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HHIISSTTOORRYY
The Groundwater Resources Association of California (GRA) is a statewide, non-profit organization
of scientists, engineers, planners, educators, attorneys, students, hydrogeologists and other profes-
sionals that focuses on all aspects of California’s groundwater resources including assessment, devel-
opment, recharge, quality, protection, education and management.

Since its formation in 1992, GRA has been committed to initiating and facilitating the development
of viable, credible solutions for the complex issues involved in groundwater management and pro-
tection. This commitment requires that a multitude of topics and issues are investigated and are
equally represented by interested and affected scientific, public and governmental constituencies.
The GRA strives to provide neutral, nonpartisan forums that facilitate participation by a diverse
group of professionals and stakeholders in the groundwater industry.

OOBBJJEECCTTIIVVEESS
◗ develop and promote scientific and practical education-

al programs that advance the understanding of the
importance of groundwater resources, its management
and protection;

◗ actively participate in the formulation of statewide poli-
cy on the development and management of California’s
groundwater resources, the protection of groundwater
quality, the remediation of soil and groundwater, and
the performance of environmental site assessments;

◗ develop and disseminate scientific and technical information to GRA members, legislators,
regulators, planners, managers, contractors, the public and others who are involved in the
development and application of policies and regulations concerning groundwater resources;

◗ facilitate the development of alternative technologies and standardization of methods to
advance groundwater evaluation, management and protection; and

◗ encourage cooperation among groundwater professionals, regulators, managers, contractors
and suppliers locally, statewide and nationally.

GROUNDWATER RESOURCES ASSOCIATION

O F C A L I F O R N I A
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PPrreeffaaccee  ttoo  tthhee  SSeeccoonndd  EEddiittiioonn

Originally planned as an update to the First Edition� the Second Edition of the California
Groundwater Management Handbook has been expanded to incorporate comprehensive legal
and regulatory changes since the writing of the First Edition� and is completely re organized for
easy reading� It includes a new section on groundwater tools and technology� and is complete 
ly re designed with two color internal print� graphics� and many more figures� illustrations and
diagrams� 

CChhaapptteerr  --��  IInnttrroodduuccttiioonn�� now contains more general information on California groundwater man 
agement� and has been expanded to include a description of California’s physical setting�
statewide surface water distribution system� and hydrogeologic provinces and basic metrics�
Added to the chapter are discussions of the tragedy of the commons and sustainability as they
pertain to groundwater�

CChhaapptteerr  99��  GGrroouunnddwwaatteerr  HHyyddrroollooggyy�� has expanded technical information and includes additional
graphic illustrations of the concepts� A new section has been added on surface water and ground 
water interaction and an additional section that discusses the importance of hydrogeologic char 
acterization in groundwater management has been included� Also new are sections on the impor 
tance of short  and long term groundwater level information and basin yield� both of which pro 
vide the basis for analysis of the aquifer over time for groundwater management decisions� The
information on groundwater hydrologic regions was removed and we refer the reader to
California Department of Water Resources Bulletin --2 “California’s Groundwater” (DWR 9008)�

CChhaapptteerr  88��  GGrroouunnddwwaatteerr  QQuuaalliittyy� incorporates updated regulatory information on some of the
most common natural and anthropogenic constituents in groundwater� Detailed sections have
been included on arsenic� radon� chromium� perchlorate� and methyl tertiary butyl ether (MTBE)�
A section has been added on total maximum daily loads (TMDLs)� and the importance of ground 
water managers being involved in the TMDL development and implementation process�
Additionally� a section has been added at the end of this chapter to provide information on the
statewide comprehensive groundwater quality monitoring program being implemented in
California by state and federal agencies�

CChhaapptteerr  33��  PPrrootteeccttiinngg  GGrroouunnddwwaatteerr  QQuuaalliittyy  has been updated and now incorporates information
on California’s Drinking Water Source Assessment and Protection (DWSAP) Program� including
program goals� TurboSWAP (the computer program available from DHS to generate the neces 
sary electronic assessment forms for groundwater sources)� methodologies and approaches�
There is also more information on source assessment analytical methods� vulnerability ranking�
protection and management measures� 

CChhaapptteerr  ..��  DDeevveellooppiinngg  aanndd  IImmpplleemmeennttiinngg  aa  GGrroouunnddwwaatteerr  MMaannaaggeemmeenntt  PPllaann  has been re organized
and expanded to include more information on the nexus of groundwater management with com 
prehensive and general plans and county planning� procedural requirements and public hearings�
Also incorporated are the required components of Senate Bill -,82� the Groundwater Management
Act of 900-� including public involvement� management objectives� monitoring� monitoring pro 
tocols� and management of groundwater levels� surface water and groundwater quality� and sub 
sidence� Additional components recommended in DWR Bulletin --2 are also included�

CChhaapptteerrss  66  &&  @@  include Information on California’s groundwater legal and institutional framework
and updated with the current case law (as of this writing)� CChhaapptteerr  66��  GGrroouunnddwwaatteerr  LLaaww  aanndd
RRiigghhttss�� provides information on the historical development and current character of California
groundwater law� technical and legal perspectives on subterranean streams� groundwater rights�
and safe yield and overdraft� This chapter also contains narrative discussion on well interference�
material injury� physical solutions� groundwater storage space for conjunctive use� groundwater
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Consulting Engineers
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DDOOCCUUMMEENNTT  PPRROODDUUCCTTIIOONN  TTEEAAMM
TTiimm  PPaarrkkeerr�� GRA Project Manager

AAnnddrreeaa  EElllliiootttt�� Elliott Communications� Senior
Technical Editor

LLaauurriiee  AAhhllff��  DesignStyles� Owner/Designer

KKaarreenn  SScchhaapppp��  Fruitridge Printing

transfers� environmental requirements� and public trust� CChhaapptteerr  @@��  GGrroouunnddwwaatteerr  MMaannaaggeemmeenntt
IInnssttiittuuttiioonnss� provides details on the options for groundwater management governance� 

CChhaapptteerr  22��  TToooollss  aanndd  TTeecchhnnoollooggyy�� is new� and is focused on providing summary information on
basic and advanced groundwater tools and technology currently available to assist in groundwa 
ter management planning and implementation� The first sections include information on data
management� and groundwater level and groundwater quality monitoring (including graphical
methods for general minerals� isotopes and environmental tracers� age dating and contaminants
as tracers)� Methods for determining basin yield and the interaction of surface water and ground 
water� and unsaturated zone monitoring tools are also included� There are sections on borehole
characterization� including geophysical logging tools and advanced wireline methods� well pump 
ing and aquifer tests� and depth specific sampling of wells� Finally� the section on groundwater
analytical tools includes geographic information systems (GIS)� geostatistics� groundwater mod 
eling� geochemical modeling and remote sensing�

TTiimm  PPaarrkkeerr
GGRRAA  PPrroojjeecctt  MMaannaaggeerr
SSeeccoonndd  EEddiittiioonn



ix

California Groundwater Management

CHAPTER 1—INTRODUCTION ................................................................................ 1
What is Groundwater Management? .......................................................................................... 2
Physical Setting .......................................................................... 2
History Defined the Need to Manage Groundwater .............. 7
California Groundwater Today .............................................. 11
The Tragedy of the Commons .............................................. 14
Sustaining California’s Groundwater Resources ....................14

What is Groundwater Sustainability? ................................14
Why is Groundwater Sustainability Critically Important?14
What are the Challenges to Achieving Groundwater 
Sustainability? ......................................................................15
Why is Monitoring Vital to Sustainability of 
Groundwater Quality and Quantity? ................................15

Elements of Groundwater Management .............................. 15
Political .......................................................................... 16
Legal .......................................................................... 16
Institutional ............................................................................................................................ 17
Technical ................................................................................................................................17
Economic .............................................................................................................................. 18

Groundwater Management Policies .......................................................................................... 18
Chapter 1 References .................................................................................................................. 20

CHAPTER 2— GROUNDWATER HYDROLOGY ...................................................... 21
The Hydrologic Cycle .............................................................. 21

What is Groundwater? ...................................................... 22
Groundwater, Unconsolidated Sediments and 
Consolidated Sediments, and Bedrock ............................ 23
Interaction of Surface Water and Groundwater .............. 25
Aquifers ............................................................................ 31
Groundwater Movement .................................................. 32

Recharge Areas .............................................................. 33
Discharge Areas ............................................................ 33

Hydrogeologic Characterization ............................................ 35
The Yield of a Basin ................................................................ 36
Groundwater Level Data ........................................................ 36
Aquifer Tests ............................................................................37

Overdraft ............................................................................ 39
Aquifer System Compaction and Land Subsidence ........ 41

Water Well Technology .......................................................... 41
What is a Well and How Does it Work? .......................... 42
Well Standards .................................................................. 43
Siting and Construction .................................................... 44
Cone of Depression .......................................................... 45

Chapter 2 References .............................................................. 48

Contents

TT AA BB LL EE OO FF

TT
AA

BB
LL

EE
OO

FF
CC

OO
NN

TT
EE

NN
TT

SS

CChhaapptteerr   --   SS iiddeebbaarrss ::
WWhhaatt  iiss  aann  AAqquuiiffeerr??  ���������������������������� --00
TThhee  CCeennttrraall  VVaalllleeyy  PPrroojjeecctt  �������� ----
TThhee  SSttaattee  WWaatteerr  PPrroojjeecctt  ���������������� ----
HHooww  DDooeess  
OOvveerrddrraafftt  OOccccuurr??  ������������������������������������ --88
TThhee  GGrroouunnddwwaatteerr  
AAccccoouunntt  �������������������������������������������������������������������� --88
SSuussttaaiinnaabbllee  DDeevveellooppmmeenntt ������������ --..

CChhaapptteerr   99   SS iiddeebbaarrss ::
GGeeoohhyyddrroollooggyy  oorr  
HHyyddrrooggeeoollooggyy??  �������������������������������������������� 99--
WWhhaatt  iiss  aa  HHyyddrraauulliicc  HHeeaadd??  ���� 9999
GGrroouunnddwwaatteerr  
OOccccuurrrreennccee  �������������������������������������������������������� 99..
DDaarrccyy’’ss  LLaaww  aanndd  tthhee  FFllooww  ooff
GGrroouunnddwwaatteerr  ���������������������������������������������������� 8833
AAllwwaayyss  PPllaann  ttoo  SSuurrvveeyy  ffoorr  LLaanndd
SSuubbssiiddeennccee  ������������������������������������������������������������ 33--
WWaanntt  ttoo  KKnnooww  MMoorree  
AAbboouutt  CCaalliiffoorrnniiaa  SSttaattee  WWeellll
SSttaannddaarrddss??  ������������������������������������������������������������ 3388
QQuueessttiioonnss  AAbboouutt  
HHyyddrrooggeeoollooggyy??  �������������������������������������������� 33@@



California Groundwater Management   

x

CHAPTER 3—GROUNDWATER QUALITY .............................................................. 49
Inseparable: Groundwater Quality and Quantity...................................................................... 49

Natural Contaminants .......................................................................................................... 50
Arsenic ............................................................................ 50
Radon ............................................................................ 52
Hexavalent Chromium ...................................................... 52

Anthropogenic (Manmade) Contaminants .......................... 54
Pesticides ............................................................................ 54
Perchlorate .......................................................................... 56

Salt Loading (Salinity)  ............................................................58
Salt Water Contamination ................................................ 58
Sea Water Intrusion .......................................................... 59
Vertical Seepage of Salt Water, Sewage, 

Landfills and Hazardous Waste Disposal Sites .................... 61
Water Quality and Total Maximum Daily Loads .................. 62
Water Quality and Artificial Groundwater Recharge ............ 64

Surface Impoundments .................................................... 66
Underground Storage Tanks .................................................. 67

Methyl tertiary butyl ether ................................................ 67
Urban Stormwater Runoff ...................................................... 68
Mine Drainage.......................................................................... 68
Sludge (Biosolids) Disposal .................................................. 69
Contaminant Transport in Groundwater .................................................................................. 70
Contamination Caused by Wells ................................................................................................ 70
Emerging Contaminants ............................................................................................................ 72
State Water Resources Control Board Groundwater Ambient Monitoring and

Assessment Program and the AB599 Groundwater Quality Monitoring Act 
of 2001 ................................................................................................................................ 74
The Groundwater Ambient Monitoring and Assessment Program .................................. 75
AB 599 Groundwater Quality Monitoring Act of 2001 .................................................... 77

Conditional Waivers for Discharges from Irrigated Lands .................................................... 79
Chapter 3 References .................................................................................................................. 81

CHAPTER 4—PROTECTING GROUNDWATER QUALITY........................................ 83
California’s Drinking Water Source Assessment and Protection Program .............................. 83

Goals of the Drinking Water Source Assessment and Protection Program ........................ 84
TurboSWAP ........................................................................ 84
Locations of Drinking Water Wells.................................... 85
Delineation of Protection Zones and 
Source Areas ........................................................................ 85
Well Site Control Zones .................................................... 85

Zone A— Microbial/Direct Chemical 
Contamination Zone .................................................... 86
Zones B5 and B10—Chemical Contamination Zones 86

Porous Media and Fractured Rock Aquifers...................... 87
Delineation Methods ........................................................ 88
Arbitrary Fixed Radius .......................................................................................................... 88
Calculated Fixed Radius ........................................................................................................ 89
Modified Calculated Fixed Radius Method .......................................................................... 90
Analytical Methods ................................................................................................................ 90
Detailed Hydrogeologic Mapping ........................................................................................ 90
Numerical Flow/Transport Models ...................................................................................... 91
Physical Barrier Effectiveness ................................................................................................ 91

CChhaapptteerr   88   SS iiddeebbaarrss ::
CCoonnttaammiinnaanntt  NNoottiiffiiccaattiioonn
RReeqquuiirreemmeennttss��  RReeccoommmmeennddaattiioonnss
aanndd  RReessppoonnssee  LLeevveellss  ������������������������ ..00
AArrsseenniicc  ������������������������������������������������������������������������ ..--
WWaanntt  ttoo  KKnnooww  MMoorree  
AAbboouutt  RRaaddoonn?? ������������������������������������������������ ..99
CChhrroommiiuumm  ������������������������������������������������������������ ..88
NNiittrraattee::  TThhee  MMoosstt  CCoommmmoonn
CCoonnttaammiinnaanntt  ooff  DDrriinnkkiinngg  
WWaatteerr ���������������������������������������������������������������������������� ....
WWhhaatt  iiss  SSaalltt?? ���������������������������������������������������� ..22
FFoorr  MMoorree  IInnffoorrmmaattiioonn  oonn  
TToottaall  MMaaxxiimmuumm  
DDaaiillyy  LLooaaddss ������������������������������������������������������������ 6688

CChhaapptteerr   33   SS iiddeebbaarr ::
GGrroouunnddwwaatteerr  CCoommppoonneennttss  ooff
tthhee  CCaalliiffoorrnniiaa  DDrriinnkkiinngg  WWaatteerr
SSoouurrccee  AAsssseessssmmeenntt  aanndd
PPrrootteeccttiioonn  PPrrooggrraamm ���������������������������� 2233



xi

California Groundwater Management

Inventory of Possible Contaminating Activities.................................................................... 91
Vulnerability Ranking ...................................................................................................... 92
Assessment Map .............................................................................................................. 92
Protection Programs ........................................................................................................ 92

Chapter 4 References ............................................................................................................ 95

CHAPTER 5—DEVELOPING AND IMPLEMENTING A GROUNDWATER 
MANAGEMENT PLAN .............................................................................................. 97

Getting Started ............................................................................................................................ 97
Working with Local Public Entities to Develop Your Plan ...................................................... 99

City and County Comprehensive or General Plans ............................................................ 99
Procedural Requirements and Public Hearings .................................................................. 100

Determining Groundwater Management Plan Goals and
Objectives .......................................................................... 101

Basin Management Objectives ........................................ 103
Review Existing Information and Current 
Basin Conditions ..............................................................103

Hydrogeology ........................................................................ 104
Decide How to Manage Your Plan ...................................... 104
Determine the Basin Area to be Managed by the Plan ...... 105
Stakeholders and Other Groundwater Management 
Plan Participants .................................................................. 106
Public Involvement .............................................................. 107
Dispute Resolution ................................................................ 110
Write the Plan ........................................................................ 110

Putting Goals and Objectives Into Action ...................... 110
The Required Elements of a Groundwater 
Monitoring Plan .................................................................... 110
Monitoring and Data ............................................................ 113
Groundwater Levels .............................................................. 114
Water Quality ........................................................................ 114
Extractions (Pumpage) .......................................................... 115

Land Use Estimates .......................................................... 116
Periodic Reporting of Crops Planted .............................. 116
Periodic Reporting of Electrical Usage for 
Groundwater Pumping .................................................... 116
Periodic Reporting of Well Meters .................................. 117

Data Analysis and Periodic Reporting ................................ 117
Hydrographs and Graphs of Chemical 
Constituents .................................................................... 117
Contour Maps of Water Levels and Water Quality ........ 117
Groundwater Models ...................................................... 119
Basin Yield ........................................................................ 119
Periodic Reporting .......................................................... 119

Identification and Protection of Watershed, Aquifers 
and Wellheads ...................................................................... 119

Watershed ........................................................................ 120
Aquifer Protection .......................................................... 120
Wellhead Protection ........................................................ 121

Standards for Construction and Destruction of Wells ...... 121
Conjunctive Use ........................................................................................................................ 121
Land Use Planning .................................................................................................................. 124
Components of the Plan .......................................................................................................... 125

CChhaapptteerr   ..   SS iiddeebbaarrss ::
WWhhaatt  iiss  aa  SSttaakkeehhoollddeerr??  ���������������� ,,@@
TThhee  FFiivvee  EElleemmeennttss  ooff  aa
GGrroouunnddwwaatteerr  MMaannaaggeemmeenntt  
PPllaann ������������������������������������������������������������������������������������ ,,22
TThhee  SSeevveenn  MMaannddaattoorryy  EElleemmeennttss
ooff  aa  CCoommpprreehheennssiivvee  oorr  GGeenneerraall
PPllaann ������������������������������������������������������������������������������������ ,,,,
HHooww  DDoo  II  SSeett  CCoonnsseerrvvaattiioonn
GGooaallss?? ������������������������������������������������������������������������ --0000
SSuuggggeesstteedd  OOuuttlliinnee  ffoorr  aa
GGrroouunnddwwaatteerr  MMaannaaggeemmeenntt  
PPllaann �������������������������������������������������������������������������������� --0099
AAccttiioonn  CCaalleennddaarr  ffoorr  PPrreeppaarriinngg  aa
GGrroouunnddwwaatteerr  MMaannaaggeemmeenntt  
PPllaann  ���������������������������������������������������������������������������� --0033
NNeeeedd  TTeecchhnniiccaall  IInnffoorrmmaattiioonn  oonn
YYoouurr  BBaassiinn?? ���������������������������������������������������� --00..
RReeccrruuiittiinngg  aanndd  PPllaannnniinngg
MMeeeettiinnggss ���������������������������������������������������������������� --00@@
IInntteerreesstt  GGrroouuppss  ttoo  CCoonnssiiddeerr  aass
SSttaakkeehhoollddeerrss ���������������������������������������������������� --00@@
SSttaakkeehhoollddeerrss’’  FFrreeqquueennttllyy  AAsskkeedd
QQuueessttiioonnss ������������������������������������������������������������ --0022
WWhhaatt  DDoo  II  IInncclluuddee  iinn  aa
GGrroouunnddwwaatteerr  MMaannaaggeemmeenntt
PPllaann??�������������������������������������������������������������������������������� ------
GGeeooTTrraacckkeerr �������������������������������������������������������� --99--
CCoonnjjuunnccttiivvee  UUssee  ������������������������������������ --9999
SSoouurrcceess  ooff  FFuunnddiinngg  aanndd  AAggeennccyy
AAssssiissttaannccee  �������������������������������������������������������� --8800



California Groundwater Management   

xii

Controlling Seawater Intrusion .......................................................................................... 125
Lateral Migration of Saline Water ...................................................................................... 125
Preventing Vertical Seepage of Saline Water ...................................................................... 125
Industrial Discharges .......................................................................................................... 126
Identifying and Managing Wellhead Protection Areas and Recharge Areas .................... 126
Regulating Migration of Contaminated Groundwater ...................................................... 126
Monitoring Groundwater Levels, Storage and Quality .................................................... 126
Facilitating Conjunctive Use Operations .......................................................................... 127
Well Construction and Spacing Policies ............................................................................ 127
Constructing and Operating Recharge, Storage and Extraction Projects ........................ 128

Developing Relationships with State and Federal Agencies .................................................. 128
Reviewing Land Use Plans and Coordinating with Land Use Planning Agencies .......... 128

Implementing Your Plan .......................................................................................................... 128
Schedules and Budget ........................................................................................................ 129
Costs and Financing ............................................................................................................ 129

Chapter 5 References ................................................................................................................ 131

CHAPTER 6—GROUNDWATER LAW AND RIGHTS.............................................. 133
The Historical Development of California 
Groundwater Law .................................................................................................................... 133

Reasonable and Beneficial Use .......................................................................................... 135
The Legal Character of Groundwater Today ...................... 135

Percolating Groundwater and Subterranean Streams .. 135
California Groundwater Rights ............................................ 140

Material Injury ................................................................ 144
Safe Yield and Overdraft ................................................ 145

Prescriptive Rights ................................................................ 146
Doctrine of Mutual Prescription .................................... 147
Mojave: The Supreme Court Addresses 
Equal Apportionment ...................................................... 149

Interconnected Groundwater Basins .................................. 150
Laws Pertaining to Use of Groundwater 
Storage Space for Conjunctive Use .................................. 151
Well Interference .............................................................. 152
Physical Solutions .......................................................... 153

Groundwater Transfers ........................................................ 153
Water Right Considerations ............................................ 155
Legislative Response ........................................................ 155

Endangered Species Act ........................................................ 156
Environmental Quality and Protection:  California
Environmental Quality Act .................................................. 157

Projects .......................................................................... 157
Growth ..........................................................................159

Public Trust Doctrine .......................................................... 160
Chapter 6 References ................................................................................................................ 161

CHAPTER 7—GROUNDWATER MANAGEMENT INSTITUTIONS ........................ 165
Groundwater Management: A Local Issue .............................................................................. 165

Coordinated Agreements .................................................................................................... 166
Local Agency Groundwater Management Under Assembly Bill 3030 ............................ 169

Statutory Framework of Assembly Bill 3030 ................................................................ 169
Adoption or Implementation of Groundwater

Management Plans ........................................................................................................ 170

CChhaapptteerr   66   SS iiddeebbaarrss ::
CCeerrttaaiinnttyy  iiss  FFuunnddaammeennttaall  �������� --8888
SSuubbtteerrrraanneeaann  SSttrreeaamm  oorr
PPeerrccoollaattiinngg  GGrroouunnddwwaatteerr??——
AA  GGeeoollooggiisstt’’ss  PPeerrssppeeccttiivvee  �������� --8822
SSuubbtteerrrraanneeaann  SSttrreeaammss  oorr  
PPeerrccoollaattiinngg  GGrroouunnddwwaatteerr——
TThhee  LLeeggaall  IImmpplliiccaattiioonnss  ���������������� --88,,
PPuubblliicc  UUssee  iiss  aann  AApppprroopprriiaattiivvee
UUssee  �������������������������������������������������������������������������������� --3388
GGrroouunnddwwaatteerr  BBaassiinnss  ������������������������ --3333
OOvveerrddrraafftt  ������������������������������������������������������������ --33..
PPrrootteeccttiinngg  OOvveerrllyyiinngg  RRiigghhttss
ffrroomm  PPrreessccrriippttiioonn  �������������������������������� --33@@
AAbboouutt  PPhhyyssiiccaall  SSoolluuttiioonnss  �������� --..88
WWaatteerr  SSuuppppllyy  AAsssseessssmmeenntt  ���� --..,,



xiii

California Groundwater Management

Finances ...................................................................... 170
Election ...................................................................... 172
Annexed Land ............................................................ 172
Coordinated Groundwater Management ................ 173

Adjudication .................................................................... 173
General Act Districts ........................................................ 176
Water Replenishment Districts ...................................... 177
Special Act Agencies and Groundwater 
Management Districts .................................................... 179

City and County Groundwater Management Powers  ........ 181
Police Power Regulation .................................................. 181

Chapter 7 References ............................................................ 186

CHAPTER 8—TOOLS AND TECHNOLOGY ............ 189
Gathering and Managing Data ............................................ 190
Groundwater Monitoring .................................................... 191

Monitoring Groundwater Levels .................................... 192
Monitoring Groundwater Quality .................................. 192

Field and Laboratory Analyses ...................................................................................... 194
Isotopes and Environmental Tracers ............................................................................ 195
Age of Water as an Analytical Tool ................................................................................ 199
Contaminants as Tracers ................................................................................................ 201

Methods for Determining the Yield of a Basin ...................................................................... 202
Hydrologic Balance .............................................................................................................. 203
Change in Groundwater Levels over an Average Hydrologic
Base Period .......................................................................................................................... 203
Zero Net Groundwater Level Fluctuations ........................................................................ 204
The Correlation Between Groundwater Levels and Extractions ...................................... 204
Change of Storage vs. Extractions ...................................................................................... 205
Calculation of Groundwater Inflow .................................................................................. 205
Groundwater Modeling .................................................. 206
Annual Retained Inflow and Change in 
Groundwater Levels ........................................................ 206
Pumping Trough in a Coastal Aquifer .......................... 206

Methods for Determining Interaction of Surface 
Water and Groundwater ...................................................... 207

Analytical Testing ............................................................ 207
Physical Testing ................................................................ 207
Pre-Determined Zone of Influence ................................ 208
Regulatory/Judicial Determination ................................ 208
Combination Approach .................................................. 209

Unsaturated Zone Monitoring ............................................ 209
Surface Geophysics .................................................................................................................... 210
Borehole Characterization ........................................................................................................ 211

Borehole Geologic Logging .................................................................................................. 211
Geophysical Logging ............................................................................................................ 212
Advanced Wireline Logging ................................................................................................ 214

Well Pumping and Aquifer Tests .............................................................................................. 217
Depth Specific Sampling of Wells .......................................................................................... 223
Groundwater Analytical Tools ................................................................................................ 224
Geographic Information System .............................................................................................. 224

Geostatistics ........................................................................................................................ 225
Groundwater Modeling as a Tool ...................................................................................... 227

CChhaapptteerr   @@   SS iiddeebbaarrss ::
SSuucccceessssffuull  CCoooorrddiinnaatteedd
AAggrreeeemmeennttss::  TThhee  SSaaccrraammeennttoo
EExxaammppllee ���������������������������������������������������������������� --6622
TThhee  HHiissttoorriiccaall  DDeevveellooppmmeenntt  ooff
AAsssseemmbbllyy  BBiillll  88008800 �������������������������������� --@@--
GGrroouunnddwwaatteerr  PPrrootteeccttiioonn
PPrrooggrraammss::  FFeeddeerraall��  SSttaattee��  TTrriibbaall
aanndd  LLooccaall  ������������������������������������������������������������ --@@99
WWhhaatt  iiss  aa  WWaatteerrmmaasstteerr??  �������� --@@33
PPoolliiccee  PPoowweerr  �������������������������������������������� --2299
AAsssseemmbbllyy  BBiillll  88008800  GGrroouunnddwwaatteerr
MMaannaaggeemmeenntt  wwiitthh  aa
GGrroouunnddwwaatteerr  OOrrddiinnaannccee::
TTeehheemmaa  CCoouunnttyy ���������������������������������������� --2288

CChhaapptteerr   22   SS iiddeebbaarrss ::
AAnniioonnss  aanndd  CCaattiioonnss ���������������������������� --,,..
BBaassiinn  YYiieelldd  �������������������������������������������������������� 990088
GGeeoopphhyyssiiccaall  LLooggss  ������������������������������������ 99--88
MMOODDFFLLOOWW  99000000  �������������������������������� 999966
IInntteerrffeerroommeettrriicc  SSyynntthheettiicc
AAppeerrttuurree  RRaaddaarr �������������������������������������������� 9988--



California Groundwater Management   

xiv

Geochemical Reaction Modeling ........................................................................................ 231
Remote Sensing In Groundwater Evaluations ........................................................................ 232
Chapter 8 References ................................................................................................................ 235

GENERAL GROUNDWATER INFORMATION WEBSITES ...................................... 237

ACRONYM LIST .................................................................................................... 241

INDEX .......................................................................................................... 243

APPENDICES 
Appendix A Potential Sources of Groundwater Contamination Health, 

Environmental, or Aesthetic Contaminant 1,2,3 ............................................ 249
Appendix B Determining Goals and Objectives in Developing A Groundwater 

Management Plan .............................................................................................. 257 
Appendix C Primary Status Addressing Groundwater Protection ........................................ 261

GLOSSARY .......................................................................................................... 263

FIGURES
Figure 1-1 California Topography .......................................................................................... 3
Figure 1-2 Hydrogeologic Provinces ...................................................................................... 4
Figure 1-3 Groundwater Basins and Public Supply Wells (A, B) .......................................... 5
Figure 1-4 California Precipitation .......................................................................................... 7
Figure 1-5 The California Aboriginal or Natural Waterscape ................................................ 8
Figure 1-6 The California Developed Waterscape .................................................................. 9

Figure 2-1 The Hydrologic Cycle .......................................................................................... 22
Figure 2-2 The Unsaturated Zone, Capillary Fringe, Water Table and Saturated Zone .... 23
Figure 2-3 Occurrence of Groundwater ................................................................................ 24
Figure 2-4 Surface Water — Groundwater Interaction in Streams ...................................... 26
Figure 2-5 The Dynamic Interface Between Groundwater and Streams ............................ 27
Figure 2-6 Interaction of Groundwater and Lakes .............................................................. 28
Figure 2-7 Interaction of Groundwater and Wetlands ........................................................ 29
Figure 2-8 Effects of Groundwater Withdrawals on Surface Water and Habitat ................ 30
Figure 2-9 Unconfined and Confined Aquifer Wells .......................................................... 32 
Figure 2-10 Functions of Groundwater Systems .................................................................... 33 
Figure 2-11 Overdraft Hydrograph .......................................................................................... 37
Figure 2-12 Long-term Data Collection Matrix ...................................................................... 38
Figure 2-13 Groundwater Level Data ...................................................................................... 39
Figure 2-14 Decline and Recovery in Well Water Levels ........................................................ 40
Figure 2-15 A Hydrograph Showing Water Level Changes in a Well .................................... 40
Figure 2-16 Areas of Land Subsidence from Groundwater Withdrawal 

in the United States .............................................................................................. 42
Figure 2-17 Cones of Depression ............................................................................................ 45

Figure 3-1 Cross-section of a Septic Tank and Leach Field .................................................. 56
Figure 3-2 Aquifer with Sea Water Contamination .............................................................. 59
Figure 3-3 Degrading Groundwater Quality—Five Processes ............................................ 60
Figure 3-4 Artificial Groundwater Recharge ........................................................................ 65
Figure 3-5 Synthetic Organic Compounds in Groundwater ................................................ 71
Figure 3-6 Volatile Organic Compounds in Groundwater .................................................. 71



xv

California Groundwater Management

Figure 4-1 Time-of-Travel Zones Surrounding Two Wells .................................................. 86
Figure 4-2 Time-of-Travel Boundaries .................................................................................. 87
Figure 4-3 Zones of Contribution and Influence ................................................................ 89

Figure 5-1 Groundwater Hydrograph .................................................................................. 118
Figure 5-2 Groundwater Contour Map .............................................................................. 118
Figure 5-3 Conjunctive Use ................................................................................................ 123

Figure 6-1 Percolating Groundwater .................................................................................. 137
Figure 6-2 Groundwater Flowing Within a Subterranean Stream .................................... 137
Figure 6-3 Rights to Groundwater in a Basin That is Not in Overdraft .......................... 142
Figure 6-4 Rights to Groundwater in an Overdrafted Basin .............................................. 142

Figure 7-1 The Adjudicated Groundwater Basins in California ........................................ 175
Figure 7-2 Groundwater Management in California as of 2004 ...................................... 180

Figure 8-1 Long Term Trends .............................................................................................. 193
Figure 8-2 Stiff Diagram ...................................................................................................... 196
Figure 8-3 Trilinear Diagram .............................................................................................. 197
Figure 8-4 Plot of Stable Isotope Deuterium (Hydrogen-2) and Oxygen-18 .................. 198 
Figure 8-5 Tritium Peak ...................................................................................................... 200
Figure 8-6 Age Dating with Chlorofluorocarbons ............................................................ 200
Figure 8-7 Distribution of Low Level Organic Compounds in Active Wells .................... 202
Figure 8-8  Groundwater Levels Change Over an Average Hydrologic Base Period ........ 205
Figure 8-9 Geophysical Log .................................................................................................. 216
Figure 8-10 Advanced Wireline Logging Output .................................................................. 219
Figure 8-11 Advanced Wireline Logging Station .................................................................. 220
Figure 8-12 Geographic Information Systems Display ........................................................ 225
Figure 8-13 Groundwater Simulation Model ...................................................................... 228
Figure 8-14 Interferogram ...................................................................................................... 231

TABLES
Table 1-1 California Hydrogeologic Metrics ........................................................................ 6
Table 1-2 Year 2000 California Water Use .......................................................................... 12

Table 2-1 Typical Well Types, Sizes and Production Values ............................................ 43
Table 2-2 Minimum Horizontal Distance Between Wells .................................................. 44

Table 3-1 Reported MTBE Detections in Public Water Systems and Sources of 
Drinking Water, as of February 4, 2002 .............................................................. 68

Table 3-2 California Aquifer Susceptibility Well Sampling Summary .............................. 75
Table 3-3 State Agency Groundwater Monitoring Data .................................................... 76
Table 3-4 Groundwater Basin Assessment Schedule .......................................................... 78

Table 4-1 Potential Management Measures for Local Source Water Protection Programs
(adapted from DHS) ............................................................................................ 94

Table 6-1 Legal Classification and Implications of Rights to Surface Water
(Including Groundwater in a Subterranean Stream) and 
Percolating Groundwater .................................................................................. 141

Table 6-2 Principal Groundwater Rights .......................................................................... 141

Table 7-1 Mechanisms for Groundwater Management .................................................... 167



California Groundwater Management   

Table 8-1 Hydrologic Balance (or Budget) ........................................................................ 204
Table 8-2 Geophysical Log and Application ...................................................................... 215
Table 8-3 Advanced Geophysical Log and Application .................................................... 218

xvi


