring Program 
 Periodically re-survey the established reference 

elevations at groundwater monitoring stations. 
 Collaborate with state and federal agencies, 

particularly the USGS, to collect and analyze land 
surface movement data for potential land surface 
subsidence using various methodologies including 
InSAR remote sensing. 

36 months (if grant funding 
is available) 
 
36 months (if grant funding 
is available) 

III. Groundwater Management Tools 

Groundwater Resources Protection 

 Ensure that all stakeholders are provided a copy of 
the county well ordinance and understand the 
proper well construction procedures. 

 Support ACPWA in adopting the updated well 
ordinance. 

 Support stakeholders in educating the public about 
the updated well standards and in adopting local 
ordinances to implement those well standards. 

6 months+ (assumes 
county passes new well 
ordinance) 
 
3 months 
 
6-12 months 

Wellhead Protection 
 Obtain an updated coverage of potentially 

contaminating activities and provide that 
information to stakeholders. 

 Share current wellhead protection measures and 
provide a summary of actions taken by others as a 
tool in managing their individual wellhead 
protection programs. 

24 months 
 
 
24 months 

Protecting Recharge Areas 

 Inform and assist groundwater authorities and land 
use planners to consider the need to protect 
prominent groundwater recharge areas in the land 
use planning process. 

24 months 

Groundwater Contamination 

 If contaminants exceeding water quality standards 
are detected in monitoring wells, initiate facilitation 
between the responsible parties and the potentially 
impacted stakeholders to manage the 
contamination. 

 Inform and coordinate with SFRWQCB and DTSC 
to encourage these agencies to take necessary 
actions. 

On-going and as needed 
 
 
 
 
On-going and as needed 
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IV. Groundwater Sustainability  

Public Outreach and Involvement 
 Hold an annual stakeholders workshop whereby 

the matter of public involvement is a standing 
agenda item. 

 Agency leads for GMP implementation shall work 
with other stakeholders to assure continued 
communication following GMP adoption (including 
participation in discussions with stakeholders, 
electeds and staff). 

 Make available printed copies of the GMP at select 
public libraries within the basin footprint. 
 

 Alert the public as to the availability of an 
electronic version of the GMP (by mentioning it in 
existing newsletters, newspaper articles, etc.). 

 Maintain the EBMUD-hosted website for the SEBP 
basin GMP. 

 Through the stakeholders group, develop a 
coordinated outreach plan to inform the public and 
key electeds. 

 Present GMP details at community forums, in 
conjunction with existing neighborhood outreach 
efforts. 

12 months 
 
 

3 months 
 
 
 

3 months 
 
 

1 month – 12 months 
 
 

On-going 
 

3 months 
 
 

3-12 months 

 
4.2 FUTURE REVIEW OF THE SEBP BASIN GMP 
This GMP is intended to be a framework for future coordinated management efforts in the South 
East Bay Plain area. As such, many of the identified actions will likely evolve as the stakeholder 
agencies begin to work together to cooperatively manage and learn more about the basin. Over time, 
and in the event that the basin usage grows such that it becomes an even greater relied-upon 
resource to the various stakeholders, the potential need for a more formal groundwater management 
entity may be considered.  
 
There is the potential, as described in section 4.1, that additional actions could also be identified as 
part of the GMP implementation periodic review process. The 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 meeting the overall goal of the plan.  
 
4.3 FINANCING 
Implementation of the GMP, as well as many other groundwater management-related activities 
could be funded from a variety of sources including in-kind services by agencies; state or federal 
grant programs; and local, state, and federal partnerships. Some of the items that would require 
additional resources include: 
 
 Monitoring for groundwater quality or elevations in non-purveyor wells 
 Preparation of GMP annual reports 
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 Updates of the overall GMP 
 Updates of data sets and recalibration/improvement of the groundwater model produced 

for the SEBP Basin 
 Collection of additional subsidence data (beyond what EBMUD is required to collect as part 

of its operation of their Bayside Groundwater Project Phase 1) 
 Construction of monitoring wells where critical data gaps exist 
 Stream-aquifer interaction studies 
 Implementation of the GMP including: 

− Committee coordination 
− Project management 

 
4.4 INTEGRATED WATER RESOURCES MANAGEMENT 
Integration of various water management programs that are underway in the Bay Area is a complex 
activity, as part of the update of the Bay Area Integrated Regional Water Management Plan (Bay 
Area IRWMP). The Bay Area IRWMP will reference the GMP effort and document moving 
forward as part of the periodic updates of the Bay Area IRWMP. 
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MINUTES

Tuesday, May 24, 2011

East Bay Municipal Utility District
Board of Directors
375 Eleventh Street
Oakland, California

Regular Closed Session Meeting

President John A. Coleman called to order the Regular Closed Session Meeting of the Board of
Directors at 11:03 a.m. in the Administration Center Board Room.

ROLL CALL

Directors Katy Foulkes, Andy Katz, Doug Linney, Lesa R. Mclntosh, Frank Mellon, William
B. Patterson, and President John A. Coleman were present at roll call.

Staff present included General Manager Alexander R. Coate, General Counsel Jylana Collins,
Director of Water and Natural Resources Richard G. Sykes (Item la), Assistant General
Counsel Craig Spencer (Item la), Attorney Karen Donovan (Item la), Attorney Derek
McDonald (Item la), Assistant General Counsel Veronica Fauntleroy (Item 2), and Director of
Wastewater David R. Williams (Item 2).

PUBLIC COMMENT

There was no public comment.

ANNOUNCEMENT OF CLOSED SESSION AGENDA

President Coleman announced the Closed Session agenda. The Board convened to Conference
Room 8A/B for discussion.

Regular Business Meeting

President John A. Coleman called to order the Regular Business Meeting of the Board of
Directors at 1:17 p.m. in the Administration Center Board Room.

ROLL CALL

Directors Katy Foulkes, Andy Katz, Doug Linney, Lesa R. Mclntosh, Frank Mellon, William
B. Patterson, and President John A. Coleman were present at roll call.

Staff present included General Manager Alexander R. Coate, General Counsel Jylana Collins,
and Secretary of the District Lynelle M. Lewis.
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BOARD OF DIRECTORS

President Coleman led the Pledge of Allegiance.

ANNOUNCEMENTS FROM CLOSED SESSION

The Board, in closed session this morning, by a unanimous vote of the Directors attending,
decided not to file an appeal in the litigation entitled "Foothill Conservancy versus EBMUD,"
and to set aside the certification of Program EIR for the Water Supply Management Program
2040 and related project approvals, and to take further actions consistent with the court's ruling.

There were no other announcements required from closed session.

PRESENTATIONS

General Manager Alexander R. Coate announced the winners of the 2011 Employee Excellence
Awards. He said that the following employees were nominated and selected by their fellow
employees for their outstanding performance and achievements and each one has contributed to
the District's success in a variety of important ways:

Cost Savings Achievement — Colin Moy, Environmental Health and Safety Specialist II;
Creativity and Innovation ~ Bill Jeng, Associate Civil Engineer; Customer Service ~
Bryan Dilts, Assistant Engineer; Employee Leadership ~ Timothy McGowan, Associate
Civil Engineer; Environmental Excellence -- Derek Lee, Senior Environmental Health and
Safety Specialist; Safety Excellence — Christian Dembiczak, Environmental Health and
Safety Specialist II; Management Achievement — Antonio Martinez, Construction
Maintenance Superintendent; Management Excellence — Roberto Cortez, Assistant
Superintendent, Aqueduct; Outstanding Performers — Benjamin Bray, Assistant Water
Resources Specialist; David Beyer, Senior Civil Engineer; Edward Chang, Associate Civil
Engineer; Linda Connolly, Senior Administrative Clerk; Michael Heaton, Wastewater Shift
Supervisor; Joseph Kacyra, Assistant Engineer; Thomas Kruase, Electrical Technician;
Martin Liu, Associate Civil Engineer; Robert Nishita, Gardener II; Danielle Roybal-Alviz,
Senior Water Treatment Operator; Martin Sargent, Electrical Technician; James F. Smith,
Superintendent of Water Treatment; Team Achievement — Upper San Leandro Raw Water
Control Infrastructure Emergency Repair Team, David J. Cherniss, Maintenance
Machinist, Team Leader; Andrew A, Akelman, Manager of Purchasing; Sandra R. Beecher,
Senior Environmental Health & Safety Specialist; Jeffrey L. Brissey, Crane Operator; Adam
C. Erlach, Maintenance Machinist; Matthew T. Guihan, Associate Civil Engineer; Mark
Lewis, Associate Corrosion Control Specialist; Sean C. Lyons, Maintenance Machinist;
Richard L. Parks, Stores Supervisor; Craig N. Percival, Maintenance Machinist; Jimmie
Rangel Assistant Construction & Maintenance Superintendent; David S. Salazar, Maintenance
Machinist; Richard H. Wilson, Associate Mechanical Engineer; Elvester Woods, Pipeline
Welder III; and Steven E. Wright, Maintenance Machinist; Team Achievement — Get The
Lead Out!, Randele Kanouse, Special Assistant IV, Team Leader; Marlaigne Dumaine,
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Special Assistant I; Joel Freid, Attorney III; Paul Gilbert-Synder, Associate Civil Engineer;
Ronald Hunsinger, Manager of Water Quality; Eugene Lacatis, Maintenance Machinist;
Jennifer McGregor, Associate Civil Engineer; Phillip Munoz Jr., Mechanical Supervisor;
Rick Sakaji, Manager of Regulatory Planning; Richard Sykes, Director of Water and Natural
Resources, and Steven Wright, Maintenance Machinist; Teamwork — Camanche
Powerhouse PLF Upgrade Team, David C. Oldham, Power & Treatment Plant Maintenance
Supervisor - Team Leader; Roberto R. Davis, Electrical Technician; Douglas A. Hooper,
Instrument Technician; Lorenzo Reyes, Hydroelectric Power Plant Operator II; Teamwork —
Print Shop Team, Joselito Jacob, Senior Printing Technician, Team Leader; Scott Pelkey,
Printing Technician II; and Enrique Romero, Printing Technician II.

President Coleman presented the awards the winners. The Board thanked the winners for their
hard work during this time of budget cuts and staff reductions and applauded them for their
accomplishments. General Manager Coate invited the Board and staff to a reception to honor the
winners immediately following the Board meeting.

PUBLIC COMMENT

There was no public comment.

CONSENT CALENDAR

— Item 8 was pulled from the Consent Calendar by Director Katz.

• Motion by Director Mclntosh, seconded by Director Linney, to approve Items 1-7 and 9
on the Consent Calendar, carried (7-0) by voice vote.

1. Motion No. 058-11 — Approved the Regular Meeting Minutes of May 10, 2011.

2. The following documents were filed with the Board: 1) Memorandum dated May 24,2011,
to Board of Directors from Alexander R. Coate, General Manager, regarding the State
Budget and Property Tax Update; 2) Presentation entitled "Board Meeting Presentation of
Winners," dated May 24, 2011; 3) Presentation entitled "South East Bay Plain
Groundwater Basin, Groundwater Management Plan," dated May 24, 2011; 4) Presentation
entitled "Water Supply & Consumption, Water Supply Engineering," dated May 24,2011;
and 5) Memorandum dated May 24, 2011, to Board of Directors from Alexander R. Coate,
General Manager, regarding Speaking Points Regarding WSMP 2040 Action.

3. Motion No. 059-11 — Awarded a contract to the lowest responsive/responsible bidder,
Abhe & Svoboda, Inc., in the amount of $6,183,310 for construction of Recoat
Mokelumne Aqueducts Phase 8 — Slough Crossings under Specification 2033.

4. Motion No. 060-11 — Authorized an agreement with the Civicorps (formerly East Bay
Conservation Corps) in an amount not to exceed $429,000 to provide vegetation control
and related duties at various District properties for a period of one year beginning July 1,
2011 through June 30, 2012.
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5. Motion No. 061-11 — Authorized an agreement with Pacific States Marine Fisheries
Commission in an amount not to exceed $250,000 annually for a marking/tagging and
recovery program for Chinook salmon and steelhead trout at the Mokelumne River Fish
Hatchery during the period July 1, 2011 to June 30, 2016.

6. Motion No. 062-11 ~ Authorized agreements with the following vendors to provide
tree trimming and related services for an estimated total annual amount of $350,000 for
the period July 1, 2011 through June 30, 2013, with three options to extend for
additional one-year periods: Bartlett Tree Experts, Bob Fine Brush Grinding, Chandler
Complete Tree Care, D & H Landscaping, Draft Horses for Hire, Evergreen Tree
Service, Foothill Tree Service, Hamilton Tree Service, Labat's Tree Care, Larry's Tree
Care Inc., Professional Tree Care Co., Reliable Tree Experts, RMT Landscape, and
Yard Care Professionals. Authorized additional agreements with companies that meet
District standards and offer pricing at or below the range described in the current
proposed agreements to increase flexibility and ensure vendor availability pursuant to
this recommendation.

7. Motion No. 063-11 — Authorized an amendment to the agreement with the Alameda
County Public Works Agency (County) in an amount not to exceed $235,000 to perform
additional work associated with the relocation of approximately 1,000 feet of 8-inch
diameter pipeline as part of the County's Castro Valley Boulevard Street Improvement
project.

8. Motion No. 064-11 ~ Authorized a Memorandum of Agreement between EBMUD and
the Alameda County Flood Control and Water Conservation District - Zone 7, the
Contra Costa Water District, the City and County of San Francisco Public Utilities
Commission, and the Santa Clara Valley Water District to conduct further analysis of
the Mallard Slough site for the Bay Area Regional Desalination Project at a cost to
EBMUD of $200,000 in staff time.

— Item 8 was pulled from Consent Calendar by Director Katz.

» Motion by Director Mclntosh, seconded by Director Patterson, to approve the
recommended action, carried, (6-0-1) with Director Katz abstaining from the vote.

9. Resolution No. 33817-11 — Authorizing The Execution Of A Ten-Year License
Agreement With The East Bay Regional Park District For The Continued Use Of
District-Owned Watershed Property For An Access Road To Kennedy Grove Regional
Park.

PUBLIC HEARING

10. Conduct A Public Hearing To Receive Comments On Intent To Prepare A
Groundwater Management Plan Covering The South East Bay Plain Basin.

President Coleman opened the Public Hearing at 1:30 p.m.
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Manager of Water Supply Improvements Michael Tognolini reported that EBMUD
intends to prepare a Groundwater Management Plan (GMP) to manage and protect
water quality and quantity in the South East Bay Plain Basin (SEBP) for potable uses.
By preparing a GMP, he said EBMUD will take a leadership role in monitoring and
managing the groundwater basin.

Mr. Tognolini highlighted the benefits of this effort, and he noted that the GMP will
be of great value if and when EBMUD pursues the Bayside Phase 2 project.
Preparation of the GMP is expected to take up to two years to complete, following
Board adoption of a resolution of intent. Elements of the GMP will include basin
delineation and characterization, establishment of basin objectives, description of
monitoring activities, identification of management activities, and stakeholder
participation. District staff will prepare the GMP, but depending on initial findings,
some elements such as groundwater model development may require consultant
support.

The Board asked no questions and President Coleman closed the Public Hearing at
1:41 p.m.

DETERMINATION AND DISCUSSION

11. Adopt A Resolution Of Intent To Prepare A Groundwater Management Plan
Covering The South East Bay Plain Basin.

• Motion by Director Foulkes, seconded by Director Linney, to approve the recommended
action, carried (7-0) by voice vote.

Resolution No. 33818-11 — Declaring The Intent To Prepare A Groundwater
Management Plan For The South East Bay Plain Groundwater Basin And Adopt A
Statement Of Public Participation.

12. Legislative Update.

Special Assistant Marlaigne Dumaine reported that Governor Jerry Brown had released
his "2011-12 May Revision to the Governor's Budget" (May Revise). The May Revise
includes a combination of cuts and revenues to address an outstanding $10.8 billion deficit.
She noted that the deficit figure was $6 billion lower than the earlier estimate due to higher
than anticipated tax revenues. Additionally, she noted that the May Revise relies on the tax
extensions which were proposed in the governor's earlier budget and would need to be
approved by voters. It also continues to propose the elimination of redevelopment agencies
and includes additional program cuts, such as additional health spending reductions.

Ms. Dumaine said the legislature will now consider the May Revise as they work to
develop and pass a final state budget. The constitutional deadline for the legislature to act
on the budget is June 15. With the passage of Proposition 25 in November 2010, the
legislature may now pass the budget with a majority vote. The consequences for the failure
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to meet the June 15 deadline are the legislature's forfeiture of pay and travel and living
reimbursements until a budget is passed and sent to the governor. Ms. Dumaine pointed
out that despite the unanticipated $6 billion in tax revenues, the state budget situation
remains dire and there is tremendous uncertainty regarding property tax revenues and
whether the June 15 deadline will be met.

13. General Manager's Report.

Manager of Water Supply Eileen White presented an update on current water supply and
recent consumption. She reported that precipitation and water content in the mountain
snowpack have given us a good supply year. She also reported that although
consumption had recently risen slightly, customers have changed their water use patterns
since the last drought. Next, General Manager Coate presented the Board with speaking
points regarding the current status of WSMP 2040. The Board asked no questions.

REPORTS AND DIRECTOR COMMENTS

13. Committee Reports.

- Filed with the Board were the EBMUD/EBRPD Liaison Committee Minutes of April 15,
2001 and the Planning Committee and the Legislative/Human Resources Committee
Minutes of May 10, 2011.

14. Director Comments.

Director Foulkes reported attending the following events: ACWA Spring Conference
in Sacramento May 11-13; Piedmont City Council meeting on May 16; and the ACWA
Region 5 meeting in Sacramento on May 22-23 that included a tour of the Sacramento
River and Freeport Facility.

Director Katz reported attending a meeting with the City of Emeryville Public Works
officials on May 12 and the Alameda Labor Council Annual Gala on May 20.

Director Linney had no comment.

Director Mclntosh had no comment.

Director Mellon reported attending the following events: Alameda County Planning
Commission in Castro Valley on May 2; Teamsters Assistance Program fundraiser on
May 4; ACWA Spring Conference awards luncheon in Sacramento on May 12; Roswell
Rodeo Parade in Castro Valley on May 14; and the ACWA Region 5 tour of the Freeport
Facility on May 23. He announced that EBMUD received the Clair Hill award at the
ACWA Spring Conference and he congratulated staff on this accomplishment.

Director Patterson reported attending the ACWA Spring Conference in Sacramento on
May 11-13.

President Coleman reported attending the following events: ACWA Spring Conference
in Sacramento May 11-13; Lafayette Rotary Club at Lafayette Reservoir on May 14;
Lafayette Rotary Club Groundbreaking ceremony at Lafayette Reservoir on May 19;
Contra Costa Council Board meeting in Richmond on May 20; and the ACWA Region 5
meeting in Sacramento on May 22. He noted his upcoming schedule includes attendance
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at the following events: SIRS in Moraga on June 1; California State Chamber reception
in Sacramento on June 1-2; United States Army Corps of Engineers change of command
in Marin County on June 3; and the Upper Mokelumne River Water Authority conference
call on June 10.

ADJOURNMENT

President Coleman adjourned the meeting at 2:00 p.m.

SUBMITTED BY:

^ 7 /TU^t^J
^ys&lle'M. Lewis, Secretafy of the District

APPROVED: June 14, 2011

John A. Coleman, President of the Board
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RESOLUTION NO. 33818-11

DECLARING THE INTENT TO PREPARE A GROUND WATER MANAGEMENT
PLAN FOR THE SOUTH EAST BAY PLAIN GROUND WATER BASIN AND

ADOPT A STATEMENT OF PUBLIC PARTICIPATION

Introduced by Director Foulkes ; Seconded by Director Linney

WHEREAS, the California Legislature enacted Assembly Bill 3030 and Senate Bill
1938, as set forth in Water Code Section 10750, et seq., to provide local public agencies
the authority to implement groundwater management plans and be eligible for grant funds
for groundwater related projects; and

WHEREAS, the State has emphasized local agency development of integrated regional
solutions for water management and coordinating conjunctive management of surface
and groundwater to improve regional supply, reliability and quality of water; and

WHEREAS, groundwater is a valuable natural resource in California and should be
managed to ensure both its safe production and quality; and

WHEREAS, through the operation of the Bayside Groundwater Project Phase 1, the
District will use water as stored in the South East Bay Plain Groundwater Basin (SEBP
Basin) during times of drought; and

WHEREAS, the District has identified an expanded Bayside Groundwater Project as a
potential future supplemental water supply; and

WHEREAS, there currently is no groundwater management plan in place to protect and
sustain the SEBP Basin; and

WHEREAS, through the preparation of a groundwater management plan for the SEBP
Basin, EBMUD along with other SEBP Basin stakeholders can collaborate on basin
management objectives; and

WHEREAS, the District intends to prepare, adopt, and implement the SEBP Basin
groundwater management plan in accordance with State law.



NOW, THEREFORE BE IT RESOLVED by the Board of Directors of the East Bay
Municipal Utility District that:

1. The Board intends to prepare, adopt, and implement a groundwater management
plan for the South East Bay Plain Groundwater Basin. The plan will include
basin management objectives and management actions.

2. The District further intends to provide for and encourage public and stakeholder
involvement in the preparation of the Groundwater Management Plan.

ADOPTED this 24th day of May, 2011 by the following vote:

AYES:

NOES: None.

Directors Foulkes, Katz, Linney, Mclntosh, Mellon, Patterson and
President Coleman.

ABSTAIN: None.

ABSENT: None.

V— -A*.
President

ATTEST:

4^o<g->

Y Secretary

APPROVED AS TO FORM AND PROCEDURE:

General Counsel
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INTRODUCTION TO THE CASGEM PROGRAM 
 
On November 4, 2009 the state legislature amended the Water Code with SB 6, which 
mandates a statewide, locally-managed groundwater elevation monitoring program to 
track seasonal and long-term trends in groundwater elevations in California’s 
groundwater basins.  To achieve that goal the amendment requires collaboration 
between local Monitoring Entities and the Department of Water Resources (DWR) to 
collect groundwater elevation data. In accordance with the amendment, DWR 
developed the California Statewide Groundwater Elevation Monitoring (CASGEM) 
program.  
 
If no local entities volunteer to monitor groundwater elevations in a basin or part of a 
basin, DWR may be required to develop a monitoring program for that part. If DWR 
takes over monitoring of a basin, certain entities in the basin may not be eligible for 
water grants or loans administered by the state.  
 
DWR will report findings of the CASGEM program to the Governor and the Legislature 
by January 1, 2012 and thereafter in years ending in 5 or 0. 

PURPOSE OF GUIDELINES FOR DWR MONITORING 
 
The following Guidelines were developed to assist DWR by establishing criteria for the 
selection and measurement of monitoring wells in the event that DWR is required to 
perform the groundwater monitoring functions in lieu of a local monitoring agency 
pursuant to Water Code Section 10933.5(a).  
 
The primary objective of the CASGEM monitoring program is to define the seasonal and 
long-term trends in groundwater elevations in California’s groundwater basins. The 
scale for this evaluation should be the static, regional groundwater table or 
potentiometric surface. A secondary objective is to provide sufficient data to draw 
representative contour maps of the elevations. These maps could be used to estimate 
changes in groundwater storage and to evaluate potential areas of overdraft and 
subsidence. 
 
Although it is not an objective of the CASGEM program, it would be valuable to include 
monitoring wells near localized features that impact more dynamic groundwater 
elevations. These features would include wells near aquifer storage and recovery 
projects, near high volume pumping wells, and near rivers.  
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NETWORK DESIGN CONCEPTS 

SELECTION OF MONITORING WELLS FOR MONITORING PLANS 
 
The number of groundwater wells that need to be monitored in a basin to adequately 
represent static water levels (and corresponding elevations) depends on several factors, 
some of which include:  the known hydrogeology of the basin, the slope of the 
groundwater table or potentiometric surface, the existence of high volume production 
wells and the frequency of their use, and the availability of easily-accessible monitoring 
wells.  Dedicated groundwater monitoring wells with known construction information are 
preferred over production wells to determine static water levels, and monitoring wells 
near rivers or aquifer storage and recovery projects should be avoided due to the 
potential for rapidly fluctuating water levels and engineered groundwater systems. The 
selection of wells should be aquifer-specific and wells which are screened across more 
than one aquifer should not be candidates for selection.  
 
Heath (1976) suggested a density of groundwater monitoring wells ranging from 2 wells 
per 1,000 square miles (mi2) for a large area in which only major features are to be 
mapped, to 100 wells per 1,000 mi2 for a complex area to be mapped in considerable 
detail.  The objective of the Heath (1976) design was to evaluate the status of 
groundwater storage and the areal extent of aquifers.   
 
Sophocleous (1983) proposed a redesign of a water-level monitoring program for the 
state of Kansas based on efficiency, economics, statistical analysis, comparison of 
water-level hydrographs, and consistency across the state.  The Sophocleous study 
recommended a “square well network” with a density of 1 observation well per 16 mi2.   
 
The Texas Water Development Board proposed varying well network densities for 
counties according to the amount of groundwater pumpage.  These densities range 
from 0.7 wells per 100 mi2 for counties with 1,000-2,500 acre-feet per year (AF/yr) of 
pumpage to 4 wells per 100 mi2 for counties with over 100,000 AF/yr of pumpage  
(Hopkins, 1994). These densities were converted to pumpage per 100 mi2 area by 
dividing by the size of an average county in Texas of about 1,000 mi2 (Table 2) 
 
Most designs of water-level monitoring programs rely on a probabilistic approach.  Alley 
(1993) discussed four probabilistic designs: (1) simple random sampling throughout an 
aquifer; (2) stratified random sampling within different strata of an aquifer; (3) systematic 
grid sampling (e.g., at the midpoint of each section within an aquifer); and (4) random 
sampling within blocks (e.g., randomly selected wells within each section of an aquifer).  
The Sophocleous (1983) program used the third approach, systematic grid sampling.   
The guidelines on well density from the programs mentioned above are summarized in 
Table 2. 
 
Based on the few referenced studies with specific recommendations, the consensus 
appears to fall between 2 and 10 groundwater monitoring wells per 100 mi2.  The 
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exceptions to this density range include the lower end of the Heath (1976) range and 
the low-use counties in Texas. 
 
There will always be a tradeoff between the improved spatial (and temporal) 
representation of water levels in an aquifer and the expense of monitoring.  A higher-
resolution contour map would be warranted in an area with a greater reliance upon 
groundwater in order to anticipate potential problems, such as supply and groundwater 
contamination concerns, while a lower-resolution contour map might be sufficient in an 
area with few people or a low reliance upon groundwater. Ideally, areas with relatively 
steep groundwater gradients or areas of high recharge or discharge would have a 
greater density of monitoring wells. 
 
The illustrations in Figure 1 show a local groundwater elevation contour map developed 
with different numbers of wells.  The examples cover the same area and use the same 
dataset, with wells randomly deleted by grid area from the full dataset to create a less 
dense network of wells. The resulting range of plotting density is 2 to 20 groundwater 
monitoring wells per 100 mi2. The contours in Figure 1 show how the accuracy and 
resolution of the contour map increases with the density of wells used for plotting. To 
avoid presenting misleading contour maps, only wells with the best possible elevation 
accuracies should be used. These accuracies are a combination of the accuracies in 
the water-level measurement and the reference point (RP) measurement. Unless the 
RP elevation has been surveyed, it will be the limiting factor on elevation accuracy. 
 

 
 
 

Program and(or) Reference 
Density of monitoring wells 

(wells per 100 mi2) 
Heath (1976)  0.2 – 10 
Sophocleous (1983)  6.3 
Hopkins (1994) 
(a) Basins with >10,000 AF/yr groundwater pumping per 100 
mi2 area 

4.0 

(b) Basins with 1,000‐10,000 AF/yr groundwater pumping 
per 100 mi2 area 

2.0 

(c) Basins with 250‐1,000 AF/yr groundwater pumping per 
100 mi2 area 

1.0 

(d) Basins with 100‐‐250 AF/yr groundwater pumping per 
100 mi2 area 

0.7 

 
Table 1.  Recommended density of monitoring wells for groundwater-level monitoring 
programs. 
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FREQUENCY OF WATER‐LEVEL MEASUREMENTS 
 
To determine and define seasonal and long-term trends in groundwater levels a 
consistent measurement frequency must be established.  At minimum, semi-annual 
monitoring of the designated wells in each basin or subbasin should be conducted to 
coincide with the high and low water-level times of year for each basin.  However, 
quarterly- or monthly-monitoring of wells provides a better understanding of 
groundwater fluctuations.  The DWR office responsible for monitoring a particular basin 
should use independent judgment to determine when the high and low water-level times 
occur in a groundwater basin, and to provide a justification for measurement rationale.  
The semi-annual frequency is a compromise between more frequent measurements 
(continuous, daily, monthly, or quarterly) and less frequent measurements (annual).  A 
good discussion of water level measurement frequency and other issues related to the 
design of water-level monitoring programs can be found in the USGS Circular 1217 
(Taylor and Alley, 2001). 
 
An example of the effect of different measurement frequencies on the water-level 
hydrographs in a Northern California well is shown in Figure 2.  The data shows that 
higher-frequency monitoring (e.g., daily or monthly) best captures the seasonal 
fluctuations in the groundwater levels, quarterly monitoring identifies some of the 
elevation change, but semi-annual measurements often miss the true seasonal highs 
and lows. 
 

 
 
Figure 2.  Groundwater Hydrographs – Groundwater elevation changes in a monitoring 
well over time comparing various measurement frequencies. 
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The Subcommittee on Ground Water of the Advisory Committee on Water Information 
generally recommends more frequent measurements than are being required by the 
CASGEM program; quarterly to annually for aquifers with very few groundwater 
withdrawals, monthly to quarterly for aquifers with moderate groundwater withdrawals, 
and daily to monthly for aquifers with many groundwater withdrawals (Table 2).  The 
general effect of environmental factors on the recommended measurement frequency is 
illustrated in Figure 3. 

 

 Measurement 
Type 

Aquifer Type 
Nearby Long‐Term Aquifer Withdrawals 

Very Few 
Withdrawals 

Moderate 
Withdrawals 

Many 
Withdrawals 

Baseline 
Measurements 

All aquifer types 
Once per 
month 

Once per day  Once per hour

Surveillance 
Measurements 

All aquifer types: 
“low” hydraulic 
conductivity  
(<200 ft/d),  
“low” recharge  
(<5 in/yr) 

Once per year 
Once per 
quarter 

Once per 
month 

All aquifer types: 
“high” hydraulic 
conductivity  
(>200 ft/d),  
“high” recharge  
(>5 in/yr) 

Once per 
quarter 

Once per 
month 

Once per day 

Data made 
available to 
NGWMN 

All aquifer types, 
throughout range of 
hydraulic conductivity 

As stored in 
local 

database, but 
at least 
annually 

As stored in 
local 

database, but 
at least 
annually 

As stored in 
local 

database, but 
at least 
annually 

 
 
Table 2. Information on recommended minimum water-level measurement frequency 
from the Subcommittee on Ground Water of the Advisory Committee on Water 
Information (2009) (abbreviations: ft/d, feet per day; in/yr, inches per year; NGWMN, 
National Ground Water Monitoring Network). NOTE: These are not recommendations of 
the CASGEM program. 
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Figure 3.  Common environmental factors that influence the choice of frequency of 
water-level measurements (from Taylor and Alley, 2001). 
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FIELD GUIDE

INTRODUCTION 

LINES FOR CASGEM WATER-LEVEL MEASUREMENTS 

 
This document presents guidelines for measuring groundwater levels in wells for the 
CASGEM program to ensure consistency between DWR offices. Following these 
guidelines will help ensure that groundwater level measurements are accurate and 
consistent in both unconfined and confined aquifers. Although a well network comprised 
entirely of dedicated monitoring wells (hereafter referred to as monitoring wells) is 
preferred, by necessity active production wells used for irrigation or domestic purposes 
and abandoned production wells that were used for domestic, irrigation, and public 
supply purposes will also need to be included.  The portions of these guidelines that 
apply to only production wells will be shown in bold throughout. DWR does not 
currently plan to include public supply wells in the CASGEM well networks due to 
security concerns of the California Department of Public Health. 
 
The main reference used for these guidelines is the United States Geological Survey 
(USGS) National Field Manual (NFM) (U.S. Geological Survey, 2006). The final report 
of the Subcommittee on Groundwater (SOGW) of the Advisory Committee on Water 
Information was also used as a main reference, although in general it relied on the 
USGS guidelines (Subcommittee on Ground Water of the Advisory Committee on Water 
Information, 2009). The water-level measurement portion of the USGS guidelines were 
written for monitoring wells and not for production wells (Taylor and Alley, 2001; U.S. 
Geological Survey, 2006). Thus, although the USGS guidelines have been adopted with 
only minor modifications for the monitoring well guidelines of the CASGEM program, 
additional modifications have been incorporated in the guidelines for production wells. 
The most significant changes made to the USGS guidelines for production wells 
are: (1) reducing the required precision for consecutive depth to water 
measurements, (2) checking for obstructions in the well, and (3) not attaching 
weights to the steel tape so as not to hang up on obstructions.  
 
The guidelines presented in this document are for the use of steel tape, electric 
sounding tape, sonic water-level meters, or pressure transducers. Although the semi-
annual measurements required by the CASGEM program can be satisfied with the use 
of a steel or electric sounding tape or sonic meter, a pressure transducer with a data 
logger provides a much better picture of what is happening with water levels over time. 
The use of the air-line or flowing-well methods should not be needed in most basins. 
However, if they are, guidelines for these methods are available in sections A4-B-4 
(pages B17-B20) and A4-B-5 (pages B21-B24), respectively of the NFM (U.S. 
Geological Survey, 2006).  
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ESTABLISHING THE REFERENCE POINT 
 
Water-level measurements from a given well must be referenced to the same datum 
(the reference point, or RP) to ensure data comparability (see Figure 4). For monitoring 
wells, the RP should be marked on the top of the well casing. For production wells, the 
RP will most likely be the top of the access tube or hole to the well casing. The RP must 
be as permanent as possible and be clearly visible and easily located. It can be marked 
with a permanent marker, paint, imprinting a mark with a chisel or punch, or by cutting a 
slot in the top of the casing. In any case, the location of the RP should be clearly 
described on DWR Form 429 (see Table 3). A photograph of the RP, with clear labeling, 
should be included in the well folder. In some cases, it may be valuable to establish 
multiple RPs for a well, depending on the consistent accessibility of the primary RP. In 
this case, each RP should be clearly described on DWR Form 429 and labeled in the 
field. The RP should be established with the following coordinate system: horizontal 
location (decimal latitude and longitude referenced to the North American Datum of 
1983; NAD83) and vertical elevation (referenced to the North American Vertical Datum 
of 1988; NAVD88, in feet). 
 
The land-surface datum (LSD) is established by the person making the initial water-level 
measurement at the well. The LSD is chosen to represent the average elevation of the 
ground around the well. Because LSD around a well may change over time, the 
distance between the RP and LSD should be checked every 3 to 5 years. If appropriate, 
a concrete well pad or well vault may be chosen as the LSD, since they will be more 
permanent than the surrounding ground surface. 
 
The elevation of the RP can be determined in several ways: (1) surveying to a 
benchmark, (2) using a USGS 7.5’ quadrangle map, (3) using a digital elevation model 
(DEM), or (4) using a global positioning system (GPS). While surveying is the most 
accurate (± 0.1 ft), it is also the most expensive. Depending on the distance to the 
nearest benchmark, the cost can be prohibitive. The latitude and longitude of the well 
can be established accurately using a handheld GPS. From this information, the LSD 
can be located on a USGS quadrangle and the elevation estimated. However, the 
accuracy is only about ± one half of the contour interval. Thus, for a contour interval of 5 
feet, the accuracy of the elevation estimate would be about ± 2.5 feet. The contour 
interval of high quality DEMs is currently about 30 feet. Therefore, the accuracy of using  
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DEMs to determine the elevation of the LSD is about ± 15 feet. While a handheld GPS 
unit is not very accurate for determining elevation, more expensive units with the Wide 
Area Augmentation System can be more accurate. However, GPS readings are subject 
to environmental conditions, such as weather conditions, overhead vegetative cover, 
topography, interfering structures, and location. Thus, the most common method of 
determining the elevation will probably be the use of USGS quadrangles. The method 
used needs to be identified on DWR Form 429 (Table 3). The important matter is that all 
measurements at a well use the same RP, as the elevation of that point can be more 
accurately established at a later date. The equipment and supplies needed for 
establishing the RP are shown in Table 4. 
 
If possible, establish a clearly displayed reference mark (RM) in a location near the well; 
for example, a lag bolt set into a nearby telephone pole or set in concrete in the ground. 
The RM is an arbitrary datum established by permanent marks and is used to check the 
RP or to re-establish an RP should the original RP be destroyed or need to be changed. 
Clearly locate the RP and RM on a site sketch that goes into the well folder (see Table 
3). Include the distance and bearing between the RP and the RM and the height of the 
lag bolt above the ground surface. Photograph the site, including the RP and RM 
locations; draw an arrow to the RP and RM on the photograph(s) using an indelible 
marker, and place the photos in the well file.  
 

Table 4. Equipment and Supply List 

Equipment and supplies needed for (a) all measurements, (b) establishing permanent RP, (c) steel tape 
method, (d) electric sounding tape method, (e) sonic water-level meter, and (f) automated measurements 
with pressure transducer. 
 
(a) All measurements 
 
GPS instrument, digital camera, watch, calculator, and maps 
General well data form (DWR Form 429; see Table 3) 
Pens, ballpoint with non-erasable blue or black ink, for writing on field forms and equipment log books 
Well file with previous measurements 
Measuring tape, graduated in feet, tenths, and hundredths of feet 
Two wrenches with adjustable jaws and other tools for removing well cap 
Key(s) for opening locks and clean rags 
 
(b) Establishing a permanent reference point
 
Steel tape, graduated in feet, tenths, and hundredths of feet 
Calibration and maintenance log book for steel tape 
Paint (bright color), permanent marker, chisel, punch, and(or) casing-notching tool 
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Table 4. Equipment and Supply List (continued) 

(c) Steel tape method 
 
DWR field form 1213 (see Table 5) 
Steel tape, graduated in feet, tenths, and hundredths of feet 
Calibration and maintenance log book for steel tape 
Weight (stainless steel, iron, or other noncontaminating material – do not use lead) 
Strong ring and wire, for attaching weight to end of tape. Wire should be strong enough to hold weight securely, but 
not as strong as the tape, so that if the weight becomes lodged in the well the tape can still be pulled free. 
Carpenters’ chalk (blue) or sidewalk chalk 
Disinfectant wipes, and deionized or tap water for cleaning tape. 
 
(d) Electric sounding tape method 
 
DWR field form 1213 (see Table 5) 
Steel tape, graduated in feet, tenths, and hundredths of feet 
An electric tape, double-wired and graduated in feet, tenths, and hundredths of feet, accurate to 0.01 ft. Electric 
sounding tapes commonly are mounted on a hand-cranked and powered supply reel that contains space for the 
batteries and some device (“indicator”) for signaling when the circuit is closed. 
Electric-tape calibration and maintenance log book; manufacturer’s instructions. 
Disinfectant wipes, and deionized or tap water for cleaning tape. 
Replacement batteries, charged. 
 
(e) Sonic water-level meter method 
 
DWR field form 1213 (see Table 5) 
Temperature probe with readout and cable 
Sonic water-level meter with factory cover plate 
Custom sized cover plates for larger well diameters 
Replacement batteries 
 
(f) Automated measurements with pressure transducer
 
Transducer field form (see Figures 1 and 2 in Drost, 2005: http://pubs.usgs.gov/of/2005/1126/pdf/ofr20051126.pdf ) 
Transducer, data logger, cables, suspension system, and power supply. 
Data readout device (i.e., laptop computer loaded with correct software) and data storage modules. 
Spare desiccant, and replacement batteries. 
Well cover or recorder shelter with key. 
Steel tape (with blue carpenters’ chalk or sidewalk chalk) or electric sounding tape, both graduated in hundredths of 
feet. 
T
e

ools, including high-impedance (digital) multimeter, connectors, crimping tool, and contact-burnishing tool or artist’s 
raser. 
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GUIDELINES FOR MEASURING WATER LEVELS 
 
Monitoring wells typically have a cap on the wellhead. After the cap is removed, the 
open top of the well is easily accessible for sampling water levels and water quality. If 
the well is to be sampled for water quality in addition to water level, the water-level 
measurement should be made before the well is purged. Before discussing the detailed 
measurement steps for different methods, some guidance is provided on the common 
issues of well caps, recovery time after pumping, and cascading water in a well. 
 
Well caps are commonly used in monitoring wells to prevent the introduction of foreign 
materials to the well casing.  There are two general types of well caps, vented and 
unvented.  Vented well caps allow air movement between the atmosphere and the well 
casing.  Unvented well caps provide an airtight seal between the atmosphere and the 
well casing.   
 
In most cases it is preferred to use vented well caps because the movement of air 
between the atmosphere and the well casing is necessary for normal water level 
fluctuation in the well.  If the cap is not vented the fluctuation of groundwater levels in 
the well will cause increased or decreased air pressure in the column of air trapped 
above the water in the casing.  The trapped air can prevent free movement of the water 
in the casing and potentially impact the water level that is measured.  Vented caps will 
allow both air and liquids into the casing so they should not be used for wells where 
flooding with surface water is anticipated or contamination is likely from surface sources 
near the well. 
 
Unvented well caps seal the top of the well casing and prevent both air and liquid from 
getting into the well.  They are necessary in areas where it is anticipated that the well 
will be flooded from surface water sources or where contamination is likely if the casing 
is not sealed.  Because the air above the water in the casing is trapped in the casing 
and cannot equalize with the atmospheric pressure, normal water level fluctuation may 
be impeded.  When measuring a well with an unvented cap it is necessary to remove 
the cap and wait for the water level to stabilize.  The wait time will vary with many 
different factors, but if several sequential water-level measurements yield the same 
value it can be assumed the water level has stabilized.   
 
Unlike monitoring wells, production wells have obstructions in the well unless it 
is an abandoned production well and the pump has been removed. In addition, 
the wellhead is not always easily accessible for monitoring water levels. Since 
pumping from the production wells will create a non-static water level, the water-
level measurement should ideally not be made until the water level has returned 
to static level. However, this recovery time will vary from site to site. Some wells 
will recover from pumping level to static level within a few hours, while many 
wells will take much longer to recover. Some wells will recover from pumping 
level to static level within a few hours, while many wells will take much longer to 
recover. Thus, as a general recommendation, measurements should not be 
collected until 24 hours after pumping has ceased, however, site specific 
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conditions may require deviating from this.  The time since pumping should be 
noted on the field form. 
 
Water may enter a well above the water level, drip or cascade down the inside of the 
well, and lead to false water level measurements.  Sometimes cascading water can be 
heard dripping or flowing down the well and other times it is discovered when water 
levels are abnormally shallow and/or difficult to determine.  Both steel tapes and electric 
sounding tapes can give false readings.  A steel tape may be wet from the point where 
water is entering the well making it hard to see the water mark where the tape intersects 
the water level in the well.  An electric sounding tape signal may start and then stop as it 
is lowered down the well.  If this happens, you can lightly shake the tape.  The signal 
often becomes intermittent when water is running down the tape, but remains constant 
in standing water.  On most electric sounding tapes, the sensitivity can be turned down 
to minimize false readings.  It should be noted when a water level measurement is 
taken from a well with cascading water. 
 
 
(1) Steel Tape Method 

The graduated steel-tape (wetted-tape) procedure is considered to be the most 
accurate method for measuring water levels in nonflowing wells. A graduated steel tape 
is commonly marked to 0.01 foot. When measuring deep water levels (>500 ft), thermal 
expansion and stretch of the steel tape starts to become significant (Garber and 
Koopman, 1968). The method is most accurate for water levels less than 200 feet below 
land surface. The equipment and supplies needed for this method are shown in Table 4. 
 
The following issues should be considered with this method: 
 

• It may be difficult or impossible to get reliable results if water is dripping into the 
well or condensing on the well casing. 

• If the well casing is angled, instead of vertical, the depth to water should be 
corrected, if possible. This correction should be recorded in the field folder. 

• Check that the tape is not hung up on obstructions. 
 

Before making a measurement: 
 
1. Maintain the tape in good working condition by periodically checking the tape for rust, 
breaks, kinks, and possible stretch. Record all calibration and maintenance data 
associated with the steel tape in a calibration and maintenance log book. 
 
2. If the steel tape is new, be sure that the black sheen on the tape has been dulled so 
that the tape will retain the chalk. 
 
3. Prepare the field forms (DWR Form 1213; see Table 5). Place any previous 
measured water-level data for the well into the field folder. 
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4. Check that the RP is clearly marked on the well and accurately described in the well 
file or field folder. If a new RP needs to be established, follow the procedures above. 
 
5. In the field, wipe off the lower 5 to 10 feet of the tape with a disinfectant wipe, rinse 
with de-ionized or tap water, and dry the tape. 
 
6. If possible, attach a weight to the tape that is constructed of stainless steel or other 
noncontaminating material to protect groundwater quality in the event that the weight is 
lost in the well. Do not attach a weight for production wells. 
 
Making a measurement: 
 
1. If the water level was measured previously at the well, use the previous 
measurement(s) to estimate the length of tape that should be lowered into the well. 
Preferably, use measurements that were obtained during the same season of the year. 
 
2. Chalk the lower few feet of the tape by pulling the tape across a piece of blue 
carpenter’s chalk or sidewalk chalk (the wetted chalk mark identifies that part of the tape 
that was submerged).  
 
3. Slowly lower the weight (for monitoring wells only) and tape into the well to avoid 
splashing when the bottom end of the tape reaches the water. Develop a feel for the 
weight of the tape as it is being lowered into the well. A change in this weight will 
indicate that either the tape is sticking to the side of the casing or has reached the water 
surface. Continue to lower the end of the tape into the well until the next graduation (a 
whole foot mark) is at the RP and record this number on DWR Form 1213 (Table 5) 
next to “Tape at RP” as illustrated on Figure 4. 
 
4. Rapidly bring the tape to the surface before the wetted chalk mark dries and 
becomes difficult to read. Record the number to the nearest 0.01 foot in the column 
labeled as “Tape at WS.”  
 
5. If an oil layer is present, read the tape at the top of the oil mark to the nearest 
0.01 foot and use this value for the “Tape at WS” instead of the wetted chalk 
mark. Mark an “8” in the QM column of DWR Form 1213 (see Table 5) to indicate a 
questionable measurement due to oil in the well casing. There are methods to 
correct for oil, such as the use of a relatively inexpensive water-finding paste. The 
paste is applied to the lower end of the steel tape and the top of the oil shows as 
a wet line and the top of the water shows as a distinct color change. Since oil 
density is about three-quarters that of water, the water level can be estimated by 
adding three-quarters of the thickness of the oil layer to the oil-water interface 
elevation (U.S. Geological Survey, 2006). 
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6. Subtract the “Tape at WS” number from the “Tape at RP” number and record the 
difference (to the nearest 0.01 ft) as “RP to WS”. This reading is the depth to water 
below the RP. 
 
7. Wipe and dry off the tape and re-chalk based on the first measurement. 
 
8. Make a second measurement by repeating steps 3 through 5, recording the time of 
the second measurement on the line below the first measurement (Table 5). The 
second measurement should be made using a different “Tape at RP” than that used for 
the first measurement. If the second measurement does not agree with the original 
within 0.02 of a foot (0.2 of a foot for production wells), make a third measurement, 
recording this measurement and time on the row below the second measurement with a 
new time. If more than two readings are taken, record the average of all reasonable 
readings. 
 

After making a measurement: 
 
1. Clean the exposed portion of the tape using a disinfectant wipe, rinse with de-ionized 
or tap water, and dry the tape. Do not store a steel tape while dirty or wet. 
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Table 5. Groundwater level data form for manual measurements (DWR Form 1213). 
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(2) Electric Sounding Tape Method 
 
The electric sounding tape procedure for measuring depth to the water surface is 
especially useful in wells with dripping water or condensation, although there are still 
precautions needed as noted in the beginning of this section. Other benefits of this 
method include: 
 

• Easier and quicker than steel tapes, especially with consecutive measurements 
in deeper wells. 

• Better than steel tapes for making measurements in the rain. 
• Less chance for cross-contamination of well water than with steel tapes, as there 

is less tape submerged. 
 
The accuracy of electric sounding tape measurements depends on the type of tape 
used and whether or not the tape has been stretched out of calibration after use. Tapes 
that are marked the entire length with feet, tenths, and hundredths of a foot should be 
read to 0.01 ft. Electric sounding tapes are harder to keep calibrated than are steel 
tapes. As with steel tapes, electric sounding tapes are most accurate for water levels 
less than 200 ft below land surface, and thermal expansion and stretch start to become 
significant factors when measuring deep water levels (>500 ft) (see Garber and 
Koopman, 1968). Equipment and supplies needed for this method are shown in Table 4. 
 
The following issues should be considered with this method: 
 

• If the well casing is angled, instead of vertical, the depth to water will have to be 
corrected, if possible. This correction should be recorded in the field folder. 

• Check that the electric sounding tape is not hung up on an obstruction in 
the well. 

• The electric sounding tape should be calibrated annually against a steel tape in 
the field (using monitoring wells only) as follows: Compare water-level 
measurements made with the electric sounding tape to those made with a steel 
tape in several wells that span the range of depths to water encountered in the 
field. The measurements should agree to within ± 0.02 ft. If this accuracy is not 
met, a correction factor should be applied. All calibration and maintenance data 
should be recorded in a calibration and maintenance log book for the electric 
sounding tape. 

• Oil on the surface of the water may interfere with obtaining consistent 
readings and could damage the electrode probe. If oil is present, switch to 
a steel tape for the water-level measurement. 

• If using a repaired/spliced tape: see section A4-B-3(b) (page B16) of the NFM 
(U.S. Geological Survey, 2006). 

 
Before making a measurement: 
 
1. Inspect the electric sounding tape and electrode probe before using it in the field. 
Check the tape for wear, kinks, frayed electrical connections and possible stretch; the 
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cable jacket tends to be subject to wear and tear. Test that the battery and replacement 
batteries are fully charged. 
 
2. Check the distance from the electrode probe’s sensor to the nearest foot marker on 
the tape, to ensure that this distance puts the sensor at the zero foot point for the tape. 
If it does not, a correction must be applied to all depth-to-water measurements. Record 
this in an equipment log book and on the field form.  
 
3. Prepare the field forms (DWR Form 1213; see Table 5) and place any previous 
measured water-level data for the well into the field folder. 
 
4. After reaching the field site, check that the RP is clearly marked on the well and is 
accurately described in the well file or field folder. If a new RP needs to be established, 
follow the procedures above. 
 
5. Check the circuitry of the electric sounding tape before lowering the electrode probe 
into the well. To determine proper functioning of the tape mechanism, dip the electrode 
probe into tap water and observe whether the indicator needle, light, and/or beeper 
(collectively termed the “indicator” in this document) indicate a closed circuit. For an 
electric sounding tape with multiple indicators (sound and light, for instance), confirm 
that the indicators operate simultaneously. If they do not operate simultaneously, 
determine which is the most accurate and use that one. 
 
6. Wipe off the electrode probe and the lower 5 to 10 feet of the tape with a disinfectant 
wipe, rinse with de-ionized or tap water, and dry. 
 
Making a measurement: 
 
1. If the water level was measured previously at the well, use the previous 
measurement(s) to estimate the length of tape that should be lowered into the well. 
Preferably, use measurements that were obtained during the same season of the year. 
 
2. Lower the electrode probe slowly into the well until the indicator shows that the circuit 
is closed and contact with the water surface is made. Avoid letting the tape rub across 
the top of the well casing. Place the tip or nail of the index finger on the insulated wire at 
the RP and read the depth to water to the nearest 0.01 foot. Record this value in the 
column labeled “Tape at RP”, with the appropriate measurement method code and the 
date and time of the measurement (see Table 5). 
 
3. Lift the electrode probe slowly up a few feet and make a second measurement by 
repeating step 2 and record the second measurement with the time in the row below the 
first measurement in Table 5. Make all readings using the same deflection point on the 
indicator scale, light intensity, or sound so that water levels will be consistent between 
measurements. If the second measurement does not agree with the first measurement 
within 0.02 of a foot (0.2 of a foot for production wells), make a third measurement, 
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recording this measurement with the time in the row below the second measurement. If 
more than two readings are taken, record the average of all reasonable readings. 
 
After making a measurement: 
 

1. Wipe down the electrode probe and the section of the tape that was submerged 
in the well water, using a disinfectant wipe and rinse thoroughly with de-ionized 
or tap water. Dry the tape and probe and rewind the tape onto the tape reel. Do 
not rewind or otherwise store a dirty or wet tape. 
 

(3) Sonic Water-Level Meter Method 
 
This meter uses sound waves to measure water levels. It requires an access port that is 
5/8 – inch or greater in diameter and measurement of the average air temperature in the 
well casing. The meter can be used to quickly measure water levels in both monitoring 
wells and production wells. Also, since this method does not involve contact of a probe 
with the water, there is no concern over cross contamination between wells. However, 
the method is not as accurate as the other methods, with a typical accuracy of 0.2 ft for 
water levels less than 100 ft or 0.2% for water levels greater than 100 ft. Equipment and 
supplies needed for this method are shown in Table 4. 
 
The following issues should be considered with this method: 
 

• The accuracy of the meter decreases with well diameter and should not be used 
with well diameters greater than 10 inches. 

• An accurate air temperature inside the well casing is necessary so that the 
variation of sound velocity with air temperature can be accounted for. 

• Obstructions in the well casing can cause erroneous readings, especially if 
the obstruction is close to half the well diameter or more. 

 
Before making a measurement: 
 
1. Check the condition of the meter, especially the batteries. Take extra batteries to the 
field. 
 
2. Take a temperature probe with a readout and 50-ft cable. 
 
3. If open wellheads with diameter greater than the factory cover plate and less than 10 
inches will be monitored, fabricate appropriately-sized cover plates using plastic or 
sheet metal. 
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4. Prepare the field forms (DWR Form 1213; see Table 5). Place any previous 
measured water-level data for the well into the field folder. 
 
5. Check that the RP is clearly marked on the well and accurately described in the well 
file or field folder. If a new RP needs to be established, follow the procedures above. 
 
Making a measurement: 
 
1. If the water level was measured previously at the well, lower the temperature probe to 
about half that distance in the well casing. Preferably, use measurements that were 
obtained during the same season of the year. 
 
2. Record this temperature in the comments column of DWR form 1213 (see Table 5). 
Use this temperature reading to adjust the temperature toggle switch on the sonic 
meter. 
 
3. Select the appropriate depth range on the sonic meter. 
 
4. For a covered wellhead, insert the meter duct into the access port and push the 
power-on switch. Record the depth from the readout. 
 
5. For an open wellhead, slip the provided cover plate onto the wellhead to provide a 
seal. If the cover plate is not large enough, use a fabricated cover plate for diameters up 
to 10 inches. Record the depth from the readout. 
 
After making a measurement: 
 
1. Make sure the temperature probe and the sonic meter are turned off and put away in 
their cases. 
 
(4) Pressure Transducer Method 
 
Automated water-level measurements can be made with a pressure transducer 
attached to a data logger. Care should be taken to choose a pressure transducer that 
accurately measures the expected range of groundwater levels in a well. Pressure-
transducer accuracy decreases linearly with increases in the depth range (also known 
as pressure rating). A pressure transducer with a depth range of 0 to 10 ft (0 to 4.3 psi) 
has an accuracy of 0.01 ft while a pressure transducer with a depth range of 0 to 100 ft 
(0 to 43 psi) has an accuracy of 0.1 ft. But if the measurement range exceeds the depth 
range of a pressure transducer, it can be damaged. So it is important to have a good 
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idea of the expected range of groundwater levels in a well, and then refer to the 
manufacturer’s specification when selecting a pressure transducer for that well. 

 
Some of the advantages of automated monitoring include: 
 

• No correction is required for angled wells, as pressure transducers only measure 
vertical water levels.  

• A data logger can be left unattended for prolonged periods until data can be 
downloaded in the field. 

• Downloaded data can be imported directly into a spreadsheet or database. 
 
Some of the disadvantages of automated monitoring include: 
 

• It may be necessary to correct the data for instrument drift, hysteresis, 
temperature effects, and offsets. Most pressure transducers have temperature 
compensation built-in. 

• Pressure transducers operate only in a limited depth range. The unit must be 
installed in a well in which the water level will not fluctuate outside the operable 
depth range for the specific pressure transducer selected. Wells with widely 
fluctuating water levels may be monitored with reduced resolution or may require 
frequent resetting of the depth of the pressure transducer. 

• With some data loggers, previous water-level measurements may be lost if the 
power fails. 

 
There are two types of pressure transducers available for measuring groundwater 
levels; non-vented (absolute) and vented (gauged). A non-vented pressure transducer 
measures absolute pressure, is relative to zero pressure, and responds to atmospheric 
pressure plus pressure head in a well (see Figure 5). A vented pressure transducer 
measures gauge pressure, is relative to atmospheric pressure, and only responds to 
pressure head in a well.  
 
Non-vented pressure transducer data require post processing. Barometric pressure 
data must be collected at the same time as the absolute pressure data at the well, and 
subtracted from each absolute pressure data record before the data can be used to 
calculate groundwater levels. Thus, if a non-vented pressure transducer is used, a 
barometric pressure transducer will also be needed near the well. This subject is usually 
covered in more detail by the manufacturer of the pressure transducer. In an area with 
little topographic relief, a barometer at one site should be sufficient for use by other sites 
within a certain radius (9 miles reported by 
Schlumberger http://www.swstechnology.com/ groundwater-monitoring/groundwater-
dataloggers/baro-diver and 100 miles reported by Global 
Water http://www.globalw.com/support/barocomp.html). In an area of significant 
topographic relief, it would be advisable to have a barometer at each site. 
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Vented pressure transducers can be programmed so no post processing of the data is 
necessary. The vent is usually a small tube in the communication cable that runs from 
the back of the pressure transducer to the top of the well. This vent enables the 
pressure transducer to cancel the effect of atmospheric pressure and record 
groundwater level as the distance from the RP to the WS (see Figure 5). However, if the 
vent is exposed to excessive moisture or submerged in water it can cause failure and 
damage to the pressure transducer. 
 
The existing well conditions should be considered when deciding which type of pressure 
transducer to use. Non-vented pressure transducers should be used when the top of a 
well or its enclosure may at any time be submerged in water. This can happen when 
artesian conditions have been observed or are likely, the well is completed at or below 
the LSD, or  the well or its enclosure are susceptible to periods of high water. 
Otherwise, it is advisable to use a vented pressure transducer. 
 
The following guidelines are USGS guidelines from Drost (2005) and Freeman and 
others (2004) for the use of pressure transducers. These USGS guidelines have not 
been incorporated as yet in the NFM. The equipment and supplies needed for 
automated measurements of water level using a pressure transducer are shown in 
Table 4. 
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Figure 5. Groundwater-level measurements using a pressure transducer (vented or non-vented) 
(modified from Drost, 2005). 
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Before making a measurement: 
 
1. Keep the pressure transducer packaged in its original shipping container until it is 
installed.  
 
2. Fill out the DWR field form (Table 6), including the type, serial number, and range of 
measurement device; and what units are being measured (ft, psi). 
 
3. Take a reading from the pressure transducer before placing into the well. For a 
vented pressure transducer the reading should be zero. For a non-vented pressure 
transducer the reading should be a positive number equivalent to atmospheric pressure. 
Configure the units (ft, psi) on a barometric pressure transducer the same as the non-
vented pressure transducer. A reading from the barometric pressure transducer should 
be the same as the non-vented pressure transducer reading. 
 
4. Lower the pressure transducer into the well slowly. Conduct a field calibration of the 
pressure transducer by raising and lowering it over the anticipated range of water-level 
fluctuations. Take two readings at each of five intervals, once during the raising and 
once during the lowering of the pressure transducer. Record the data on the DWR field 
form (see Table 6). If using a non-vented pressure transducer, take a reading from the 
barometric pressure transducer at the same time as the other readings. 
 
5. Lower the pressure transducer to the desired depth below the water level (caution: do 
not exceed the depth range of the pressure transducer). 
 
6. Fasten the cable or suspension system to the well head using tie wraps or a 
weatherproof strain-relief system. If the vent tube is incorporated in the cable, make 
sure not to pinch the cable too tightly or the vent tube may be obstructed. 
 
7. Make a permanent mark on the cable at the hanging point, so future slippage, if any, 
can be determined. 
 
8. Measure the static water level in the well with a steel tape or electric sounding tape. 
Repeat if measurements are not consistent within 0.02 ft (0.2 ft for production wells).  
 
9. Record the well and RP configuration, with a sketch. Include the RP height above the 
LSD, the hanging point, and the hanging depth (see Figure 5). 
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Table 6. Groundwater level data form for vented or non-vented pressure transducer with data 
logger. 
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10. Connect the data logger, power supply, and ancillary equipment. Configure the data 
logger to ensure the channel, scan intervals, units, etc., selected are correct. Activate 
the data logger. Most data loggers will require a negative slope in order to invert water 
levels for ground-water applications (i.e., distance from the RP to the WS). If using a 
non-vented pressure transducer the data logger will not require a negative slope, but 
atmospheric pressure data will need to be collected by a barometric pressure 
transducer. 
 
Making a measurement: 
 
1. Retrieve water-level data (to 0.01 ft) using instrument or data logger software. If using 
a non-vented pressure transducer, retrieve barometric pressure data. 
 
2. Measure the water level with a steel tape or electric sounding tape (to 0.01 ft) and 
compare the reading with the value recorded by the pressure transducer and data 
logger. Record the reading and time in the file folder. If using a non-vented pressure 
transducer, subtract the barometric pressure value from the transducer pressure value 
to obtain the water level pressure value. The water level pressure can then be multiplied 
by 2.3067 to convert from psi of pressure to feet of water (Freeman and others, 2004). 
Report the calculated water level to the nearest 0.01 ft.  
 
3. If the tape and pressure transducer readings differ by more than (the greater of 0.2 
ft or) two times the accuracy of the specific pressure transducer, raise the pressure 
transducer out of the water and take a reading to determine if the cable has slipped, or 
whether the difference is due to drift. The accuracy of a pressure transducer is typically 
defined as 0.001 times the full scale of the pressure transducer (e.g., a 0 to 100 ft 
pressure transducer has a full scale of 100 ft). The accuracy of a specific pressure 
transducer should be specified by the manufacturer’s specifications. 
 
4. If drift is significant, recalibrate the pressure transducer as described using a steel 
tape. If using a non-vented pressure transducer, keep the pressure transducer out of 
the water and calibrate to the barometric pressure transducer value. If field calibration is 
not successful, retrieve the transducer and send back to the manufacturer for re-
calibration. 
 
5. Use the multimeter (see Table 4) to check the charge on the battery, and the 
charging current supply to the battery. Check connections to the data logger, and 
tighten as necessary. Burnish contacts if corrosion is occurring. 
 
6. Replace the desiccant, battery (if necessary), and data module. Verify the data logger 
channel and scan intervals, document any changes to the data logger program and 
activate the data logger. 
 
7. If possible, wait until data logger has logged a value, and then check for 
reasonableness of data. 
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GLOSSARY OF TERMS 
 
 
The following terms are used in this document.  Although many are commonly used in 
the groundwater- and data-management fields, they are defined here to avoid 
confusion. 
 
Aquifer – A geologic formation from which useable quantities of groundwater can be 
extracted. A confined aquifer is bounded above and below by a confining bed of 
distinctly less permeable material. The water level in a well installed in a confined 
aquifer stands above the top of the confined aquifer and can be higher or lower than the 
water table that may be present in the material above it. In some cases, the water level 
can rise above the ground surface, yielding a flowing well. An unconfined aquifer is one 
with no confining beds between the saturated zone and the ground surface. The water 
level in a well installed in an unconfined aquifer stands at the same level as the 
groundwater outside of the well and represents the water table.  An alternative and 
equivalent definition for an unconfined aquifer is an aquifer in which the groundwater 
surface is at atmospheric pressure.   
 
Atmospheric or barometric pressure – The force per unit area exerted against a 
surface by the weight of the air above that surface at any given point in the Earth’s 
atmosphere.  At sea level, the atmospheric pressure is 14.7 psi. As elevation increases, 
atmospheric pressure decreases as there are fewer air molecules above the ground 
surface. The atmospheric pressure is measured by a barometer. This pressure reading 
is called the barometric pressure. Weather conditions can increase or decrease 
barometric pressure. 
 
Blue carpenter’s chalk – A primarily calcium carbonate chalk with some silica. It is 
primarily used to make chalk-lines for long lasting bright marks. Some other 
formulations of chalk (e.g., sidewalk chalk) substitute different ingredients such as rice 
starch for silica. 
 
Data logger – A microprocessor-based data acquisition system designed specifically to 
acquire, process, and store data. Data usually are downloaded from onsite data loggers 
for entry into office data systems. The storage device within a data logger is called the 
data module. A desiccant, such as, silica gel, calcium sulfate, or calcium chloride, is 
used to absorb and keep moisture away from the data module.  
 
Dedicated monitoring well – A well designed for the sole purpose of long-term 
monitoring.   
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Domestic well – A water well used to supply water for the domestic needs of an 
individual residence or systems of four or fewer service connections. 
 
DWR Bulletin 118 – DWR publication on the status of California’s groundwater. Prior to 
this 2003 update, the latest Bulletin 118 was published in 1980. This publication defines 
the 515 basins to be monitored in the SB 6 monitoring program. The report reference is: 
California Department of Water Resources, 2003, California’s groundwater: Bulletin 
118, 246 p., available online 
at: http://www.water.ca.gov/pubs/groundwater/bulletin_118/california's_groundwater__b
ulletin_118_-_update_2003_/bulletin118_entire.pdf 
 
Electric sounding tape – This term is used in this document to mean both the electric 
tape and the electrode probe attached to the end of the tape. This water-level 
measuring device is also known by many other names, including a sounder, an electric 
tape, an E tape, an electric sounder, an electric well sounder, a depth sounder, etc. 
 
Electrode probe – This is the electronic sensor in the electronic sounder attached to 
the end of the electric tape. It senses water based on the electrical conductivity and 
triggers an alert. 
 
GPS – This stands for global positioning system. These devices come in many sizes 
and costs. The handheld devices are capable of very accurate locations in the xy plane 
(latitude longitude). However, only very expensive and large GPS units are currently 
capable of accurate readings for the altitude (z direction). 
 
Groundwater – Water occurring beneath the ground surface in the zone of saturation.  
 
Groundwater basin – An alluvial aquifer or a stacked series of alluvial aquifers with 
reasonably well-defined boundaries in a lateral direction and having a definable bottom. 
 
Groundwater elevation – The elevation (generally referenced to mean sea level as the 
datum) to which water in a tightly cased well screened at a given location will rise.  
Other terms that may be used include groundwater level, hydraulic head, piezometric 
head, and potentiometric head. 
  
Groundwater surface – The highest elevation at which groundwater physically occurs 
in a given location in an aquifer (i.e., top of aquifer formation in a confined aquifer and 
the groundwater level or water table in an unconfined aquifer). Also referred to as a 
water surface in this document. 
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Groundwater subbasin – A subdivision of a groundwater basin created by dividing the 
basin using geologic and hydrologic conditions or institutional boundaries. 
 
Hysteresis – The maximum difference in output, at any measured value within the 
specified range, when the value is approached first with an increasing and then a 
decreasing measured property. Hysteresis is expressed in percent of the full-scale 
output. 
 
Instrument Drift – A change in instrument output over a period of time that is not a 
function of the measured property. Drift is normally specified as a change in zero (zero 
drift) over time and a change in sensitivity (sensitivity drift) over time. 
 
Irrigation well – A well used to irrigate farmland. The water from the well is not 
intended for domestic purposes. 
 
Metadata – “data about data”; it is the data describing context, content and structure of 
records and their management through time. 
 
NFM – This stands for National Field Manual. This is a living, online, document of the 
USGS. It is the protocol document for USGS methods of surface water, groundwater, 
and water quality field activities. The portion of the NFM that related to the field methods 
of collecting groundwater levels is in the following reference: U.S. Geological Survey, 
2006, Collection of water samples (ver. 2.0): U.S. Geological Survey Techniques of 
Water-Resources Investigations, book 9, chap. A4, September, accessed 12/30/09 
at: http://pubs.water.usgs.gov/twri9A4/ 
 
Nonflowing well – A well in which the water level is below the land surface. 
 
Pressure head – The height of a column of groundwater above a point that is 
supported by pressure at that point. 
 
Pressure transducer – A type of measurement device that converts pressure-induced 
mechanical changes into an electrical signal. 
 
Production well – A well with a pump installed that is used to bring groundwater to the 
land surface. This is a general term that can be applied to a domestic well, irrigation 
well, or public-supply well. 
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Public-supply well – A well that pumps groundwater from a relatively extensive 
saturated area and is used as part of a public water system, supplying water for human 
consumption to at least 3,300 people. 
 
SOGW – This stands for Subcommittee on Groundwater. This is a subcommittee of the 
Advisory Committee on Water Information, which is developing a national framework for 
groundwater in the United States. The reference for the SOGW work is: Subcommittee 
on Ground Water of the Advisory Committee on Water Information, 2009, A national 
framework for ground-water monitoring in the United States: final version approved by 
the Advisory Committee on Water Information, June 2009, 78 p., accessed 1/11/10 
at: http://acwi.gov/sogw/pubs/tr/index.html 
 
Static water level – Groundwater level in a well during non-pumping conditions. 
 
Vent tube – A tube in the cable which connects to the pressure transducer, allowing 
atmospheric pressure to be in contact with one side of the strain gauge in the pressure 
sensor. It cancels out the barometric effects in the readings. 
 
Well casing – The metal or plastic pipe separating the well from the surrounding 
geologic material. 
 
Wellhead – The top of the well containing the casing hanger and the point at which the 
motor is attached for a vertical line shaft turbine pump or where the seal is secured for a 
submersible pump. 
 
Well purging – Pumping out standing groundwater from a monitoring well. This is done 
prior to water quality sampling of wells, but not before taking a water-level 
measurement. 
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ORDINANCE NO. 73-68 

 

AN ORDINANCE TO REGULATE THE CONSTRUCTION, REPAIR, RECONSTRUCTION, 

DESTRUCTION OR ABANDONMENT OF WELLS WITHIN THE BOUNDARIES 

OF THE COUNTY OF ALAMEDA. 

 

The Board of Supervisors of the County of Alameda do ordain as follows: 

 

SECTION I 

 

Article 14 is hereby added to Chapter 6, Title 3, of the Alameda County Ordinance Code to read as follows: 

 

CHAPTER 6 

ARTICLE 14 

 

CONSTRUCTION, REPAIR, RECONSTRUCTION, DESTRUCTION OR ABANDONMENT OF WELLS. 

 

Section 3-160.0. Purpose: It is the purpose of this ordinance to provide for the construction, repair, 

reconstruction, and destruction of wells, including cathodic protection wells and exploratory holes, to the end 

that the groundwater found wholly or partially with the County of Alameda will not be polluted or 

contaminated and the water obtained from water wells will be suitable for the beneficial uses intended and 

will not jeopardize the health, safety or welfare of the people of the County of Alameda, and for the 

destruction of abandoned wells or well s found to be public nuisances, including cathodic protection wells 

and exploratory holes, to the end that such well s will not cause pollution or contamination or groundwater or 

otherwise jeopardize the health, safety, or welfare of the people of the County of Alameda.  

 

Section 3-160.1 . Definitions: Definitions of terms for the construction, repair, reconstruction, destruction, or 

abandonment of wells shall be as set forth in Chapter II and in Appendix I, of the Department of Water 

Resources Bulletin No. 74, "Water Well Standards: State of California," as modified and with additions 

herein. 

 

(1) "County" shall mean the County of Alameda. 

 

(2) "Board" shall mean the Board of Supervisors of the County of Alameda. 

 

(3) "Advisory Board" shall mean a Well Standards Advisory Board, consisting of three (3) qualified 

persons, which may be appointed by the Board of Supervisors for two (2) year terms, ending 12:00 noon on 

the first Monday after January 1 of each odd numbered year. The matter of qualification lies solely within the 

discretion of the Board of Supervisors. In the event a Well Standards Advisory Board is not created, the 

Board of Supervisors shall assume the duties of said Advisory Board. 

 

(4) "Director of Public Works" shall mean the Director of Pub1ic Works of the County of Alameda and 

the Alameda County Flood Control and Water Conservation District. 

 

(5) "Person" shall mean any person, firm, corporation, municipality, district, or public agency. 

 

(6) "Well" shall mean any artificial excavation constructed by any method for the purpose extracting 

water from, or injecting water into, the underground. This definition shall not include: (a) oil and gas wells, 

or geothermal wells constructed under the jurisdiction of the Department of Conservation, except those wells 

converted to use as water wells; or (b) wells used for the purpose of (1) dewatering excavation during 

construction, or (2) stabilizing hillsides or earth embankments . 
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(7) "Cathodic Protection Well" shall mean any artificial excavation constructed by any method for the 

purpose of installing equipment or facilities for the protection electrically of metallic equipment in contact 

with the ground, commonly referred to as cathodic protection. 

 

(8) "Construction, Reconstruction" shall mean to dig, drive, bore, drill, or deepen a well, or to 

reperforate, remove, replace, or extend a well casing. 

 

(9) "Destruction" shall mean the proper filling, sealing, or otherwise rendering unusable a well that is no 

longer useful or has become hazardous to public health or safety, so as to assure that the groundwater is 

protected and to eliminate a potential physical hazard. 

 

(10) "Repair" shall mean the deepening or enlargement of a well or the perforation or replacement of a 

casing or sealing-off of aquifers, or other work to improve or maintain the integrity of the well and its water-

producing capacity. 

 

(11) "Exploratory Hole" shall mean any artificial excavation constructed by any method for the purpose 

of determining subsurface geological or hydrological conditions. 

 

(12) "Public Nuisance" shall mean any well which threatens to impair the quality groundwater or 

otherwise jeopardize the health or safety of the public. 

 

Section 3-160.2. Jurisdiction: This ordinance shall have effect in the unincorporated area of the County of 

Alameda and in those incorporated areas which have by ordinance or resolution adopted the provisions of 

this ordinance by reference thereto and have designated the Alameda County Public Works Department, 

through the Alameda County Flood Control and Water Conservation District, as the administering agency. 

 

Section 3-160.3. Prohibitions: No person, firm , corporation, or special district formed under the laws of this 

State shall, within the area subject to the provisions of this ordinance, construct, repair, reconstruct, destroy, 

alter, or abandon any well unless a written permit has been obtained therefor from the Director of Public 

Works of the County of Alameda as provided in this ordinance; provided, however, that any incorporated 

area may elect to adopt this ordinance by reference by resolution of the city council city ordinance, which 

resolution or ordinance shall designate the Alameda County Department of Public Works as administering 

agency. 

 

Section 6-160.4. Permit Procedure: 

 

(1) Application: Written permits required by this Ordinance shall be issued by the Director of Public 

Works, subject to conditions set forth in this Ordinance, required by law or established by the Director of 

Public Works. The Director of Public Works shall prescribe and provide a regular form of application for the 

use of any applicant for a permit required by this Ordinance. The application form shall contain space for the 

name and address, together with such detail as in the judgement of the Director of Public Works is necessary 

to establish the identity of the applicant and the location, description of work to be done, and purpose of the 

proposed work, or other pertinent information. In addition, drawings and/or specifications of the proposed 

work shall be submitted in an approved form for review by the Director of Public Works; the Director may 

also require submission of a statement as to the environmental impact of any proposed work to be performed 

under this ordinance, in accordance with the provisions of the California Environmental Quality Act of 1970. 
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(2) Fees and Costs: The schedule of fees and costs will be those recommended by the Director of 

Public Works and established and adopted by the Board from time to time by resolution. Before a permit is 

issued, the applicant shall deposit with the County cash or a certified or cashier's check, in a sufficient sum to 

cover the fee for issuance of the permit, charges for field investigation, and the fee for necessary inspection 

or other work, all in accordance with schedules established and adopted by the Board. Public utilities or other 

governmental agencies may, at the option of the Director of Public Works, make payment for the above 

charges as billed by the County instead of by advance deposit as required above. If, upon completion of any 

work under a permit, there remains any excess of deposit or of fees or charges, the Director of Public Works 

shall certify the same to the auditor for refund to the permittee or refund the same from any trust fund 

established under his jurisdiction for such purposes. 

 

(3) Waiver of Fees and Costs: Neither the County of Alameda, its departments, nor its contractors 

shall be required to make applications for permits as provided for hereunder, providing an agreed procedure 

for the mutual clearance of plans and prosecution of the proposed work has been reached between the County 

department heads responsible for such work and the Director of Public Works. All other public agencies 

must apply for permits but no permit fee shall be charged to them, and investigation and inspection costs for 

such permits may be waived by the Director of Public Works unless in his opinion they would constitute an 

undue burden upon the County. All privately owned public utilities making permit applications may have the 

fees and costs therefor waived upon a finding by the Director of Public Works that the County will incur no 

costs or expense beyond that which would normally be incurred under the procedure indicated above for 

other public agencies. 

 

(4) Term and Completion of Work: The permittee shall begin the work authorized by a permit issued 

pursuant to this Ordinance within ninety (90) days from the date of issuance unless a different period is 

stated in the permit. If the work is not begun within ninety (90) days or within the time stated in the permit, 

then the permit shall become void. The permittee shall notify County three (3) working days in advance of 

beginning his permitted work of the date of said beginning of work. A permit shall be valid for a term of one 

year from the date of issuance unless a different term is specified in the permit, unless sooner terminated by 

discontinuance of the work for which the permit was issued, or revocation by the Board upon a showing of 

good cause therefor. The permittee shall complete the work authorized by a permit issued pursuant to this 

Ordinance within the time specified in the permit. A time extension to complete the work under the permit 

may be granted if, in the judgement of the Director of Public Works, a time extension is warranted. 

 

(5) Guarantee of Performance: Prior to the issuance of a permit, the applicant shall post with the 

Director of Public Works a cash deposit or bond guaranteeing compliance with the terms of this Ordinance 

and the applicable permit, such bond to be in an amount deemed necessary by the Director of Public Works 

to remedy improper or uncompleted work, but not in excess of the total estimated cost of the work. Such 

deposit or bond may be waived by the Director of Public Works where other assurances of compliance are 

deemed adequate by him. 

 

(6) Compliance with Other Regulations: The issuance of any permit pursuant to this ordinance shall 

not in any manner relieve the permittee from compliance with applicable Federal, State, County, Municipal, 

and local regulations regarding well work and public health requirements, and from the necessity of 

obtaining any permits or consents required thereof, nor impose upon the County any obligation with respect 

to said permits or consents. 

 

(7) Liability: Permittee shall be responsible for all liability imposed by law for personal injury or 

property damage proximately caused by work permitted and done by permittee under the permit, or 

proximately caused by failure on permittee’s part to perform his obligation under said permit. If any claim of 

such liability is made against the County, or Alameda County Flood Control and Water Conservation 
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District, and its agents, officers, or employees, permittee shall defend, indemnify, and hold them and each of 

them, harmless from such claim. 

 

(8) Review and Appeal: Any person aggrieved in any manner under the procedures established under 

this ordinance may request in writing that the matter be reviewed by the Advisory Board or may appeal 

directly to the Board of Supervisors. If request for review is made, the Director of Public Works shall 

schedule the matter for review by said Advisory Board and give reasonable notice of the time and place 

thereof to the applicant. Recommendations by said Advisory Board shall not be binding and may be appealed 

to the Board of Supervisors. Such appeals must be submitted in writing and filed with the Board of 

Supervisors within ten (10) days after said Advisory Board recommendations have been sent to or served 

upon the applicant. The Board of Supervisors shall hold a hearing of said appeal and shall give reasonable 

notice of the time and place thereof to the applicant. The decision of the Board of Supervisors shall be 

binding upon all parties. In the event of the Advisory Board is not created under this Ordinance, requests for 

review of grievances shall be submitted in writing and filed directly with the Board of Supervisors. The 

Board of Supervisors shall hold a hearing of review of such grievances and shall give reasonable notice of 

the time and place thereof to the applicant. The decision of the Board of Supervisors shall be binding upon 

all parties. 

 

Section 3-160.5. Standards: Standards for the construction, repair, reconstruction, destruction, or 

abandonment of wells shall be as set forth in Chapter II of the Department of Water Resources Bulletin No. 

74, "Water Well Standards: State of California ," and Appendixes E, F, and G a part thereof, together with 

the supplemental standards of Department of Water Resources Bulletin No . 74-2, "Water Well Standards: 

Alameda County," and Department of Water Resources Bulletin No. 74-1. "Cathodic Protection Wells 

Standards: State of California," with the following modifications: 

 

(1) No well intended to produce fresh groundwater shall be perforated opposite aquifers producing 

saline water. It is recognized that in some instances production may be desired from areas and/or depths 

which contain poor or marginal quality water in all aquifers penetrated. It is not the intent of these standards 

to preclude such situations so long as the integrity of the fresh water supplies is maintained. Final judgement 

on well construction that would cause intermingling of waters of different qualities shall be at the discretion 

of the County. 

 

(2) In wells open to fresh water aquifers, penetrated aquifers producing saline water shall be sealed 

off as specified in Section 13, Chapter II, Bulletin No. 74, and in Chapter IV, Bulletin 74-2. 

 

(3) Perched saline water shall be excluded from wells by a deep annular seal as specified in Section 

9, Chapter II, Bulletin No. 74, and in Chapter IV, Bulletin74-2. 

 

(4) As a guideline, saline water is considered as water which contains more than 250 ppm chloride 

ion. During well construction, the permittee shall provide some provision for the determination of 

groundwater quality characteristics of the major aquifers penetrated so that a judgement can be made as to 

whether or not intermingling will take place. Such determination can consist of evaluation of data regarding 

adjacent wells, evaluation of samples of formation materials encountered. Final judgement as to the 

probability of intermingling and the need for evaluation of conditions shall be at the discretion of the County. 

 

(5) Backfilling work on exploratory holes, as defined herein, shall be subject to requirements 

equivalent to those in the destruction of abandoned wells. 

 

(6) All water wells shall be maintained in such a manner that water quality samples can be readily 

collected. The County shall be empowered to collect water quality samples and to perform tests on any well 

at any reasonable time. 
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(7) All work in the construction, repair, reconstruction, and destruction of wells shall be performed 

by contractors licensed in accordance with the provisions of the Contractors License Law (Chapter 9, 

Division 3, of the Business and Professions Code) unless exempted by that act. 

 

(8) In no case will an outer casing or conductor casing be an acceptable substitute for a seal. 

 

Section 3-160.6. Enforcement: 

 

(1) Notice: In the event a well subject to this Ordinance is found to be a public nuisance or 

constructed, repaired, reconstructed, or destroyed contrary to the terms of this Ordinance or a permit issued 

for such well pursuant to this Ordinance, the Director of Public Works may send written notice to the owner 

of the land as shown on the most recent equalized assessment roll or the permittee, at his address listed on the 

permit, which notice shall state the manner in which the well is in violation, what corrective measures must 

be taken, the time within which such correction must be made, and that if the land owner or permittee fails to 

make corrections within the period provided, the corrections may be made by the County and the land owner 

or permittee sha11 be 1iab1e for the costs thereof. 

 

(2) Abatement by the County: If the corrections listed in the notice given pursuant to (1) above are 

not made as required in said notice, the Director of Public Works with the approval of the Board of 

Supervisors, and after a reasonable opportunity for the person notified to be heard by said Board, may abate 

the condition and the cost thereof shall be a charge against the person notified. 

 

(3) Emergency Abatement: If the Director of Public Works finds that the condition or operation of a 

well subject to this Ordinance is, by its operation or maintenance, causing significant irreparable damage to 

the groundwater and that it is impracticable to notify the owner or permittee, he may abate the condition 

without giving notice as required in (1) above, and the cost thereof shall be a charge against the owner of the 

land as shown on the last equalized assessment roll. 

 

(4) Penalty: Any person who does any work for which a permit is required by this Ordinance and 

who fails to obtain a permit shall be guilty of a misdemeanor punishable by fine not exceeding FIVE 

HUNDRED DOLLARS ($500.00) or by imprisonment not exceeding six (6) months, or by both such fine 

and imprisonment, and such person shall be deemed guilty of a separate offense for each and every day a 

portion thereof during which any such violation is committed, continued, or permitted, and shall be subject to 

the same punishment as for the original offense. 

 

Section 3-160.7. Conflicts: All ordinances of the County in conflict herewith are hereby repealed to the 

extent of such conflict. 

 

Section 3-1 60.8. Severability: If any section, sub-section, paragraph, sub-paragraph, sentence, clause, or 

phrase of this Ordinance is for any reason held to be invalid or unconstitutional, such invalidity or 

unconstitutionality shall not affect the validity or constitutionality of the remaining portions of this 

Ordinance; and the Board declares that this Ordinance and each section, sub-section, paragraph, sub-

paragraph, sentence, clause , and phrase thereof would have been adopted irrespective of the fact that one or 

more of such section, sub- section, paragraph, sub-paragraph, sentence, clause, or phrase be declared invalid 

or unconstitutional. 
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SECTION II 

 

This Ordinance shall take effect and be in force thirty (30) days from and after the date of its passage and 

before the expiration of fifteen (15) days after its passage it shall be published once with the names of the 

members voting for and against the same in The Inter-City Express, a newspaper published in the County of 

Alameda. 

 

Adopted by the Board of Supervisors of the County of Alameda on this 17th day of July, 1973, by the 

following called vote:  

AYES:  Supervisors Cooper, Hannon, Murphy, and Chairman Bort - 4. 

NOES:  Supervisors None. 

EXCUSED: Supervisor Bates - 1. 

 

 

 

J. P. BORT, 

Chairman of the Board of Supervisors 

of the County of Alameda, 

State of California. 

 

 

ATTEST:                                 

JACK K. POOL 

Clerk of the Board of Supervisors of 

the County of Alameda, 

State of California. 

734834 -- 7-27-lf 



Foreward 
 
The Alameda County Public Works Agency, Water Resources Section has the responsibility and 
authority to issue drilling permits and to enforce the County Well Ordinance. This jurisdiction 
covers the western Alameda County areas and the Cities of Oakland, Alameda, Piedmont, 
Emeryville, Albany, San Leandro, San Lorenzo, Castro Valley and Hayward. The purpose of the 
drilling permits are to ensure that any new well or the destruction of wells, including 
geotechnical investigation and the environmental sampling within the above jurisdiction and 
within Alameda County will not cause pollution or contamination of groundwater or otherwise 
jeopardize the health safety or welfare of the people of Alameda County.  
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1 Introduction 

1.1 Background 
Alameda County (“District”) has the responsibility of ensuring that the groundwater within the 
area of the Cities will not be degraded, polluted or contaminated by improper construction, use, 
operation, maintenance, repair, reconstruction, improvement, inactivation, decommissioning, or 
destruction of wells, exploratory holes, other excavations, and appurtenances.   
 
The District is the local enforcement agency for wells, exploratory holes, other excavations, and 
appurtenances in the Cities of Oakland, Alameda, Piedmont, Emeryville, Albany, San Leandro, 
San Lorenzo, Castro Valley and Hayward, under the statutory authority granted to the District 
Well Ordinance 73-68. Therefore, it is the District’s responsibility to administer the ordinance 
and to develop the technical standards set forth herein. 
 
The Standards are derived from water well industry procedures and processes deemed most 
effective at meeting local groundwater protection needs and are based on the standards 
developed by the State of California Department of Water Resources (DWR). These Standards 
establish the minimum requirements for work on any well, exploratory hole, other excavation, or 
appurtenances as defined herein. 

1.2 Permits 
All work regulated by Alameda County Ordinance No. 73-68, requires a permit. Application for 
a permit may be obtained from the District’s Water Resources Section, at 399 Elmhurst Street, 
Hayward, CA 94544 or online from the District’s website at www.acgov.org/pwa/wells.   

 

2 Definitions 
 
 
Section 3-160.1. Definitions: Definitions of terms for the construction, repair, reconstruction, 
destruction, or abandonment of wells shall be as set forth in Chapter II and in Appendix I, of the 
Department of Water Resources Bulletin No. 74, "Water Well Standards: State of California," as 
modified and with additions herein. 
 

(1) "County" shall mean the County of Alameda. 
 

(2) "Board" shall mean the Board of Supervisors of the County of Alameda. 
 

(3) "Advisory Board" shall mean a Well Standards Advisory Board, consisting of three (3) 
qualified persons, which may be appointed by the Board of Supervisors for two (2) year 
terms, ending 12:00 noon on the first Monday after January 1 of each odd numbered year. 
The matter of qualification lies solely within the discretion of the Board of Supervisors. 
In the event a Well Standards Advisory Board is not created, the Board of Supervisors 
shall assume the duties of said Advisory Board. 
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(4) "Director of Public Works" shall mean the Director of Pub1ic Works of the County of 
Alameda and the Alameda County Flood Control and Water Conservation District. 

 
(5) "Person" shall mean any person, firm, corporation, municipality, district, or public      

agency. 
 

(6) "Well" shall mean any artificial excavation constructed by any method for the purpose 
extracting water from, or injecting water into, the underground. This definition shall not 
include: (a) oil and gas wells, or geothermal wells constructed under the jurisdiction of 
the Department of Conservation, except those wells converted to use as water wells; or 
(b) wells used for the purpose of (1) dewatering excavation during construction, or (2) 
stabilizing hillsides or earth embankments . 

 
(7) "Cathodic Protection Well" shall mean any artificial excavation constructed by any 

method for the purpose of installing equipment or facilities for the protection electrically 
of metallic equipment in contact with the ground, commonly referred to as cathodic 
protection. 

 
(8) "Construction, Reconstruction" shall mean to dig, drive, bore, drill, or deepen a well, or 

to reperforate, remove, replace, or extend a well casing. 
 

(9) "Destruction" shall mean the proper filling, sealing, or otherwise rendering unusable a 
well that is no longer useful or has become hazardous to public health or safety, so as to 
assure that the groundwater is protected and to eliminate a potential physical hazard. 

 
(10)"Repair" shall mean the deepening or enlargement of a well or the perforation or 

replacement of a casing or sealing-off of aquifers, or other work to improve or maintain 
the integrity of the well and its water-producing capacity. 

 
(11)"Exploratory Hole" shall mean any artificial excavation constructed by any method for 

the purpose of determining subsurface geological or hydrological conditions. 
 

(12)"Public Nuisance" shall mean any well which threatens to impair the quality groundwater 
or otherwise jeopardize the health or safety of the public. 

 
Section 3-160.2. Jurisdiction: This ordinance shall have effect in the unincorporated area of the 
County of Alameda and in those incorporated areas which have by ordinance or resolution 
adopted the provisions of this ordinance by reference thereto and have designated the Alameda 
County Public Works Department, through the Alameda County Flood Control and Water 
Conservation District, as the administering agency. 
 
Section 3-160.3. Prohibitions: No person, firm , corporation, or special district formed under the 
laws of this State shall, within the area subject to the provisions of this ordinance, construct, 
repair, reconstruct, destroy, alter, or abandon any well unless a written permit has been obtained 
therefor from the Director of Public Works of the County of Alameda as provided in this 
ordinance; provided, however, that any incorporated area may elect to adopt this ordinance by 
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reference by resolution of the city council city ordinance, which resolution or ordinance shall 
designate the Alameda County Department of Public Works as administering agency. 
 
“Abandoned” shall mean any well, exploratory hole, or other excavation as defined in the 
Alameda County Ordinance No. 73-68  
 
“Applicant” or “Permittee” shall mean the legal owner(s) of the property or person authorized by 
the owner on which a well, exploratory hole, or other excavation is to be constructed, repaired, 
inactivated or destroyed. 
 
“Appurtenances” shall mean any part or feature of a well or other excavation necessary for its 
operation (e.g., column pipe, well pump or motor, or wellhead). 
 
“Aquifer” shall mean a geologic formation from which groundwater may be extracted. 
 
“Aquitard” shall mean a geologic formation with very low permeability. 
 
“Construction” shall mean digging, driving, drilling, excavating, jetting, pushing, boring,  casing, 
perforating, screening, gravel packing, deepening and/or sealing by any method of a new well, 
exploratory hole, or other excavation.  
  
“Contamination” shall mean an impairment of the quality of waters of the state by waste to a 
degree which creates a hazard to the public health through poisoning or through the spread of 
disease and includes any equivalent effect resulting from the disposal of waste, whether or not 
waters of the state are affected.  
 
“Destruction” or “Destroy” shall mean the proper sealing of wells, exploratory holes, and other 
excavations to ensure that the groundwater supply is protected and preserved for future use and 
to eliminate potential physical hazards. 
 
“District” shall mean the Alameda County Flood Control and Water Conservation District and 
the Alameda County Public Works Agency. . 
   
“Exploratory Hole” shall mean any temporary excavation that is open for less than 24 hours and 
constructed by any method, for the purpose of determining subsurface geological or 
hydrogeological information. An exploratory hole that is opened for less than 24 hours and used 
to inject fluids or other substances to enhance remediation at cleanup sites is also included within 
this definition. Exploratory holes are also known as exploratory boreholes, boreholes, or borings. 
  
“Groundwater” shall mean the water beneath the natural surface of the ground, whether or not 
flowing through known and definite channels. 
 
“Inactivation” or “Decommissioning” shall mean taking any well or other excavation 
temporarily out of service, and maintaining the well or other excavation in compliance with the 
provisions of Alameda County Ordinance No. 73-68 while it is temporarily out of service. 
 
“Mud Pit” shall mean any excavated pit or enclosed structure that is used to confine drilling 
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fluids so that the drilling fluids may be cycled, mixed, or temporarily stored. 
 
“Other Excavations” shall mean an excavation or structure, other than a well or an exploratory 
hole, constructed by any method that intersects an aquifer, or that may impact the integrity of any 
aquitard located directly above an aquifer. The following structures are also deemed to be other 
excavations:  
 

1. “Cathodic Protection Well” shall mean any artificial excavation constructed by any 
method for the sole purpose of installing equipment or facilities for the protection of 
metallic equipment in contact with the ground.   
 

2. “Cleanup Site Excavation” shall mean an excavation associated with cleanup site activity 
under the oversight of a regulatory agency.   
 

3. “Elevator Shaft” shall mean any cased structure constructed to contain the mechanism for 
an elevator system that intersects an aquifer, or that may impact the integrity of any 
aquitard located directly above an aquifer.   
 

4. “Inclinometer” shall mean any artificial excavation constructed by any method for the 
purpose of monitoring ground movement. 
 

5. “Shaft,” “Tunnel,” or “Directional Borehole” shall mean any passage or opening that 
intersects an aquifer, or that may impact the integrity of any aquitard located directly 
above an aquifer.   
 

6. “Support Piers,” “Piles,” or “Caissons” shall mean any cased or uncased pier, pile, or 
caisson that intersects an aquifer, or that may impact the integrity of any aquitard located 
directly above an aquifer.   

 
7. “Vibrating Wire Piezometer” shall mean a device used to monitor pore water pressures or 

the effects of ground improvement systems. 
 

8. “Wick Drains” shall mean an artificial drainage system used to remove water from soil 
and accelerate the consolidation of compressible soil. 

 
“Pollution” shall mean an alteration of the quality of the waters of the state by waste to a degree 
which unreasonably affects the beneficial uses of water or facilities which serve these beneficial 
uses. Pollution may include contamination as defined herein. 
 
“Repair,” “Reconstruction” or “Improvement” shall mean digging, driving, drilling, excavating, 
jetting, pushing, boring, casing, perforating, sleeving, removal of well casing, reperforating, 
screening, gravel packing, deepening and/or sealing by any method of an existing well or other 
excavation.   
 
“Use” or “Operation” shall mean to put into service or utilize a well or other excavation for its 
intended purpose. 
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“Well” shall mean any artificial excavation constructed by any method for the purpose of 
monitoring groundwater levels, extracting, injecting, or circulating water, or extracting, injecting, 
or circulating other fluid or gas solely for the purpose of soil or groundwater remediation beneath 
the natural surface of the ground. In addition, for purposes of these Standards, the following 
structures are also defined as wells:  
 

1. “Agricultural Well” shall mean any well used to supply water only for irrigation of an 
agricultural crop. 

 
2. “Community Domestic Well” shall mean any water well used to supply water for 

domestic purposes to a public water system as defined by the State of California, 
Department of Water Resources, Bulletin 74-81, Water Well Standards: State of 
California. Such wells are also referred to as “Municipal Wells,” “City Wells,” “Public 
Water Supply Wells” or “Small Water System Wells.” 

 
3. “Dewatering Well” shall mean any cased hole used for the purpose of permanent 

dewatering or temporarily removing groundwater during construction or stabilizing 
hillsides or earth embankments. 

 
4. “Domestic Well” shall mean any water well used to supply domestic water to one 

residential or commercial property. 
 

5. “Extraction Well” shall mean any artificial excavation constructed by any method for the 
purpose of removing groundwater for cleanup of contamination. 

 
6. “Geothermal Heat Exchange Well” shall mean any artificial excavation constructed by 

any method for the purpose of using the heat exchange capacity of the earth for heating 
and cooling. Geothermal heat exchange wells are also known as ground source heat pump 
wells. 

 
7. “Horizontal Well” shall mean a well drilled horizontally or at an angle different from 

vertical. 
 

8. “Industrial Well” shall mean any water well used to supply a specific industry. 
 

9. “Injection Well” shall mean any artificial excavation constructed by any method for one 
of the following purposes: 
 

a. Introducing water, treated water, or reclaimed water into the underground as a 
means of replenishing the groundwater basin.   

 
b. Introducing gas, nutrients, fluids, or other compounds as a means of enhancing 

remediation of chemical constituents at clean-up sites or establishing hydraulic 
control. 

 
10. “Monitoring Well” shall mean any artificial excavation constructed by any method for 

the purpose of monitoring fluctuations in groundwater levels, quality of groundwater, or 
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the concentrations of contaminants in groundwater.   
 

11. “Nested Wells” shall mean two or more casing strings within the same borehole.  
 

12. “Vapor Well” shall mean any artificial excavation constructed by any method for the 
purpose of monitoring or extraction of vapors from the predominantly unsaturated zone 
above the water table. 

 
13. “Water Well” shall mean any well constructed for the purpose of water supply. This 

includes community and domestic wells, and agricultural or industrial water wells, and 
injection water wells. 

 
14. “Well Pump” shall mean any device or method which enables the extraction of water 

from a well. 
 

 
 

3 Standards 

3.1 General 
These Standards apply to all wells, exploratory holes, other excavations, and appurtenances 
regulated under The Districts  Ordinance No. 73-68  (Appendix B), adopted on July 17, 1973 , 
pursuant commencing with Section 31142.20 of the California Water Code) (Appendix A). 
These Standards are derived from applicable sections or portions of sections of water well 
industry procedures and processes deemed most effective at meeting local groundwater 
protection needs. 
 
Unless otherwise indicated in these Standards, the minimum standards are provided in DWR’s 
Bulletin No. 74-2, “Water Well Standards: Alameda County” (June, 1964); Bulletin No. 74-81, 
“Water Well Standards: State of California” (December, 1981), together with the supplemental 
standards of DWR Bulletin No. 74-90, “California Well Standards; Water Wells, Monitoring 
Wells, and Cathodic Protection Wells” (June, 1991), and subsequent revisions and/or 
supplements.   
 
Contractors shall call USA (Underground Service Alert) toll free at 811 or 1-800-227-2600 at 
least two working days (48 hours) before any subsurface work begins. 
 

3.2 Water Well Construction 
The following standards establish the minimum requirements for the construction of:  
 

• water wells 
• agricultural wells 
• community domestic wells 
• domestic wells 

• horizontal wells 
• industrial wells 
• injection wells 
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Unless otherwise indicated in these Standards, the minimum standards are provided in DWR’s 
Bulletin No. 74-2, “Water Well Standards: Alameda County” (June, 1964); Bulletin No. 74-81, 
“Water Well Standards: State of California” (December, 1981), together with the supplemental 
standards of DWR Bulletin No. 74-90, “California Well Standards; Water Wells, Monitoring 
Wells, and Cathodic Protection Wells” (June, 1991), and subsequent revisions and/or 
supplements.   
 
Specifications for water well construction are discussed in Part II of the Water Well Standards in 
DWR Bulletins 74-81 and 74-90 and in Chapter IV of DWR Bulletin 74-2. A typical water well 
construction is shown on Figure No. 1 in Appendix D. 
 
Well Completion Report forms and instructions may be obtained by visiting DWR’s website at 
http://www.water.ca.gov/groundwater/well_info_and_other/well_completion_reports.cfm. 

3.2.1 Well Location with Respect to Contaminants and Pollutants 
Specifications for well location with respect to contaminants and pollutants are discussed in Part 
II, Section 8 of the Water Well Standards in DWR Bulletins 74-81 and 74-90.   
 
Wells shall be located an adequate horizontal distance from known or potential sources of 
contamination and pollution. Such sources include, but are not limited to: sanitary sewers; septic 
tanks and leach fields; sewage and industrial waste ponds; barnyard and stable areas; solid waste 
disposal sites; above and below ground storage tanks and pipelines for storage and conveyance 
of petroleum products or other chemicals; and, storage and preparation areas for pesticides, 
fertilizers, and other chemicals. In addition, consideration must also be given to ensure adequate 
separation from sites or areas with known or suspected soil or groundwater pollution or 
contamination.   
 
The following horizontal separation distances are generally considered minimum distances; local 
conditions may require greater separation distances to ensure groundwater quality protection. 
 

Potential Pollution or 
Contamination Source 

Minimum Horizontal Distance Between 
Well and Known or Potential Source 

Any sewer line (sanitary; main or lateral) 50 feet 
Watertight septic tank or subsurface sewage 
leaching field 100 feet 

Cesspool or seepage pit 150 feet 
Animal or fowl enclosure 100 feet 
Above and below ground storage tanks and 
associated pipelines. 100 feet 

Leaking Underground Fuel Tank Cleanup Sites 
and Spills, Leaks, Investigation, and Cleanup 
Sites 

150 feet 

Bioswales, Graywater or Porous Pavement 
Areas 100 feet 

 

http://www.water.ca.gov/groundwater/well_info_and_other/well_completion_reports.cfm


 

3.2.2 Sealing the Upper Annular Space 
Specifications for sealing the upper annular space are discussed in Part II, Section 9 of the Water 
Well Standards in DWR Bulletins 74-81 and 74-90.   
 
Drilling may be accomplished through a variety of methods. For the construction of all water 
wells, a drilling method should be chosen that is large enough to provide at least a two-inch 
annular space between the outside of the well casing and the borehole wall. The annular space 
between the borehole wall and casing must be effectively sealed to prevent it from being a 
preferential pathway for either the movement of pollutants, contaminants from surface spills and 
leaks, or from poor-quality water flow between aquifers. The annular seal can also serve to 
protect the structural integrity of the well casing and to protect the casing from chemical attack 
and corrosion. In no case will an outer casing or conductor casing be an acceptable substitute for 
an annular seal. 

3.2.2.1 Minimum Depth of Seal 
The depth of the required annular seal for a water well will depend on the geologic setting and 
will be determined by the District on a case by case basis. During well construction, the 
permittee shall provide some method for the determination of groundwater quality characteristics 
of the major aquifers penetrated so that a judgment can be made as to whether or not inter-
aquifer groundwater flow (also known as intermingling) will be allowed. Such determination can 
consist of evaluation of data from adjacent wells, evaluation of samples of formation materials 
encountered, or by running a geophysical log. Final judgment on water well construction that 
would be required to prevent intermingling of waters of different qualities shall be at the 
discretion of the District. At a minimum, an annular seal of fifty (50) feet is required for all new 
water wells.    

3.2.2.2 Wells that Penetrate Zones Containing Poor-quality Water, Pollutants, or 
Contaminants 

Geologic units known to contain poor-quality water, pollutants, or contaminants require 
precautions (i.e., conductor casing) to isolate zones containing poor-quality water, pollutants, or 
contaminants during drilling and well construction operations. The precaution is necessary so 
that poor-quality water, pollutants, or contaminants do not move through the borehole during 
drilling and well construction operations, thereby significantly degrading groundwater quality in 
other units before sealing material can be installed. The District may consider substitutions to a 
conductor casing on a case-by-case basis, provided the proposed substitution is acceptable to the 
District and is equal to or exceeds these Standards in performance and level of protection. 
Additional information regarding conductor casings is located in Section 3.2.6.1. 

3.2.2.3 Sealing Materials and Placement 
(1) Water 

The water used to prepare sealing mixtures must be of drinking water quality. 
 

(2) Grout 
The sealing material shall be a neat cement grout composed of one sack of Portland Type 
I/II Cement (94 lbs.) or Portland Type II/V to five gallons of clean water or a sand-
cement slurry with a minimum of eleven (11) sacks of Portland Cement per cubic yard of 
sand-cement slurry. The sand-cement slurry must be mixed at a batch plant; mixing of 
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sand-cement slurries onsite will not be allowed. Cement-based sealing materials shall be 
mixed thoroughly to provide uniformity and ensure that no lumps exist. 

 
(3) Minimum Set and Curing Time 

The minimum time required for sealing materials containing Portland Cement to set and 
begin curing before construction operations on a well can be resumed is seventy-two (72) 
hours. 

 
(4) Bentonite 

A bentonite spacer or transition seal can be used, but is considered part of the gravel 
pack. Bentonite clay products must be specifically prepared for such use, and the 
preparation and placement of bentonite clay products shall follow the manufacturer’s 
specifications. Bentonite is allowed as an additive to cement-based sealing mixes, at a 
ratio of up to 5% percent by weight of cement used. Bentonite shall not be used as a 
sealing material. 

 
(5) Radial Thickness of Seal 

A minimum of two (2) inches of sealing material shall be maintained between the casing 
and the borehole wall, within the interval to be sealed. In addition, two (2) inches of 
sealing material shall be maintained between each casing, such as permanent conductor 
casing, well casing (including the diameter of joint areas), gravel fill pipes, etc. 

 
(6) Centralizers 

Well centralizers are to be attached to the well column every twenty-five (25) feet for 
water wells so that the well casing can be properly centered in the borehole. Centralizers 
shall be metal or plastic and must be positioned to allow the proper placement of sealing 
material around the casing within the interval to be sealed. Any metallic component of a 
centralizer used with metallic casing shall consist of the same material as the casing.  
Metallic centralizer components shall meet the same metallurgic specifications and 
standards as the metallic casing to reduce the potential for galvanic corrosion of the 
casing. 

 
(7) Placement 

The sealing material shall be placed in one continuous operation until the specified 
interval or borehole is filled.   

 
(8) Free-fall Grouting 

Sealing materials may be installed by “free-fall” from the surface if the interval to be 
sealed has less than five (5) feet of water present and the total depth is less than thirty 
(30) feet deep. 

 
(9) Tremie Grouting 

If five (5) feet or more of standing water is present or if there is more than a thirty (30) 
foot length to be sealed, the sealing material shall be placed by means of a tremie pipe 
(maximum diameter of 3 inches) lowered to within three (3) feet of the underlying layer 
of material or bottom of the well. The sealing material shall be placed in one continuous 
operation until the specified interval or borehole is filled. If a tremie pipe is used, the end 
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of the tremie pipe shall remain in place in the sealing material until placement is 
complete. 

3.2.3 Surface Construction Features 
Specifications for surface construction features are discussed in Part II, Section 10 of the Water 
Well Standards in DWR Bulletins 74-81 and 74-90.   

3.2.4 Disinfection and Other Sanitary Requirements 
Specifications for disinfection and other sanitary requirements are discussed in Part II, Section 
11 of the Water Well Standards in DWR Bulletins 74-81 and 74-90.   
 
Prior to the commencement of drilling each hole, the drilling equipment, such as drill stem and 
augers, shall be cleaned to avoid the introduction of off-site contamination or cross 
contamination between well installation activities.   

3.2.4.1 Disinfection 
All wells producing water for domestic use (i.e., drinking or food processing) shall be disinfected 
following construction, repair, or when work is done on the pump, before the well is placed in 
service. 

3.2.4.2 Gravel 
Gravel used in gravel-packed wells shall come from clean sources and should be thoroughly 
washed before being placed in the well. Gravel purchased from a supplier should be washed at 
the pit or plant prior to delivery to the well site. 
 
During the placement of the gravel in the annular space, disinfectants (usually sodium 
hypochlorite in tablet or granular form) shall be added to the gravel at a uniform rate (two tablets 
per cubic foot or one pound of the granular form per cubic yard). 

3.2.5 Casing 
Specifications for casing are discussed in Part II, Section 12 of the Water Well Standards in 
DWR Bulletins 74-81 and 74-90.   
 
All casing materials used in well construction shall be new. All PVC casings shall be joined by 
flush threaded or locking bell joints; no glue, tape, or cements shall be used unless approved by 
the District. Casing shall be equipped with centering guides or “centralizers” to ensure the even 
radial thickness of the annular seal (see Section 3.2.2.3). The bottom of all well casings shall be 
plugged or capped to prevent sediment or rock from entering the well.  

3.2.6 Sealing-off Strata 
Specifications for sealing-off strata are discussed in Part II, Section 13 of the Water Well 
Standards in DWR Bulletins 74-81 and 74-90.   

3.2.6.1 Conductor Casing 
Geologic units known to contain poor-quality water, pollutants, or contaminants require 
precautions (i.e., conductor casing) to isolate zones containing poor-quality water, pollutants, or 
contaminants during drilling and well construction operations. The precaution is necessary so 
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that poor-quality water, pollutants, or contaminants do not move through the borehole during 
drilling and well construction operations, thereby significantly degrading groundwater quality in 
other units before sealing material can be installed. The District may consider substitutions to a 
conductor casing on a case-by-case basis, provided the proposed substitution is acceptable to the 
District and is equal to or exceeds these Standards in performance and level of protection. 
 
If a permanent conductor casing is to be installed to facilitate the construction of a well, steel 
casing must be used. In no case shall PVC casing be used as conductor casing. The conductor 
casing must be installed in an oversized hole at least four (4) inches greater in diameter than the 
outside diameter of the permanent conductor casing. The conductor casing must be driven or 
pushed a minimum of two to three feet into an aquitard above the aquifer where the well will be 
installed.   
 
The annular space between the borehole wall and conductor casing must be effectively sealed to 
prevent it from being a preferential pathway for either the movement of pollutants or 
contaminants from surface spills and leaks or from poor-quality water interaquifer flow.   

3.2.6.2 Multiple Screens 
Multiple screens may not be installed in more than one aquifer, if one or more of the aquifers 
contains water that, if allowed to mix in sufficient quantity, will result in a significant 
deterioration of the quality of water in the other aquifer(s) or the quality of water produced. The 
strata producing such poor-quality water shall be effectively sealed off to prevent entrance of the 
water into the well or its migration to other aquifer(s). In order to seal off questionable water 
quality, the depth of the annular seal of the well shall extend through the zone of poor-quality 
water and into the immediate overlying aquitard above the water-bearing zone in which the well 
is perforated or screened.   

3.2.6.3 Filter Material 
The gravel or filter pack shall not extend into any confining layers that overlie or underlie the 
targeted aquifer, unless otherwise approved by the District.  

3.2.7 Well Development 
Specifications for well development are discussed in Part II, Section 14 of the Water Well 
Standards in DWR Bulletins 74-81 and 74-90.   
 
If mechanical development procedures are to be used, the well seal must be allowed to bond to 
the casing for 72 hours prior to development.   

3.2.8 Water Quality and Quantity for Individual Water Wells 
Specifications for water quality sampling are discussed in Part II, Section 15 of the Water Well 
Standards in DWR Bulletins 74-81 and 74-90.   
 
The Alameda County Department of Environmental Health is the regulatory agency that 
oversees the quality and quantity requirements of the water for individual water wells and other 
sources such as springs. For questions regarding water quality and quantity requirements, please 
contact the Alameda County Department of Environmental Health at (510) 567-6700 or visit 
their web site at http://www.acgov.org/aceh/septic/well_test.htm. 
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3.2.9 Rehabilitation, Repair, and Deepening of Wells 
Specifications for rehabilitation, repair, and deepening of wells are discussed in Part II, Section 
18 of the Water Well Standards in DWR Bulletins 74-81 and 74-90.   

3.2.10 Drilling Fluids and Cuttings 
Drilling fluids and cuttings shall be properly managed and disposed of in accordance with 
applicable local, regional, and state requirements. Discharge of drilling wastes into the sanitary 
sewer or storm drain is prohibited. 
 
Mud pits created to confine drilling fluids shall be properly maintained during the well drilling 
operation. It shall be the permittee’s responsibility to ensure that the mud pit is properly 
evacuated and backfilled upon completion of the job. 

3.2.11 Temporary Cover 
Specifications for temporarily covering wells are discussed in Part II, Section 19 of the Water 
Well Standards in DWR Bulletins 74-81 and 74-90.   
 
During any periods when no work is being performed on the well, such as overnight, the well 
and surrounding excavation shall be covered and secured. The cover shall be sufficiently strong 
and anchored to prevent the introduction of foreign material into the well and to protect the 
public from a potentially hazardous situation. 
 

3.3 Water Well Destruction 
The following standards establish the minimum requirements for the destruction of:  
 

• water wells 
• agricultural wells  
• community domestic wells  
• domestic wells 

• horizontal wells  
• industrial wells 
• injection wells 

 
Unless otherwise indicated in these Standards, the recommended minimum standards are 
provided in DWR’s Bulletin No. 74-2, “Water Well Standards: Alameda County” (June, 1964); 
Bulletin No. 74-81, “Water Well Standards: State of California” (December, 1981), together with 
the supplemental standards of DWR Bulletin No. 74-90, “California Well Standards; Water 
Wells, Monitoring Wells, and Cathodic Protection Wells” (June, 1991), and subsequent revisions 
and/or supplements.   
 
Specifications for well destruction are discussed in Part III of the Water Well Standards in DWR 
Bulletins 74-81 and 74-90 and under Chapter IV of DWR Bulletin 74-2.  
 
If pollutants or contaminants are discovered during the well destruction process, it shall be the 
responsibility of the permittee to notify the proper agencies and to properly contain and dispose 
of contaminated materials.  
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3.3.1 Steel Cased Wells 
Before the well is destroyed, the motor, pump column and bowl assembly, etc., must be removed 
so that the well can be investigated to determine its condition, details of construction, and 
whether there are obstructions that will interfere with the process of sealing. This may include 
the use of a downhole camera for visual inspection of the well. 
 
Steel cased wells must be redrilled or cleaned out to their original depth. The well shall be 
cleaned so that all undesirable materials and obstructions such as debris, oil from oil-lubricated 
pumps, or pollutants and contaminants that could interfere with well destruction are removed for 
disposal.   
 
In order to destroy steel cased water wells, the casing must be ripped or perforated near the 
surface to prevent surface water intrusion and in aquitards between aquifers to prevent 
interconnection of the aquifers. Perforated zones are required for water well destructions in order 
to insure that sealing material fills any voids in the annular space and to prevent inter-aquifer 
flow, either through the well or outside of the casing. The well casing shall be ripped or 
perforated with a minimum 3/8-inch Mills Knife perforator. An alternate process to rip or 
perforate the casing may also be approved if it equals or exceeds this standard in performance 
and level of protection. In destroying gravel-packed wells, the sealing material will be placed 
within the casing and forced out under pressure into the gravel envelope through the perforated 
intervals. A typical steel cased water well destruction is shown on Figure No. 2 in Appendix D. 
 
Sealing materials shall consist of the following: 

 
(1) Water 

The water used to prepare sealing mixtures must be of drinking water quality. 
 

(2) Grout 
The sealing material shall be a neat cement grout composed of one sack of Portland Type 
I/II Cement (94 lbs.) or Portland Type II/V to five gallons of clean water or a sand-
cement slurry with a minimum of eleven (11) sacks of Portland Cement per cubic yard of 
sand-cement slurry. The sand-cement slurry must be mixed at a batch plant; mixing of 
sand-cement slurries onsite will not be allowed. Cement-based sealing materials shall be 
mixed thoroughly to provide uniformity and ensure that no lumps exist. 

 
(3) Bentonite 

Bentonite is allowed as an additive to cement-based sealing mixes, at a ratio of up to 5% 
percent by weight of cement used. Bentonite shall not be used as a sealing material. 
 

The sealing material shall be placed in one of the following methods in one continuous operation 
until the specified interval or borehole is filled: 
 

(1) Free-fall Grouting 
Sealing materials may be installed by “free-fall” from the surface if the interval to be 
sealed has less than five (5) feet of water present and the total depth is less than thirty 
(30) feet deep. 

 

Page 16 
 



 

(2) Tremie Grouting 
If five (5) feet or more of standing water is present or if there is more than a thirty (30) 
foot length to be sealed, the sealing material shall be placed by means of a tremie pipe 
(maximum diameter of 3 inches) lowered to within three (3) feet of the underlying layer 
of material or bottom of the well. The sealing material shall be placed in one continuous 
operation until the specified interval or borehole is filled. If a tremie pipe is used, the end 
of the tremie pipe shall remain in place in the sealing material until placement is 
complete. 

 
After the well is properly sealed, a hole shall be excavated around the well casing to a depth of 
five (5) feet below ground surface and the well casing removed to the bottom of the excavation.  
Any well that is destroyed within a road right-of-way must be excavated to a depth of ten (10) 
feet below ground surface. The sealing material used for the upper portion of the well shall be 
allowed to spill over into the excavation to form a cap. After the well has been properly filled, 
including sufficient time for sealing material in the excavation to set, the excavation shall be 
backfilled to finished grade with compacted material, to conform to native conditions. 

3.3.2 Non-Steel Cased Wells 
Before the well is destroyed, the motor, pump column and bowl assembly, etc., must be removed 
so that the well can be investigated to determine its condition, details of construction, and 
whether there are obstructions that will interfere with the process of sealing. This may include 
the use of a downhole camera for visual inspection of the well. 
 
All PVC and other non-steel cased wells shall be destroyed by drilling and removing all well 
construction materials such as casing, screen, cement seal, gravel or sandpack, etc. to the full 
depth and diameter of the original boring; the hole shall then be backfilled with approved sealing 
materials. Sealing material and placement must conform to Section 3.3.1 of these Standards.   
 

3.4 Monitoring Well Construction 
The following Standards establish the minimum requirements for the construction of:  
 

• monitoring wells for sampling 
• monitoring wells for water levels 
• extraction wells  
• horizontal wells 
• injection wells 

• nested wells 
• piezometers 
• vapor monitoring wells 
• vapor extraction wells 
• vadose monitoring wells 

 
Unless otherwise indicated in these Standards, the recommended minimum standards are 
provided in the DWR Bulletin No. 74-2, “Water Well Standards: Alameda County” (June, 1964); 
Bulletin No. 74-81, “Water Well Standards: State of California” (December, 1981), together with 
the supplemental standards of DWR Bulletin No. 74-90, “California Well Standards; Water 
Wells, Monitoring Wells, and Cathodic Protection Wells” (June, 1991), and subsequent revisions 
and/or supplements.   
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Specifications for monitoring well constructions are discussed in Part II of the Monitoring Well 
Standards in DWR Bulletin 74-90. A typical monitoring well construction is shown on Figure 
No. 3 in Appendix D. 

3.4.1 Well Location with Respect to Contaminants and Pollutants 
Specifications for monitoring well location with respect to contaminants and pollutants are 
discussed in Part II, Section 8 of the Monitoring Well Standards in DWR Bulletin 74-90. 
 
Monitoring wells installed for the purpose of investigation or monitoring of cleanup sites are not 
subject to the minimum horizontal distance requirements. All other monitoring wells are subject 
to the same minimum horizontal distance requirements as water wells (Section 3.2.1). 

3.4.2 Sealing the Upper Annular Space 
Specifications for sealing the upper annular space are discussed in Part II, Section 9 of the 
Monitoring Well Standards in DWR Bulletin 74-90. 
 
Drilling may be accomplished through a variety of methods. For the construction of all 
monitoring wells, a drilling method should be chosen that is large enough to provide at least a 
two-inch annular space between the outside of the well casing and the borehole wall. The annular 
space between the borehole wall and casing must be effectively sealed to prevent it from being a 
preferential pathway for either the movement of pollutants, contaminants from surface spills and 
leaks, or from poor-quality water flow between aquifers. The annular seal can also serve to 
protect the structural integrity of the well casing and to protect the casing from chemical attack 
and corrosion. In no case will an outer casing or conductor casing be an acceptable substitute for 
an annular seal. 
 

3.4.2.1 Minimum Depth of Seal 
The depth of the required annular seal for monitoring wells will depend on the geologic setting 
and will be determined by the District on a case by case basis. During well construction, the 
permittee shall provide some method for the determination of groundwater quality characteristics 
of the major aquifers penetrated so that a judgment can be made as to whether or not inter-
aquifer groundwater flow (also known as intermingling) will be allowed. Such determination can 
consist of evaluation of data from adjacent wells, evaluation of samples of formation materials 
encountered, or by running a geophysical log. Final judgment on monitoring well construction 
that would be required to prevent intermingling of waters of different qualities shall be at the 
discretion of the District.   
 
The minimum seal requirement for monitoring wells installed in the shallow water-bearing zone 
is 5 feet below ground surface. Exceptions to the minimum seal depth may be approved by the 
District on a case by case basis for wells located in areas where shallow groundwater conditions 
are known to exist. 

3.4.2.2 Wells that Penetrate Zones Containing Poor-quality Water, Pollutants, or 
Contaminants 

Geologic units known to contain poor-quality water, pollutants, or contaminants require 
precautions (i.e., conductor casing) to isolate zones containing poor-quality water, pollutants, or 
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contaminants during drilling and well construction operations. The precaution is necessary so 
that poor-quality water, pollutants, or contaminants do not move through the borehole during 
drilling and well construction operations, thereby significantly degrading groundwater quality in 
other units before sealing material can be installed. The District may consider substitutions to a 
conductor casing on a case-by-case basis, provided the proposed substitution is acceptable to the 
District and is equal to or exceeds these Standards in performance and level of protection. 
Additional information regarding conductor casings is located in Section 3.4.7.1. 

3.4.2.3 Sealing Materials and Placement 
(1) Water 

The water used to prepare sealing mixtures must be of drinking water quality. 
 

(2) Grout 
The sealing material shall be a neat cement grout composed of one sack of Portland Type 
I/II Cement (94 lbs.) or Portland Type II/V to five gallons of clean water or a sand-
cement slurry with a minimum of eleven (11) sacks of Portland Cement per cubic yard of 
sand-cement slurry. The sand-cement slurry must be mixed at a batch plant; mixing of 
sand-cement slurries onsite will not be allowed. Cement-based sealing materials shall be 
mixed thoroughly to provide uniformity and ensure that no lumps exist. 

 
(3) Minimum Set and Curing Time 

The minimum time required for sealing materials containing Portland Cement to set and 
begin curing before construction operations on a well can be resumed is seventy-two (72) 
hours. 

 
(4) Bentonite 

A bentonite spacer or transition seal can be used, but is considered part of the gravel 
pack. Bentonite clay products must be specifically prepared for such use, and the 
preparation and placement of bentonite clay products shall follow the manufacturer’s 
specifications. Bentonite is allowed as an additive to cement-based sealing mixes, at a 
ratio of up to 5% percent by weight of cement used. Bentonite shall not be used as a 
sealing material. 

 
(5) Radial Thickness of Seal 

A minimum of two (2) inches of sealing material shall be maintained between all casings 
and the borehole wall, within the interval to be sealed. In addition, two (2) inches of 
sealing material shall be maintained between each casing, such as between a permanent 
conductor casing and the well casing. 

 
(6) Centralizers 

Well centralizers are to be attached to the well column every 15 feet in monitoring wells 
so that the well casing can be properly centered in the borehole. Centralizers shall be 
metal, plastic, or other non-degradable material and must be positioned to allow the 
proper placement of sealing material around the casing within the interval to be sealed. 
Centralizers are not required when constructing through the center of a hollow-stem 
auger. Any metallic component of a centralizer used with metallic casing shall consist of 
the same material as the casing. Metallic centralizer components shall meet the same 
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metallurgic specifications and standards as the metallic casing to reduce the potential for 
galvanic corrosion of the casing. 

 
(7) Placement 

The sealing material shall be placed in one continuous operation until the specified 
interval or borehole is filled.   

 
(8) Free-fall Grouting 

Sealing materials may be installed by “free-fall” from the surface if the interval to be 
sealed has less than five (5) feet of water present and the total depth is less than thirty 
(30) feet deep. 

 
(9) Tremie Grouting 

If five (5) feet or more of standing water is present or if there is more than a thirty (30) 
foot length to be sealed, the sealing material shall be placed by means of a tremie pipe 
(maximum diameter of 3 inches) lowered to within three (3) feet of the underlying layer 
of material or bottom of the well. The sealing material shall be placed in one continuous 
operation until the specified interval or borehole is filled. If a tremie pipe is used, the end 
of the tremie pipe shall remain in place in the sealing material until placement is 
complete. 

3.4.3 Surface Construction Features 
Specifications for surface construction features are discussed in Part II, Section 10 of the 
Monitoring Well Standards in DWR Bulletin 74-90.   
 
The surface construction features should protect the well from unauthorized access, as well as, 
physical damage and the entrance of surface water, pollutants, and contaminants. Examples of 
surface construction features include, but is not limited to, a locking cover, water tight casing 
cap, concrete base or pad, traffic rated well boxes or vaults, and bollards. A typical flush 
mounted traffic rated well box and a typical protective riser and bollard are shown on Figures 
No. 4 and 5 in Appendix D, respectively.   

3.4.4 Special Precautions for Areas of Known Contamination   
Appropriate safety measures should be applied in the possible presence of hazardous materials. 
Prior to the commencement of drilling each hole, the drilling equipment, such as drill stem and 
augers, shall be cleaned to avoid the introduction of off-site contamination or cross 
contamination between well installation activities.   

3.4.5 Filter Packs 
Specifications for filter packs are discussed in Part II, Section 11 of the Monitoring Well 
Standards in DWR Bulletin 74-90. 
 
The filter pack shall not extend into any confining layers that overlie or underlie the water 
bearing zone to be monitored, unless otherwise approved by the District. 
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3.4.6 Casing 
Specifications for casing are discussed in Part II, Section 12 of the Monitoring Well Standards in 
DWR Bulletin 74-90.   
 
All casing materials used in well construction shall be new. All PVC cased wells shall have a 
minimum diameter of two (2) inches. All PVC casings shall be joined by flush threaded joints; 
no glue, tape, or cements shall be used. Casing shall be equipped with centering guides or 
“centralizers” to ensure the even radial thickness of the annular seal. Centralizers may not be 
required when constructing through the center of a hollow-stem auger. 
 
For wells screened in the shallow water-bearing zone, the placement of the uppermost slot or 
perforation should reflect anticipated fluctuations in the water table. No well screens shall be 
allowed to connect two relatively permeable lenses which appear to be separated by a relatively 
impermeable zone without the approval of the District. The bottom of all monitoring well 
casings shall be plugged or capped to prevent sediment or rock from entering the well.  

3.4.7 Sealing-off Strata 

3.4.7.1 Conductor Casing 
If a permanent conductor casing is to be installed to facilitate the construction of a well, steel 
casing must be used. In no case shall PVC casing be used as conductor casing. The conductor 
casing must be installed in an oversized hole, at least four (4) inches greater in diameter than the 
outside diameter of the permanent conductor casing. The conductor casing must be driven or 
pushed a minimum of two to three feet into an aquitard above the aquifer where the well will be 
installed. A typical monitoring well construction with a conductor casing is shown on Figure No. 
6 in Appendix D. 
 
The annular space between the borehole wall and conductor casing must be effectively sealed to 
prevent it from being a preferential pathway for either the movement of pollutants or 
contaminants from surface spills and leaks or from poor-quality water interaquifer flow.   

3.4.7.2 Multiple Screens 
Multiple screens may not be installed in more than one aquifer, if one or more of the aquifers 
contains water that, if allowed to mix in sufficient quantity, will result in a significant 
deterioration of the quality of water in the other aquifer(s) or the quality of water produced. The 
strata producing such poor-quality water shall be effectively sealed off to prevent entrance of the 
water into the well or its migration to other aquifer(s). In order to seal off questionable water 
quality, the depth of the annular seal of the well shall extend through the zone of poor-quality 
water and into the immediate overlying aquitard above the water-bearing zone in which the well 
is perforated or screened.   

3.4.8 Well Development 
Specifications for well development are discussed in Part II, Section 13 of the Monitoring Well 
Standards in DWR Bulletin 74-90.   
 
All new groundwater monitoring wells shall be initially developed to clean the well and to 
stabilize the sand, gravel, and aquifer materials around the slots/perforations. Well development 
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may be accomplished by bailing, mechanical or air lift pumping, surging or swabbing. If 
mechanical development procedures are to be used, the well seal must be allowed to bond to the 
casing for 72 hours prior to development. Since development can volatilize contaminants 
present, the well must be allowed to settle for at least 72 hours between development and the first 
purging/sampling event. 

3.4.9 Rehabilitation and Repair of Monitoring Wells 
Specifications for rehabilitation and repair are discussed in Part II, Section 14 of the Monitoring 
Well Standards in DWR Bulletin 74-90. 

3.4.10 Drilling Fluids and Cuttings 
Drilling fluids and cuttings shall be properly managed and disposed of in accordance with 
applicable local, regional, and state requirements. Discharge of drilling wastes into the sanitary 
sewer or storm drain is prohibited. 
 
Mud pits created to confine drilling fluids shall be properly maintained during the well drilling 
operation. It shall be the permittee’s responsibility to see that the mud pit is properly evacuated 
and backfilled upon completion of the job. 

3.4.11 Temporary Cover 
Specifications for temporary covers are discussed in Part II, Section 15 of the Monitoring Well 
Standards in DWR Bulletin 74-90.   
 
During any periods when no work is being performed on the well, such as overnight, the well 
and surrounding excavation shall be covered and secured. The cover shall be sufficiently strong 
and anchored to prevent the introduction of foreign material into the well and to protect the 
public from a potentially hazardous situation. 

3.4.12 Injection Wells 
Monitoring wells used to inject gas, water, or fluids to enhance remediation at cleanup sites are 
permitted on a case by case basis. These wells have been identified by the EPA as Class V 
Injection Wells. For more information regarding EPA reporting requirements please visit the 
EPA Region 9 website at http://www.epa.gov/region09/water/groundwater/uic-classv.html or 
email Elizabeth Janes at janes.elizabeth@epa.gov. 
 

3.5 Monitoring Well Destruction 
The following standards establish the minimum requirements for the destruction of:  
 

• monitoring wells for sampling 
• monitoring wells for water levels 
• extraction wells  
• horizontal wells 
• injection wells 

• nested wells 
• piezometers 
• vapor monitoring wells 
• vapor extraction wells 
• vadose monitoring wells 
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Unless otherwise indicated in these Standards, the recommended minimum standards are 
provided in DWR Bulletin No. 74-2, “Water Well Standards: Alameda County” (June, 1964); 
Bulletin No. 74-81, “Water Well Standards: State of California” (December, 1981), together with 
the supplemental standards of DWR Bulletin No. 74-90, “California Well Standards; Water 
Wells, Monitoring Wells, and Cathodic Protection Wells” (June, 1991), and subsequent revisions 
and/or supplements.   
 
Specifications for monitoring well destructions are discussed in Part III of the Monitoring Well 
Standards in DWR Bulletin 74-90. A typical monitoring well destruction by hollow stem auger is 
shown on Figure No. 7 in Appendix D. 
 
If pollutants or contaminants are discovered during the well destruction process, it shall be the 
responsibility of the permittee to notify the proper agencies and to properly contain and dispose 
of contaminated materials.  

3.5.1 Steel Cased Wells 
Before the well is destroyed, all appurtenances must be removed so that the well can be 
investigated to determine its condition and details of its construction. The well shall be sounded 
to determine if there are obstructions that will interfere with the process of sealing. This may 
include the use of a downhole camera for visual inspection of the well. 
 
Steel cased monitoring wells are subject to the same destruction requirements as water wells. If 
the steel well will be destroyed by overdrilling, then it shall be destroyed by drilling and 
removing all well construction materials such as casing, screen, cement seal, gravel or sandpack, 
etc. to the full depth and diameter of the original boring; the hole shall then be backfilled with 
approved sealing materials.   
 
Sealing materials shall consist of the following: 

(1) Water 
The water used to prepare sealing mixtures must be of drinking water quality. 

 
(2) Grout 

The sealing material shall be a neat cement grout composed of one sack of Portland Type 
I/II Cement (94 lbs.) or Portland Type II/V to five gallons of clean water or a sand-
cement slurry with a minimum of eleven (11) sacks of Portland Cement per cubic yard of 
sand-cement slurry. The sand-cement slurry must be mixed at a batch plant; mixing of 
sand-cement slurries onsite will not be allowed. Cement-based sealing materials shall be 
mixed thoroughly to provide uniformity and ensure that no lumps exist. 

 
(3) Bentonite 

Bentonite is allowed as an additive to cement-based sealing mixes, at a ratio of up to 5% 
percent by weight of cement used. Bentonite shall not be used as a sealing material. 
 

The sealing material shall be placed in one of the following methods in one continuous operation 
until the specified interval or borehole is filled: 
 

(1) Free-fall Grouting 
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Sealing materials may be installed by “free-fall” from the surface if the interval to be 
sealed has less than five (5) feet of water present and the total depth is less than thirty 
(30) feet deep. 

 
(2) Tremie Grouting 

If five (5) feet or more of standing water is present or if there is more than a thirty (30) 
foot length to be sealed, the sealing material shall be placed by means of a tremie pipe 
(maximum diameter of 3 inches) lowered to within three (3) feet of the underlying layer 
of material or bottom of the well. The sealing material shall be placed in one continuous 
operation until the specified interval or borehole is filled. If a tremie pipe is used, the end 
of the tremie pipe shall remain in place in the sealing material until placement is 
complete. 

3.5.2 Non-Steel Cased Wells 
Before the well is destroyed, all appurtenances must be removed so that the well can be 
investigated to determine its condition and details of its construction. The well shall be sounded 
to determine if there are obstructions that will interfere with the process of sealing. This may 
include the use of a downhole camera for visual inspection of the well. 
 
All PVC and other non-steel cased wells shall be destroyed by drilling and removing all well 
construction materials such as casing, screen, cement seal, gravel or sandpack, etc. to the full 
depth and diameter of the original boring; the hole shall then be backfilled with approved sealing 
materials. Sealing material and placement must conform to Section 3.5.1 of these Standards.   
 

3.6 Geothermal Heat Exchange Well Construction 
In April 1999, DWR issued draft well standards for geothermal heat exchange wells; however, 
DWR has not adopted the draft document as formal standards. Therefore, the following are the 
minimum requirements for geothermal heat exchange wells.   

3.6.1 Well Location with Respect to Contaminants and Pollutants 
Since geothermal heat exchange wells can act as vertical or horizontal conduits for 
contamination, geothermal heat exchange wells are subject to the same minimum horizontal 
distance requirements as water wells (Section 3.2.1). 

3.6.2 Construction and Sealing the Upper Annular Space  
The depth, diameter, and sealing material required for the annular seal for geothermal heat 
exchange wells will depend on the geologic setting and will be determined by the District on a 
case by case basis. During the permit approval process, the permittee shall provide some method 
for the determination of groundwater quality characteristics of the major aquifers penetrated so 
that a judgment can be made as to whether or not intermingling will be allowed. Such 
determination can consist of evaluation of data from adjacent wells, evaluation of samples of 
formation materials encountered, or by running a geophysical log. Final judgment on the seal 
requirements that would be required to prevent intermingling of waters of different qualities shall 
be at the discretion of the District.   
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3.6.3 Allowed Fluid Systems  
In order to protect the groundwater basin, potable water is the only approved fluid for use in 
geothermal heat exchange systems. 

 

3.7 Geothermal Heat Exchange Well Destruction 
All geothermal heat exchange wells that are no longer needed or have been classified as 
abandoned must be properly destroyed in order to protect the groundwater basin and to eliminate 
potential physical hazards.   
 
Destruction specifications for geothermal heat exchange wells will be determined on a case by 
case basis and will depend on the location, geologic setting, and how the well was constructed.  
At a minimum, the casing and appurtenances must be removed and backfilled with approved 
sealing material to a depth specified by the District.   
 
 

3.8 Dewatering Well Construction 

3.8.1 Permanent Dewatering Wells   
Permanent dewatering wells are subject to the same construction standards as water wells 
(Section 3.2). 

3.8.2 Temporary Dewatering Wells   
Drilling may be accomplished through a variety of methods. The filter pack shall not extend into 
any confining layers that overlie or underlie the unit to be dewatered, unless otherwise approved 
by the District. A water tight cover shall be installed to prevent it from being a preferential 
pathway for the movement of pollutants, contaminants from surface spills and leaks. 
 
Dewatering wells located within or adjacent to areas where known contaminated sites exist may 
impact the remediation and cleanup of those sites. Therefore, it shall be the permittee’s 
responsibility to notify the appropriate local oversight agency as well as to ensure the proper 
disposal of the groundwater in accordance with Federal, State, and local regulations. 
 

3.9 Dewatering Well Destruction 

3.9.1 Permanent Dewatering Wells   
Permanent dewatering wells are subject to the same destruction standards as water wells (Section 
3.3). 

3.9.2 Temporary Dewatering Wells   
Destruction specifications for temporary dewatering wells will be determined on a case by case 
basis and will depend on the location, geologic setting, and how the well was constructed. At a 
minimum, the casing and appurtenances must be removed and the borehole backfilled with 
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approved sealing material to a depth specified by the District. Sealing material and placement 
must conform to Section 3.3.1 of these Standards.   
 

3.10 Exploratory Holes 
Unless otherwise indicated in these Standards, the recommended minimum standards are 
provided in DWR Bulletin No. 74-90, “California Well Standards; Water Wells, Monitoring 
Wells, and Cathodic Protection Wells” (June, 1991), and subsequent revisions and/or 
supplements.   
 
All exploratory holes must be properly destroyed by backfilling the exploratory hole with 
approved sealing materials.   
 
Sealing materials shall consist of the following: 

(1) Water 
The water used to prepare sealing mixtures must be of drinking water quality. 

 
(2) Grout 

The sealing material shall be a neat cement grout composed of one sack of Portland Type 
I/II Cement (94 lbs.) or Portland Type II/V to five gallons of clean water or a sand-
cement slurry with a minimum of eleven (11) sacks of Portland Cement per cubic yard of 
sand-cement slurry. The sand-cement slurry must be mixed at a batch plant; mixing of 
sand-cement slurries onsite will not be allowed. Cement-based sealing materials shall be 
mixed thoroughly to provide uniformity and ensure that no lumps exist. 

 
(3) Bentonite 

Bentonite is allowed as an additive to cement-based sealing mixes, at a ratio of up to 5% 
percent by weight of cement used. Bentonite shall not be used as a sealing material. 
 

The sealing material shall be placed in one of the following methods in one continuous operation 
until the specified interval or borehole is filled: 

(1) Free-fall Grouting 
Sealing materials may be installed by “free-fall” from the surface if the interval to be 
sealed has less than five (5) feet of water present and the total depth is less than thirty 
(30) feet deep. 

 
(2) Tremie Grouting 

If five (5) feet or more of standing water is present or if there is more than a thirty (30) 
foot length to be sealed, the sealing material shall be placed by means of a tremie pipe 
(maximum diameter of 3 inches) lowered to within three (3) feet of the underlying layer 
of material or bottom of the well. If a tremie pipe is used, the end of the tremie pipe shall 
remain in place in the sealing material until placement is complete. 
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3.10.1 Special Provisions 

3.10.1.1 Temporary Soil Vapor Sampling 
All temporary soil vapor probes and construction materials must be destroyed by overdrilling to 
the full depth and diameter of the original borehole the same day they are installed.   

3.10.1.2 Percolation Tests 
All percolation tests must be completed the same day they are installed. All construction 
materials must be removed by over drilling to the full depth and diameter of the original 
borehole.   

3.10.1.3 Injection Boreholes 
Exploratory boreholes used to inject gas or fluids to enhance remediation at cleanup sites are 
permitted on a case by case basis. These boreholes have been identified by the EPA as Class V 
Injection Wells. For more information regarding EPA reporting requirements please visit the 
EPA Region 9 website at http://www.epa.gov/region09/water/groundwater/uic-classv.html or 
email Elizabeth Janes at janes.elizabeth@epa.gov. 

3.10.1.4 Direct Push or Cone Penetrometer Boreholes 
The sealing material for direct push and cone penetrometer test holes with a diameter less than 3 
inches shall be a neat cement grout composed of one sack of Portland Type I/II Cement (94 lbs.) 
or Portland Type II/V to six gallons of clean water. 
 

3.11 Other Excavations 

3.11.1 Cathodic Protection Well Construction 
Unless otherwise indicated in these Standards, the recommended minimum standards are 
provided in DWR Bulletin No. 74-90, “California Well Standards; Water Wells, Monitoring 
Wells, and Cathodic Protection Wells” (June, 1991), and subsequent revisions and/or 
supplements.   
 
Specifications for cathodic protection well constructions are discussed in Part II of the Cathodic 
Protection Well Standards in DWR Bulletin 74-90. A typical cathodic protection well 
construction is shown on Figure No. 8 in Appendix D. 

3.11.1.1 Well Location with Respect to Contaminants and Pollutants 
Specifications for cathodic protection well location with respect to contaminants and pollutants 
are discussed in Part II, Section 6 of the Cathodic Protection Well Standards in DWR Bulletin 
74-90. 
 
Cathodic protection wells are subject to the same minimum horizontal distance requirements as 
water wells (Section 3.2.1). 

3.11.1.2 Sealing the Upper Annular Space 
Specifications for sealing the upper annular space are discussed in Part II, Section 7 of the 
Cathodic Protection Well Standards in DWR Bulletin 74-90. 
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Drilling may be accomplished through a variety of methods. For the construction of all cathodic 
protection wells, a drilling method should be chosen that is large enough to provide at least a 
two-inch annular space between the outside of the well casing and the borehole wall. The annular 
space between the borehole wall and casing must be effectively sealed to prevent it from being a 
preferential pathway for either the movement of pollutants, contaminants from surface spills and 
leaks, or from poor-quality water flow between aquifers. The annular seal can also serve to 
protect the structural integrity of the well casing and to protect the casing from chemical attack 
and corrosion. In no case will an outer casing or conductor casing be an acceptable substitute for 
an annular seal. 

3.11.1.2.1 Minimum Depth of Seal 
The depth, diameter, and sealing material required for the annular seal for cathodic protection 
wells will depend on the geologic setting and the requirements of the metallic equipment to be 
protected and will be approved by the District on a case by case basis. During the permit 
approval process, the permittee shall provide some method for the determination of groundwater 
quality characteristics of the major aquifers penetrated so that a judgment can be made as to 
whether or not intermingling will be allowed. Such determination can consist of evaluation of 
data from adjacent wells, evaluation of samples of formation materials encountered, or by 
running a geophysical log. Final judgment on the seal requirements that would be required to 
prevent intermingling of waters of different qualities shall be at the discretion of the District.   
 

3.11.1.2.2 Sealing Materials and Placement 
(1) Water 

The water used to prepare sealing mixtures must be of drinking water quality. 
 

(2) Grout 
The sealing material shall be a neat cement grout composed of one sack of Portland Type 
I/II Cement (94 lbs.) or Portland Type II/V to five gallons of clean water or a sand-
cement slurry with a minimum of eleven (11) sacks of Portland Cement per cubic yard of 
sand-cement slurry. The sand-cement slurry must be mixed at a batch plant; mixing of 
sand-cement slurries onsite will not be allowed. Cement based sealing materials shall be 
mixed thoroughly to provide uniformity and ensure that no lumps exist. 

 
(3) Minimum Set and Curing Time 

The minimum time required for sealing materials containing Portland Cement to set and 
begin curing before construction operations on a well can be resumed is seventy-two (72) 
hours. 

 
(4) Bentonite 

A bentonite spacer or transition seal can be used, but is considered part of the gravel 
pack. Bentonite clay products must be specifically prepared for such use, and the 
preparation and placement of bentonite clay products shall follow the manufacturer’s 
specifications. Bentonite is allowed as an additive to cement-based sealing mixes, at a 
ratio of up to 5% percent by weight of cement used. Bentonite shall not be used as a 
sealing material. 
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(5) Radial Thickness of Seal 

A minimum of two (2) inches of sealing material shall be maintained between all casings 
and the borehole wall, within the interval to be sealed. In addition, two (2) inches of 
sealing material shall be maintained between each casing, such as between a permanent 
conductor casing and the well casing. 

 
(6) Centralizers 

Well centralizers are to be attached to the well column every 25 feet in cathodic 
protection wells so that the well casing can be properly centered in the borehole.  
Centralizers shall be metal, plastic, or other non-degradable material and must be 
positioned to allow the proper placement of sealing material around the casing within the 
interval to be sealed. Centralizers are not required when constructing through the center 
of a hollow-stem auger. Any metallic component of a centralizer used with metallic 
casing shall consist of the same material as the casing. Metallic centralizer components 
shall meet the same metallurgic specifications and standards as the metallic casing to 
reduce the potential for galvanic corrosion of the casing. 

 
(7) Placement 

The sealing material shall be placed in one continuous operation until the specified 
interval or borehole is filled.   
 

(8) Free-fall Grouting 
Sealing materials may be installed by “free-fall” from the surface if the interval to be 
sealed has less than five (5) feet of water present and the total depth is less than thirty 
(30) feet deep. 

 
(9) Tremie Grouting 

If five (5) feet or more of standing water is present or if there is more than a thirty (30) 
foot length to be sealed, the sealing material shall be placed by means of a tremie pipe 
(maximum diameter of 3 inches) lowered to within three (3) feet of the underlying layer 
of material or bottom of the well. The sealing material shall be placed in one continuous 
operation until the specified interval or borehole is filled. If a tremie pipe is used, the end 
of the tremie pipe shall remain in place in the sealing material until placement is 
complete. 

3.11.1.3 Surface Construction Features 
Specifications for surface construction features are discussed in Part II, Section 8 of the Cathodic 
Protection Well Standards in DWR Bulletin 74-90.   
 
The surface construction features should protect the well from unauthorized access, as well as, 
physical damage and the entrance of surface water, pollutants, and contaminants. Examples of 
surface construction features include, but are not limited to, a locking cover, casing cap, concrete 
base or pad, traffic rated well boxes or vaults, and bollards. 
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3.11.1.4 Casing 
Specifications for casing are discussed in Part II, Section 9 of the Cathodic Protection Well 
Standards in DWR Bulletin 74-90.   
 
All casing materials used in well construction shall be new. All PVC cased wells shall have a 
minimum diameter of two (2) inches. All PVC casings shall be joined by flush threaded joints; 
no glue, tape, or cements shall be used. Casing shall be equipped with centering guides or 
“centralizers” to ensure the even radial thickness of the annular seal. Centralizers may not be 
required when constructing through the center of a hollow-stem auger. 
 
The bottom of all cathodic protection well casings shall be plugged or capped to prevent 
sediment or rock from entering the well.  

3.11.1.5 Sealing-Off Strata 
Specifications for sealing-off strata are discussed in Part II, Section 10 of the Cathodic Protection 
Well Standards in DWR Bulletin 74-90.   
 
The annular space between the borehole wall and casing must be effectively sealed to prevent it 
from being a preferential pathway for either the movement of pollutants or contaminants from 
surface spills and leaks or from poor-quality water interaquifer flow.   
 
Anodes shall not be installed in more than one aquifer, if one or more of the aquifers contains 
water that, if allowed to mix in sufficient quantity, will result in a significant deterioration of the 
quality of water in the other aquifer(s) or the quality of water produced. The strata producing 
such poor-quality water shall be effectively sealed off to prevent entrance of the water into the 
well or its migration to other aquifer(s). In order to seal off questionable water quality, the depth 
of the annular seal of the well shall extend through the zone of poor-quality water and into the 
immediate overlying aquitard above the water-bearing zone in which the anodes are placed. 

3.11.1.6 Repair of Cathodic Protection Wells 
Specifications for repair are discussed in Part II, Section 11 of the Cathodic Protection Well 
Standards in DWR Bulletin 74-90. 

3.11.1.7 Temporary Cover 
Specifications for temporary covers are discussed in Part II, Section 12 of the Cathodic 
Protection Well Standards in DWR Bulletin 74-90.   
 
During any periods when no work is being performed on the well, such as overnight, the well 
and surrounding excavation shall be covered and secured. The cover shall be sufficiently strong 
and anchored to prevent the introduction of foreign material into the well and to protect the 
public from a potentially hazardous situation. 

3.11.2 Cathodic Protection Well Destruction 
Destruction specifications for cathodic protection wells will be determined on a case by case 
basis and will depend on the location, geologic setting, and how the well was constructed. At a 
minimum, the casing, cables, and other construction materials and appurtenances must be 
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removed and the borehole backfilled with approved sealing material to a depth specified by the 
District.   
 
Sealing materials shall consist of the following: 

(1) Water 
The water used to prepare sealing mixtures must be of drinking water quality. 

 
(2) Grout 

The sealing material shall be a neat cement grout composed of one sack of Portland Type 
I/II Cement (94 lbs.) or Portland Type II/V to five gallons of clean water or a sand-
cement slurry with a minimum of eleven (11) sacks of Portland Cement per cubic yard of 
sand-cement slurry. The sand-cement slurry must be mixed at a batch plant; mixing of 
sand-cement slurries onsite will not be allowed. Cement-based sealing materials shall be 
mixed thoroughly to provide uniformity and ensure that no lumps exist. 

 
(3) Bentonite 

Bentonite is allowed as an additive to cement-based sealing mixes, at a ratio of up to 5% 
percent by weight of cement used. Bentonite shall not be used as a sealing material. 

 
The sealing material shall be placed in one of the following methods in one continuous operation 
until the specified interval or borehole is filled: 

(1) Free-fall Grouting 
Sealing materials may be installed by “free-fall” from the surface if the interval to be 
sealed has less than five (5) feet of water present and the total depth is less than thirty 
(30) feet deep. 
 

(2) Tremie Grouting 
If five (5) feet or more of standing water is present or if there is more than a thirty (30) 
foot length to be sealed, the sealing material shall be placed by means of a tremie pipe 
(maximum diameter of 3 inches) lowered to within three (3) feet of the underlying layer 
of material or bottom of the well. If a tremie pipe is used, the end of the tremie pipe shall 
remain in place in the sealing material until placement is complete. 

3.11.3 Cleanup Site Excavations  
Cleanup site excavations are associated with cleanup site activity under the oversight of either 
the Alameda County Department of Environmental Health (sites within the City of Newark), the 
District, the City of Fremont Fire Department, the City of Union City Fire Department, the 
California Department of Toxic Substances Control, or the California Regional Water Quality 
Control Board – San Francisco Bay Region. Cleanup site excavations that are not properly 
backfilled can act as a vertical conduit and may create preferential pathways that allow runoff to 
rapidly infiltrate the subsurface and bypass soils which have the capacity to remove pollutants 
and protect the groundwater supply. For this reason, cleanup site excavations are included in 
these Standards.   
 
Cleanup site excavations must be backfilled in a manner that will prevent the creation of: 1) a 
preferential pathway that could allow runoff to rapidly infiltrate the subsurface, or 2) an 
interconnection of aquifers or water-bearing zones. This can be done by using a minimum of five 
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feet of materials identified in Section 3.11.2 or by using clean, compacted, low permeability 
material near the top of the excavation so that groundwater is protected from surface 
contaminants or pollutants.  
 
This requirement does not supersede any local, state or federal regulations, but is intended to 
supplement any other regulations. 

3.11.4 Elevator Shafts  
Elevator shafts are constructed similar to wells. A borehole is drilled and a casing is installed in 
the borehole. If the annular space between the borehole wall and the casing is not properly 
sealed, it can act as a vertical conduit and may create preferential pathways that allow runoff to 
rapidly infiltrate the subsurface and bypass soils which have the capacity to remove pollutants 
and protect the groundwater supply. For this reason, elevator shafts are included in these 
Standards.   
 
The elevator shaft must be installed in an oversized hole, at least four (4) inches greater in 
diameter than the outside surface of the casing. The annular space between the borehole wall and 
casing must be effectively sealed to prevent it from being a preferential pathway for either the 
movement of pollutants or contaminants from surface spills and leaks or from poor-quality water 
interaquifer flow.   
 
Sealing Materials and Placement: 

(1) Water 
The water used to prepare sealing mixtures must be of drinking water quality. 

 
(2) Grout 

The sealing material shall be a neat cement grout composed of one sack of Portland Type 
I/II Cement (94 lbs.) or Portland Type II/V to five gallons of clean water or a sand-
cement slurry with a minimum of eleven (11) sacks of Portland Cement per cubic yard of 
sand-cement slurry. The sand-cement slurry must be mixed at a batch plant; mixing of 
sand-cement slurries onsite will not be allowed. Cement based sealing materials shall be 
mixed thoroughly to provide uniformity and ensure that no lumps exist. 

 
(3) Minimum Set and Curing Time 

The minimum time required for sealing materials containing Portland Cement to set and 
begin curing before construction operations on an elevator shaft can be resumed is 
seventy-two (72) hours. 

 
(4) Bentonite 

Bentonite is allowed as an additive to cement-based sealing mixes, at a ratio of up to 5% 
percent by weight of cement used. Bentonite shall not be used as a sealing material. 

 
(5) Radial Thickness of Seal 

A minimum of two (2) inches of sealing material shall be maintained between all casings 
and the borehole wall, within the interval to be sealed.   

 
(6) Centralizers 
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Well centralizers are to be attached to the shaft column every 25 feet in elevator shafts so 
that the casing can be properly centered in the borehole. Centralizers shall be metal, 
plastic, or other non-degradable material and must be positioned to allow the proper 
placement of sealing material around the casing within the interval to be sealed.  
Centralizers are not required when constructing through the center of a hollow-stem 
auger. Any metallic component of a centralizer used with metallic casing shall consist of 
the same material as the casing. Metallic centralizer components shall meet the same 
metallurgic specifications and standards as the metallic casing to reduce the potential for 
galvanic corrosion of the casing. 

 
(7) Placement 

The sealing material shall be placed in one continuous operation until the specified 
interval or borehole is filled.   

 
(8) Free-fall Grouting 

Sealing materials may be installed by “free-fall” from the surface if the interval to be 
sealed has less than five (5) feet of water present and the total depth is less than thirty 
(30) feet deep. 

 
(9) Tremie Grouting 

If five (5) feet or more of standing water is present or if there is more than a thirty (30) 
foot length to be sealed, the sealing material shall be placed by means of a tremie pipe 
(maximum diameter of 3 inches) lowered to within three (3) feet of the underlying layer 
of material or bottom of the well. The sealing material shall be placed in one continuous 
operation until the specified interval or borehole is filled. If a tremie pipe is used, the end 
of the tremie pipe shall remain in place in the sealing material until placement is 
complete. 

 
The bottom of all elevator shafts shall be plugged or capped to prevent sediment or rock from 
entering the casing as well to prevent the escape of hydraulic fluids. For steel cased elevator 
shafts, the bottom may be sealed by welding a plate to the bottom of the casing or by installing a 
cement plug of adequate thickness. PVC casings must be installed with a PVC cap. 
 
Elevator shaft destructions are subject to the same standards as water wells (Section 3.3). 

3.11.5 Inclinometers 
Inclinometers are subject to the same standards as monitoring wells (Sections 3.4 and 3.5). 

3.11.6 Shafts, Tunnels, or Directional Boreholes  
Shafts, tunnels, and directional boreholes are constructed similar to wells and exploratory holes, 
but at a much larger scale. An opening or passage is created by excavation or by drilling a 
borehole, and then a structure or casing is installed in the opening. If the annular space between 
the excavation or borehole wall and the structure/casing is not properly sealed, it can act as a 
vertical conduit and may create preferential pathways that allow runoff to rapidly infiltrate the 
subsurface and bypass soils which have the capacity to remove pollutants and protect the 
groundwater supply. For this reason, shafts, tunnels, and directional boreholes are included in 
these Standards.   
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The depth, diameter, and sealing material required for the annular seal for shafts, tunnels, and 
directional boreholes will depend on the geologic setting and will be determined by the District 
on a case by case basis. During the permit approval process, the permittee shall provide some 
method for the determination of groundwater quality characteristics of the major aquifers 
penetrated so that a judgment can be made as to whether or not intermingling will be allowed. 
Such determination can consist of evaluation of data from adjacent wells, evaluation of samples 
of formation materials encountered, or by running a geophysical log. Final judgment on the seal 
requirements that would be required to prevent intermingling of waters of different qualities shall 
be at the discretion of the District.   
 
Shafts, tunnels, or directional boreholes must be constructed in a manner that will prevent the 
creation of: 1) a preferential pathway that could allow runoff to rapidly infiltrate the subsurface, 
or 2) an interconnection of aquifers or water-bearing zones. Destruction specifications for shafts, 
tunnels, or directional boreholes will be determined on a case by case basis and will depend on 
the location, geologic setting, and how the shaft, tunnel, or directional borehole was constructed.   
 

3.11.7 Vibrating Wire Piezometers  
Vibrating wire piezometers are often installed similar to wells. A borehole is drilled and a casing 
is installed with the vibrating wire equipment attached to the casing. Vibrating wire piezometers 
installed with either PVC or Steel casing are subject to the same standards as monitoring wells 
(Sections 3.4 and 3.5). 
 
Vibrating wire piezometers installed without casing are subject to the same standards as 
exploratory holes (Section 3.10). 
 

3.12 Appurtenances  
All appurtenances connected to wells and other excavations shall be installed, repaired or 
maintained in such a manner that all openings are sealed from surface waters or the entrance of 
undesirable fluids or foreign matter, and to prevent accidental entry or unauthorized access.  
 
Appurtenances may include, but is not limited to: 1) well pumps and motors; 2) openings 
designated to provide access to the wells for measuring water levels, sampling, chlorinating, or 
adding gravel; and 3) any pipes, cables, or equipment that is installed in the well or other 
excavation. 
 
If a pump has been temporarily removed for repair or replacement, the well shall be adequately 
covered and secured to prevent injury to people and animals and to prevent the entrance of 
foreign material, surface water, pollutants, or contaminants into the well during the pump repair 
period. 
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