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Oil and gas producers have used hydraulic fracturing 
(“fracking”) in California for many years. What is 
new, and potentially alarming, are projections of 
dramatically increased fracking activity in California 
brought on by the availability of new techniques. 
Such developments may have outstripped the ability 
of responsible agencies to effectively oversee fracking 
activity. The challenges faced by other states that have 
experienced fracking booms have not been lost on 
California’s leaders and concerned citizens – fracking 
is currently the subject of intense scrutiny, and the 
need has never been greater for clear information and 
analysis on the topic. 

Hydraulic fracturing is the process of injecting fluids 
under high pressure to crack underground rocks and 
release tightly held oil or gas. Hydraulic fracturing, 
along with the other aspects of unconventional oil and 
gas production, presents risks to environmental quality 
and public health. The hydraulic fracturing process also 
yields byproducts, including wastewater, which must be 
properly managed in order to reduce any risk to human 
health and the environment. In this report, we focus 
on the set of risks related to wastewater from fracking 
and its attendant activities, and its potential impacts on 
groundwater and surface water resources in California. 

Fracturing “flowback” (fracturing fluid injected 
into wells that returns to the surface after pressure 
is released) and “produced water” (all wastewater 
that emerges from the well after production begins) 
contain potentially harmful chemicals, some of which 
are known carcinogens. Produced water is also highly 
saline and potentially harmful to humans, aquatic life 
and ecosystems. 

Risks to water quality stem primarily from: 
improper storage and handling of fluids at the well 
site, including spills and improper lining of pits; 
injection of wastewater into disposal wells, which can 
trigger earthquakes; and potential for groundwater 
contamination due to failure of well integrity. 
However, uncertainty is high. There are few peer-
reviewed scientific studies on the potential risks to 

water quality from fracking activities, and fewer still 
focused on California.

In recent years, many states, including Pennsylvania, 
Ohio, North Dakota, Wyoming and Texas, have 
experienced a boom in fracking activity. Many of these 
states have developed new regulations that can inform 
California’s efforts to address similar challenges. 

In California, the Department of Conservation’s 
Division of Oil, Gas & Geothermal Resources 
(DOGGR) is the primary agency with regulatory 
authority over hydraulic fracturing in the state. The 
State Water Resources Control Board (SWRCB) and 
Regional Water Quality Control Boards (RWQCBs) 
are responsible for the State’s groundwater and surface 
water resources, including impacts associated with oil 
and gas operations. However, up to now, there has been 
little interagency coordination in addressing fracking 
and its attendant impacts. 

Despite increasing attention to the issue, there is 
a stark lack of clarity among regulators and the 
concerned public about what fracking is in California, 
how it differs from fracking in other states, the risks 
that it presents, and how to best manage and regulate 
the process. 

Purpose and structure of this report

This report focuses on water-related issues surrounding 
hydraulic fracturing and attendant unconventional 
oil and gas production processes in California. The 
report highlights the overarching need for more 
unbiased information on fracking and its potential 
impacts, greater public notice and transparency, and 
increased accountability across all hydraulic fracturing 
operations and attendant activities. 

The report incorporates both the technical and 
regulatory perspectives that are necessary to design 
effective regulations. First, in order to present the 
necessary technical background, the report: (1) 
reviews technical issues, including how fracking in 
California may differ from fracking in other states; 

I. Executive Summary
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(2) identifies technical elements of the production 
process that impact how fracking should be regulated; 
(3) identifies management options for oil and gas 
wastewater; and (4) identifies potential risks to 
environmental and human health from the practice  
of fracking. 

Second, from a regulatory perspective, the report 
reviews and synthesizes the relevant federal and 
state regulatory landscape and identifies current 
legislative and regulatory actions. Finally, the report 
provides recommendations for better management 
and regulation and identifies key uncertainties and 
knowledge needs. 

Near term regulatory, legislative and  
legal action

This report comes during a time of intense activity in 
California on the topic. DOGGR, the state agency 
with primary responsibility for regulating oil and gas 
activity, is in the midst of a pre-rulemaking process to 
gather input on “discussion draft” regulations specific 
to hydraulic fracturing. DOGGR’s discussion draft 
rulemaking addresses some key elements of hydraulic 
fracturing: well construction; testing and monitoring 
requirements; public and agency notice and disclosure; 
and storage and handling of fracking fluids. 

At the time of this report, nine bills on hydraulic 
fracturing have been introduced to the State legislature 
for the current session, addressing topics such as 
advance notice, trade secrets, and baseline water 
testing. Other bills would require new scientific 
studies on the risks presented by fracking or impose 
a moratorium on fracking altogether until further 
studies are conducted. 

Further, several environmental organizations have 
filed lawsuits against DOGGR seeking to change their 
process of permitting hydraulic fracturing wells, and 
myriad interest groups are intensely engaged with  
the process. 

It is against this backdrop that we offer a synthesis of 
the issues and recommendations for moving forward.

Management options and recommendations

There are three main options for management of oil 
and gas wastewater in California: injection in disposal 
wells, reuse and recycling for oil and gas production, 
and treatment to acceptable standards for discharge 
or reuse. In addition, hydraulic fracturing events 
themselves present risks to the environment if not 
conducted safely. Best practices, ranging from well 
construction to testing to monitoring, are essential  
for safety. 

Based on our review of existing scientific and 
legal information, and experiences in other 
states, we provide recommendations for each 
management option in California. We also set forth 
recommendations for increased notice and disclosure 
before hydraulic fracturing events.

Several themes emerge from our analysis and inform 
our recommendations: 

•	 Increased transparency and accountability 
will improve safety and empower citizens and 
stakeholders. Providing adequate advance notice 
on where, when, and how fracking will take place 
allows communities to evaluate and respond to 
potential risks before they are realized. It also 
enables regulators and emergency responders to 
be prepared for potential spills or contamination 
events. Increased disclosure will also help assess 
responsibility and liability for any potential 
contamination of water sources.

•	 Better technical regulations for production 
and disposal wells will improve safety and 
accountability. Because well casing and cementing 
failure is a primary risk for underground 
contamination, stringent testing and monitoring 
of well integrity is critical. 

•	 Baseline water testing and comprehensive 
information on the contents of fracking fluid 
are necessary to determine whether a potential 
contamination event has occurred and what party 
is responsible. In addition, new techniques such as 
labeling injected fluids with unique tracers could 
enable tracing contamination back to individual 
wells and operators with more precision. 
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•	 Scientific uncertainty drives the need for more 
research on a suite of topics, including but not 
limited to induced seismicity and the risk of 
ground or surface water contamination.

•	 Available and applied technology is rapidly 
evolving – specifically, the use of multi-stage, 
directionally drilled, high-volume hydraulic 
fracturing has increased throughout the country, 
as well as new techniques such as acid matrix 
fracturing. This changing technical landscape is 
difficult to regulate effectively without greater 
knowledge of such evolving technologies and their 
attendant risks. 

•	 The legislature and DOGGR should not shy away 
from finding that there is not enough scientific 
knowledge or institutional capacity to effectively 
manage a sharp increase in the expansion of 
hydraulic fracturing in California. If it makes 
this determination, it may choose to slow its 
growth until more knowledge and capacity can 
be developed. We recognize the political and 
economic costs of a moratorium on fracking may 
be significant, so we offer the following analysis 
and recommendations to guide alternate pathways 
to manage its growth. 

Our recommendations are detailed in the main text. 
Some key elements include:

Advance notice and disclosure 

•	 Operators should be required to provide 
DOGGR, SWRCB, and the appropriate Regional 
Water Quality Control Board at least 30 days 
advance notice of any hydraulic fracturing event. 
Such notice should include complete contact 
details, information on well construction and 
testing, reasonably anticipated fracturing fluid 
chemical composition, and planned disposition of 
waste products. Physical copies of this advanced 
notice should be mailed to residents in potentially 
affected areas, as well as to water purveyors  
with water sources in these areas, at least 30  
days in advance.

•	 DOGGR should also provide 30 days advanced 
notice before any fracturing or injection event on a 
publicly-accessible website that meets accessibility 
criteria outlined in the main text.

•	 DOGGR should convene stakeholders to  
develop a formal process by which concerned 
citizens can respond to planned fracking events in  
their communities. 

Trade secret provisions 

•	 Operators and service providers should be 
required to disclose even trade secret-protected 
chemicals in fracking fluid to DOGGR. 

•	 Medical professionals should have broader access 
to full lists of fracking fluid composition in case of 
emergency, and regulations should protect their 
right to discuss cases and the chemicals involved 
with affected patients and communities. Further, the 
definition of “medical professional” in DOGGR’s 
discussion draft regulations should be expanded 
to include public health professionals such as 
epidemiologists and environmental toxicologists. 

Tracking waste and disposal 

As detailed in this report, DOGGR should require 
more extensive recordkeeping and reporting on  
disposal of wastewater. 

•	 Inserting unique chemical tracers to fracturing 
fluids could increase accountability. DOGGR and 
the State Water Resources Control Board should 
research such methods, and, if tracer efficacy 
can be validated, require use of tracers in both 
production and injection well disposal events. 

Protecting underground sources of  
drinking water 

•	 DOGGR should strengthen its definition of 
underground sources of drinking water to match 
or exceed that of U.S. EPA.

•	 SWRCB and the Regional Boards should 
conduct long-term, coordinated monitoring of 
groundwater quality in various regions throughout 
the state to establish a scientific baseline for 
groundwater quality. 
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•	 DOGGR, SWRCB and the Regional Boards 
should explore the possibility for using idle wells, 
sealed above the production zone, to augment 
existing water wells as groundwater quality 
monitoring wells.

Well casing

•	 DOGGR should adopt more stringent 
requirements for pre-testing well integrity 
and monitoring pressure during injection and 
fracturing events. 

•	 DOGGR should adopt a formal, risk-based 
approach to prioritize witnessing of injection and 
fracturing events by DOGGR staff. 

•	 DOGGR should require monitoring annulus 
pressure, and the use of automatic shut-off 
devices that terminate injection if the permitted 
maximum allowable injection pressure is exceeded. 

Well abandonment

•	 DOGGR should develop and implement a 
well closure and post operational monitoring 
program, which should include EPA’s recent 
recommendations for injection wells, and should 
adapt those recommendations for production 
wells as applicable. 

•	 DOGGR should increase the bonds required of 
well operators to levels that incentivize proper 
decommissioning and long-term stewardship.

Seismic risk

•	 DOGGR should fund studies to develop 
guidelines to define and map faults with risk for 
induced seismicity and develop safety factors for 
required setbacks from fault lines based on this 
risk analysis. Injection should be prohibited near 
risky faults based on this analysis.

Reuse and minimization

•	 DOGGR, in collaboration with SWRCB, should 
develop a public information database that 
provides the location, quantity and quality of 
produced water sources. 

•	 DOGGR should collaborate with SWRCB and 
oil and gas industry groups to provide information 
to operators on reuse and minimization of 
fracking fluids and encourage increased such 
practices. DOGGR and SWRCB should also 
engage with other potentially affected stakeholder 
groups, such as water recycling interest groups.

•	 DOGGR should require fracking operators to 
develop a source reduction strategy that identifies 
methods and procedures to maximize recycling 
and reuse of flowback and produced water. 

•	 The California legislature should consider 
incentivizing wastewater recycling through tax 
exemptions for items used specifically to process, 
reuse, and recycle wastewater used in hydraulic 
fracturing at oil or gas wells.

Treatment 

•	 SWRCB should fund a scientific review of the 
risks to California water bodies from fracking 
wastewater.

•	 DOGGR regulations should explicitly prohibit 
direct discharge of flowback or produced water 
from oil and gas operations to publicly-owned 
treatment works (POTWs) until EPA issues 
pretreatment guidelines. 

Storage and handling of produced water 

•	 DOGGR should require closed tanks with 
secondary impoundments for storage of fracking 
fluids and wastewater. 

•	 DOGGR should regularly inspect all processing 
and storage areas.

•	 DOGGR and SWRCB should deter illegal 
dumping by deploying additional staff to inspect 
well sites and enforce penalties.

Knowledge gaps and need for more research 

•	 Using proceeds from increased assessment 
fees, DOGGR should fund and carry out 
peer-reviewed research on the environmental 
implications of fracking in California. 
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•	 The Department of Conservation should conduct 
an analysis of environmental justice implications 
to evaluate the distribution of impacts from 
projected fracking activity, and evaluate options  
to mitigate disproportionate impacts.

•	 To support greater understanding of  
California’s complex geology, data about 
geological strata revealed from well drilling 
records could be incorporated into public 
databases, with an appropriate delay to  
protect investment in exploration. 

Issues beyond the scope of this report 

Because this report focuses on hydraulic fracturing 
wastewater and potential water quality impacts, we 
do not address in detail other issues highly relevant to 
fracking in California. These important issues include, 
but are not limited to:

•	 Water resource impacts resulting from increased 
demand for water used in fracking fluid and  
fracking processes;

•	 The greenhouse gas intensity of oil and natural gas 
production, which could have global implications 
and is relevant to California’s efforts to reduce 
greenhouse gas emissions; 

•	 Air emissions from all stages of the fracking 
process, including methane, volatile organic 
compounds (VOCs), and particulate matter from 
increased trucking and diesel emissions; 

•	 Land use impacts from individual wells and 
clusters of wells, which can be substantial. For 
example, it is unknown how well-pad scarring may 
impact California if exploration intensifies; 

•	 Other potential human health impacts to workers 
and the general public. 

Overarching themes: more transparency, 
information, collaboration and oversight

Hydraulic fracturing presents risks to our environment 
and human health, and must be properly regulated and 
controlled. This report identifies several areas where 
the State’s knowledge base and existing regulatory 
scheme are deficient. California policymakers and 
agencies should work to address the gaps in oversight 
described throughout this report. 

The need for increased transparency in the  
fracturing process is paramount, and drives many  
of our recommendations for more disclosure,  
advanced notice and reporting requirements. Better 
oversight and enforcement is also necessary as the 
State witnesses potentially increasing fracking activity, 
as experienced in other areas of the country. In 
addition, more peer-reviewed studies on the potential 
impacts on hydraulic fracturing in California will aid 
refinement of regulations. Finally, more collaboration 
between state agencies with overlapping regulatory 
authority would provide more clarity and better 
regulate this practice, which cuts across physical  
and bureaucratic boundaries.
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A. This report assesses risks to water 
resources from hydraulic fracturing  
in California 

Hydraulic fracturing (“fracking”) is a hot button 
environmental issue nationally and in California. The 
increase in fracking and oil and gas extraction has been 
driven by new technology that has enabled exploration 
of previously inaccessible shale rock formations, as well 
as demand for less expensive domestic energy. 

At the same time, the health and environmental 
communities have rallied around fracking as a unifying 
issue that demands increased transparency, regulation, 
and safety. One potential impact to human health 
and the environment from fracking is contamination 
of groundwater or surface water by injected fluids or 
improper handling and disposal of fracking wastewater.

Fracking involves high-pressure underground 
injection of chemical mixtures that can include 
toxic constituents, and carries potential risk of 
contamination of surface and groundwater. The 
general practice of fracking is not new – oil and gas 
producers have employed fracking in California for 
many decades. What is new, and potentially alarming, 
are projections of dramatically increased fracking 
activity in California brought on by the availability of 
new techniques. Such developments have outstripped 
the ability of responsible agencies to effectively oversee 
fracking activity. 

This topic is important in part because fracking 
has long-term implications: once fracking has been 
conducted, its effects may be impossible to reverse. 
In addition, there is an immediate opportunity to 
respond to current legislative, regulatory, and legal 
activity. Responding to this need and opportunity, 
this report focuses on the issue of properly regulating 
fracking wastewater in order to reduce risks to our 
state’s water resources. 

B. The report is structured to synthesize 
both scientific and regulatory information 

This report presents a California-specific review of 
the scientific and regulatory landscape surrounding 
hydraulic fracturing in oil and gas production. It 
assesses current legislative and regulatory activity, 
identifies knowledge needs, and recommends specific 
actions. The analysis highlights risks, management 
options, regulatory gaps, and potential actions 
for better regulation of oil and gas wastewater in 
the state. The goal is to lay out relevant issues for 
policymakers, regulators, and interested members 
of the public, and to contribute to a constructive 
dialogue on how California’s regulators and 
legislators can best meet human and environmental 
interests in the face of potentially increasing oil and 
gas production. This report provides a review specific 
to California, while drawing on a broader knowledge 
base; for overviews of national fracking activity 
and regulation, see reports by the Groundwater 
Protection Council (GWPC),1 Natural Resources 
Defense Council (NRDC),2 Pacific Institute3  
and others. 4

The report is organized into the following sections: 
The remainder of Section II provides background on 
hydraulic fracturing in California. Section III reviews 
technical information about hydraulic fracturing in 
California, as well as information gaps. Section IV 
describes the current regulatory landscape: although 
no unified statute controls hydraulic fracturing 
activity in California, state and federal laws apply 
and several agencies share regulatory responsibility. 
Section V describes specific pending legislative 
proposals, a pending rulemaking, and recent lawsuits. 
Section VI reviews relevant experiences from other 
states and offers recommendations for actions by 
California’s legislature and regulatory agencies to 
reduce risks to human health and the environment 
from hydraulic fracking.  

II. Introduction
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C. The issues addressed in this report  
are timely 

This report is timely. In December 2012, the California 
Department of Conservation’s Division of Oil, Gas, and 
Geothermal Resources (DOGGR) released a discussion 
draft of new regulations governing hydraulic fracturing.5 
We applaud the agency’s attention to this issue. In 
addition, several new bills have been introduced in the 
California legislature in 2013 that address hydraulic 
fracturing. Throughout this report, we discuss the 
proposed new regulations and legislation, as well as our 
own recommendations.

Oil and gas production is a multi-faceted process with 
numerous interrelated impacts, including impacts 
to water, air, and land use. This report addresses one 
important aspect of this process: the wastewater 
produced from fracking and associated activities, its 
treatment and regulation in California, and opportunities 
to reduce potential risks to our water supply. As such, this 
report encompasses a somewhat broader set of issues than 
are addressed in DOGGR’s discussion draft regulations. 
The agency’s process presents an important opportunity 
to consider additional regulations that will address  
myriad risks to water quality and increase information 
and transparency.

D. Hydraulic fracturing could impact 
California water resources 

Hydraulic fracturing is the injection of fluids under 
pressure to release tightly bound oil or gas by creating 
cracks within an underground formation, usually 
of shale rock. From the perspective of its potential 
impacts, it is conceptually difficult to separate 
hydraulic fracturing itself from the entire production 
process of unconventional oil and gas resources, 
including drilling, completion, oil or gas production, 
storage and disposal of waste, and decommissioning 
of the well.6 From a regulatory perspective, a more 
inclusive discussion is more appropriate, because 
fracking is interrelated with elements beyond the 
fracturing event itself. A myopic focus would fail to 
capture the full range of potential impacts, some of 
which are impossible to disassociate.7 In this report, 
such related issues are addressed where they commonly 

occur in the production lifecycle of wells that  
are fractured. 

Wells used in oil and gas production generate 
wastewater at the wellhead. This “produced water”  
may contain salts, sediment, naturally occurring 
radioactive material. 8 It may also be mixed with 
a broad suite of substances from fracking fluids, 
including toxic and hazardous chemicals such as 
benzene, lead, and methanol.9 

Contamination by oil and gas wastewater may  
pose risks to human health and environmental  
quality. The primary avenues for contamination  
most likely stem from activities at the drilling 
site10 such as mismanagement of produced water 
by dumping, leakage from storage areas, or spills. 
Contamination may also result from failure of well 
casing or cementing.11  

E. There is fracking in California, and there 
may be more in future

While national attention to fracking has only recently 
increased, hydraulic fracturing has been used to 
produce oil from vertical wells in California for 
over 50 years. California has a long history of oil 
production; the majority of fracking in California has 
been in pursuit of oil rather than natural gas.12 

Currently, operators use fracking extensively in 
operations in California – much of the oil and gas 
resources in California are inaccessible without well 
stimulation. Comprehensive information on the scope 
and prevalence of fracking in the state is lacking,13 in 
part because although oil and gas operators report 
drilling activity to state agencies, they have not been 
required to report hydraulic fracturing events. A 
recent Western States Petroleum Association member 
survey reported 628 fracturing events in California in 
2011, representing about one-third of the total wells 
drilled in the state that year.14 

California may soon experience more fracking activity. 
Recent estimates by the U.S. Energy Information 
Administration15 project sharp increases in crude oil 
and natural gas production in the U.S. over the next 
decade, particularly from tight formations that can be 
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accessed with hydraulic fracturing. Indeed, exploratory 
activity and land transactions suggest by companies 
including Occidental Petroleum and Venoco indicate 
that a sharp increase in activity has begun in the state.16 

The San Joaquin Basin and coastal southern California 
are home to several large oil and gas producing 
formations, including the Monterey Formation, which 
holds an estimated 64% of discovered national deep 
rock resources17 (Figure 1). The Energy Information 
Administration has stated that “[t]he largest shale oil 
formation is the Monterey/Santos play in southern 
California, which is estimated to hold 15.4 billion barrels 
. . . of . . . total shale oil resources.”18 In addition, geologists 
reported to the Society of Petroleum Engineers that 
“hydraulic fracturing has a significant potential in many 
Northern California gas reservoirs,” suggesting that future 
expansion is possible in the state19 especially if natural gas 
prices rise in the future.20 

Accordingly, California should prepare for potential 
increased oil and gas production in the future. 

The legislature and DOGGR should not shy away from 
finding that there is not enough scientific knowledge 
or institutional capacity to effectively manage a sharp 
increase in the expansion of hydraulic fracturing in 
California. If it makes this determination, it may 
choose to slow its growth until more knowledge and 
capacity can be developed  For example, a moratorium 
on high volume hydraulic fracturing has been in place 
in New York State since 2008, and the state is currently 
preparing an Environmental Impact Statement to 
assess risks from high volume hydraulic fracturing.21 
We recognize that the political and economic costs of 
a moratorium may be great, so we offer the following 
analysis and recommendations to guide alternate 
pathways to manage its growth.

Nutshell descriptions

Hydraulic fracturing (“fracking”) is the injection of fluids under pressure to release tightly bound oil or gas by creat-
ing cracks within an underground formation. Fracturing is a well completion and stimulation technique that  
is meant to prepare a well for production. 
Unconventional resources including shale oil and gas are tightly bound to underground rocks and must be extracted 
using more complex methods than conventional wells that require drilling and pumping alone. 

Water flooding is a technique where water is injected to increase pressure in a formation and drive oil towards pro-
duction wells. Steam flooding injects steam into shallow wells to raise the temperature of the oil underground, thereby 
thinning the oil and making it easier to pump. These techniques are geared to increase productivity in an active well. 

Injection disposal in Class II wells is a disposal method in which waste fluids from oil and gas production are injected 
into deep formations. 

Whereas a vertical drilling operation consists of a single hole bored in one direction down from the surface, direc-
tional drilling (sometimes called horizontal drilling) involves turning the drill at an angle to curve the well bore and 
follow a productive formation. Directional drilling, and the multi-stage fracturing that often accompanies it, can 
access larger areas from a single well pad, and can involve higher volumes of fracking fluid and flowback.

Oil wells often produce natural gas as a byproduct. The gas can be flared, released to the atmosphere, used to meet 
onsite energy needs, or sold if produced in sufficient quantities. Unassociated gas, or dry gas, is natural gas that is 
present in a formation without oil. 



Regulation of Hydraulic Fracturing in California   |   13Berkeley Law  |  Wheeler Institute for Water Law & Policy AT CLEE

S O
 N

 O
 M

 A

B A S I N

V E N T U R A B A S I N

I M P E R I A L     V A L L E Y     B A S I N

P A C I F I C             O C E A N

DISTRICT 3

DISTRICT 6

DISTRICT 5

DISTRICT 4

DISTRICT 2
 DISTRICT 1

GEOTHERMAL DISTRICT 1

GEOTHERMAL DISTRICT 2

38118
117

119
39

120
33

40

41

122 121 120

121
34

37

115

116 o
o

o

S A N   B E R N A R D I N O

o

o

o

o

o115

36

o116117 o

oo
o

O R A N G E

o
o

o

118119
oo

o

T U L A R E

S A N T A   B A R B A R A

L A S S E N

o

M O N T E R E Y

S A N   L U I S   O B I S P O

o

o

o

o

G L E N N

o

o

o

oo

F R E S N O

o

o

o

o

D E L

o o o
o o o

M A D E R A

M O N O

M A R I P O S A

A M A D O R

E L   D O R A D O

N E V A D A

A L P I N E

T E H A M A

T U O L U M N E
M A R I N

Y O L O

C O N T R A   C O S T A

S O L A N O

H U M B O L D T

S I E R R A

P L U M A S

M O D O C
S I S K I Y O U

T R I N I T Y

B U T T E

N A P A

SUTTER

Y U B A

S H A S T A

42

41

40

S O N O M A

S A N  
M A T E O

35

34

33

R I V E R S I D E

K E R N

S A N   D I E G O

V E N T U R A

S A N T A   C R U Z

L O S   A N G E L E S

I M P E R I A L

K I N G S

S T A N I S L A U S

M E R C E D

S A N   B E N I T O

122

36

35

123
37

123

39

124

38
124

The Geysers

Calistoga

Susanville

Litchfield

Wendel

Lake City

Amedee

Coso

Desert Hot Springs

Salton 
Sea

Heber

Brawley (Abd.)

Mesquite (Abd.)

East Mesa



STATE OF CALIFORNIA
GRAY DAVIS, Governor

Crescent City

Eureka

Ukiah

Lakeport





Santa Rosa

Calistoga

Red Bluff

 Redding



San Jose

Monterey

Salinas



Department of Conservation
Division of Oil, Gas, and Geothermal Resources
801 K Street, MS 20-20
Sacramento, CA 95814-3530
(916) 445-9686
www.consrv.ca.govAlfred J. Zucca, Cartographer

 King City

Paso Robles





Coalinga



Santa 
Barbara 

Kettleman City





Susanville



 Alturas

RESOURCES AGENCY
MARY D. NICHOLS, Secretary

Stockton

Modesto

Fresno

Ventura

Bakersfield





Long Beach

Los Angeles


Cypress 

Lone Pine

 Bridgeport

DEPARTMENT OF CONSERVATION
DARRYL YOUNG, Director



Barstow 

Palm Springs


Desert Hot Springs


El Centro

Needles

DIVISION OF OIL, GAS, AND GEOTHERMAL RESOURCES
WILLIAM F. GUERARD, JR., State Oil and Gas Supervisor
              

4443

2120 22 23 24 25

46

2

11

13

12

4

5

7

6

8

9

10

6

3

2

91012 111315

33 34
42414038 393736

8 7
192021

2345

35

16

1S

1N

2

9

8

7

6

5

4

3

10

12

16
3230 31

15

14

13

1S

11

26

23

2

17

18

19

20

22

21

24

25

27

28

29

30

31

32

18 17

7

6

5

4

3

2

1N

8

2725 26 28 29

11

10

9

19 1822

19
11 12 13 14 1615 17 18

8

10

10 11 12 1413 15 16

8 109

1S

2 3 4 65
7

85
1E 2 3 4 6 7 9

27

18

17

24

23

22

12

13

14

15

1N

16

11

1W 1E

9

7

6

5

3

4

2

25

26

17

14

15

13

30

29

2816

18

27

25

24

23

22

21

20

19

26

45 46 47
32

31

30

28

29

45

7 6

19

20

21

1W2345
42 4443

35 36 37 38 39 4140

17 16
9 810111214 1315

343226 28 29 30 31 33

3125 26 2827 29 30 32

4

3

17 18 19 2120

1N

1S

11

14

13

5

6

7

8

9

10

12

10

8

15

2

4

3

5

6

7

9

2

14 15 16
7 8 9 10 11 12 13

3 2

11

12

14

13

15

16

17

654

14

15

16

17

18

1E 31W4

S A N             B E R N A R D I N O                 B A S E           L I N E

S 
A

 N
   

   
   

  B
 E

 R
 N

 A
 R

 D
 I 

N
 O

   
   

   
   

   
   

   
   

 M
 E

 R
 I 

D
 I 

A
 N

2019 21 22 23 2415 178 9 10 11 12 1371E
16

2 43 5 6

30 27 2324252628293133 323435

23 24

23 24

21

21

M O U N T       D I A B L O                                           B A S E           L I N E
222013 14 1615 17 18 19

222013 14 15 16 17 18 19

2

1W

7

8

6

5

4

2

3

1N

12

11

4

3

5

6

7

9

8

10

22

13

14

15

16

17

19

18

20

32

31

23

24

26

25

27

28

29

30

9

10

9

10

11

15

14

12

13

1254 6 7 8 9 10 11

8

H
 U

 M
 B

 O
 L

 D
 T

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  M

 E
 R

 I 
D

 I 
A

 N

M
 O

 U
 N

 T
   

  D
 I 

A
 B

 L
 O

   
   

   
   

 M
 E

 R
 I 

D
 I 

A
 N

3

4

5

6

7

2 3 4

2

3

4

5
875

29

19

20

21

1514
16 17

16

17

18

11

1S

30

22

23

24

26

27

28

1254 6 7 8 932

9

7

6

5

4

3

2

1E

1N

10

8

28

29

30

15

14

13

12

27

26

18

19

21

22

24

23

25

32

2

1W 1E2347

17

167 56 34 2 1W

6

10

20

8

9

17

16

14

13

11

12

10

18

19

26

27

25

24

23

22

21

89
17 16 15 14 1213 11

28

19 18 17 16 15 14 13

29

6 87
1W 1E

53 42
3 2

39

38

12 11 10 9 8

35

36

37

32

34

33

1N 30

2

3

4

5

31

6

48

40

41

44

43

42

45

46

47

42

45

43

35

36

37

38

39

40

41

32

34

33

12 13 14 15 16 17
31

11 12

44

46

47

1716
14

15
13

9 1172 3 4 5 6 108

1E 2 10986 7543

44

42

32

2

5

45

1W23

48

4

47

46

1E1W

17

14

7 6 5 4 3

1S

43

35

36

37

38

39

41

40

33

34

54321E

31

6 7
679 8101112

16

15

7

8

9

12

11

10

13

18

8

6

19

Petrolia (Abd.)

Petaluma

Half Moon Bay

Brentwood

Livermore

Oil Creek

Moody Gulch (Abd.)

Sargent

Bitterwater

Hollister

Quinado Canyon (Abd.)

Monroe Swell

King City

Paris Valley

Vallecitos

McCool  Ranch

Lynch Canyon (Abd.)

San Ardo - Main Area

Cantua Nueva (Abd.)
Cantua Creek (Abd.)

Coalinga

Jacalitos

Point Pedernales Offshore (Fed.)

Point Arguello Offshore (Fed.)
Alegria (Abd.)

Santa Maria Valley

Casmalia

Guadalupe

 
 Harris Canyon, NW. (Abd.)

Orcutt

Jesus Maria

Point Conception

Lompoc

Huasna

Alegria Offshore (Abd.)

Arroyo Grande

Lopez Canyon (Abd.)

Cuarta Offshore (Abd.)
Conception Offshore (Abd.)

Four Deer (Abd.) Careaga Canyon

Los Alamos
Zaca

Barham Ranch

Cat Canyon

Capitan

Kreyenhagen

Kettleman North Dome

Turk Anticline

Pleasant Valley 

San Joaquin

Coalinga, E., Extension

Raisin City

Guijarral Hills

Helm

Five Points (Abd.)

Burrel Burrel, SE.

Kettleman City

Russell Ranch

Cuyama, Central (Abd.)

 Cuyama, S.

Cienaga Canyon

Pioneer
Los Lobos

San Emigdio (Abd.)
Eagle Rest

San Emigdio Creek (Abd.)

Pleito

White Wolf
Landslide

Pyramid Hills

Devils Den

Beer Nose

Antelope Hills, N.

Morales Canyon

Taylor Canyon (Abd.)

Antelope Hills

Temblor, E. (Abd.)

McDonald Anticline
Carneros Creek

Temblor Hills

Chico-Martinez
Cymric

Temblor Ranch

Belgian Anticline

Lost Hills, NW.

Lost Hills

Belridge, N.

Pescado Offshore (Fed.)

Sisquoc Ranch (Abd.)

Hondo Offshore (Fed.)

 Elwood,S. 
 Offshore

Las Varas Canyon (Abd.)

Goleta (Abd.)
Elwood

Elwood, Offshore Area

Gonyer Anticline (Abd.)
Midway-Sunset

Monument Junction
Cal Canal

Semitropic

McKittrick

Asphalto

Belridge,S.
Jerry Slough (Abd.) 

Railroad Gap

Wasco
Shafter  (Abd.)

Bowerbank
Rio Bravo

Shafter, SE. (Abd.) 

Goosloo

CanalElk Hills

Buena 
Vista

Greeley

Westhaven (Abd.)

Camden

Riverdale

Tulare Lake

Van Ness Slough

Hanford (Abd.)

Dos Cuadras Offshore (Fed.) 

Summerland

Summerland 
Offshore (Abd.)

Mesa 
(Abd.)

Carpinteria Offshore
Santa Clara Offshore (Fed.)

Sockeye Offshore (Fed.)

Hueneme Offshore (Fed.)

Capitola Park
Yowlumne

Paloma

San Emidio Nose 

Rio Viejo
Coles Levee, S.

Coles Levee, N. Valpredo

Tejon, N.

Bellevue Edison

Strand

Lakeside, S. (Abd.)

Lakeside (Abd.)
Ten Section

Shafter, N.

English Colony
Rosedale

Rosedale Ranch

Fruitvale

Kern Bluff

Jasmin, W. (Abd.) 

Jasmin

Mount Poso

Poso Creek

Dyer Creek (Abd.)

Terra Bella (Abd.)

Deer Creek

Deer Creek, N.

Kern River

Kern Front

~

Rincon

Canada Larga

Oakview (Abd.)
Rincon Creek (Abd.)

Ventura

Ojai

San Miguelito

Saticoy

West Montalvo

El Rio (Abd.)

Long Canyon (Abd.)

Oxnard

Santa Paula

Bardsdale

West 
Mountain

South Mountain

Las Posas

Somis 
(Abd.)

Moorpark, W.
Moorpark
Oak Park 

SespeTimber Canyon 

Hopper Canyon

Piru Creek (Abd.)

Canton Creek (Abd.)

Fillmore
Chaffee Canyon

Eureka Canyon 

Santa Clara Avenue
Conejo (Abd.)

Shiells Canyon

Del Valle

Temescal
Holser

Ramona, N.

Ramona

Oak Canyon

Ant Hill

Round Mountain

Edison, NE.

Mountain View

Comanche Point 

Tejon Hills

Tejon Flats (Abd.)

Castaic Hills
Hasley Canyon

Tapia

Tapo
Canyon, S. 

Venice Beach (Abd.)

Hyperion
Playa Del Rey

Sawtelle

Salt Lake, S.
Beverly Hills

San Vicente

Sherman (Abd.)

Cheviot Hills

Inglewood

Lawndale
Alondra

Saugus (Abd.)

Honor Rancho
Wayside Canyon

Torrance

El Segundo

Gaffey (Abd.)

Wilmington

Oakridge

Big Mountain
Torrey Canyon

Simi

Tapo 
Ridge

Piru (Abd.)

Tapo, N.

Santa Susana

Oat Mountain

Newhall

Las Llajas

Newhall-Portrero
Lyon Canyon (Abd.)
Placerita

Aliso Canyon
Cascade

Pacoima

Mission (Abd.)

Charlie Canyon (Abd.)
Elizabeth Canyon (Abd.)

Castaic Junction (Abd.)

Bouquet Canyon (Abd.)

Potrero

Las Cienegas
Bandini

Rosecrans, S.
Rosecrans, E.

Beta Offshore (Fed.)

Montebello

 Los Angeles, E.

Dominguez

Huntington Beach

Belmont Offshore

Rosecrans
Howard Townsite

Los Angeles City

Long Beach 

Los Angeles Downtown

Union Station

Newgate

Santa Fe 
Springs

Long Beach

Seal Beach

Sunset Beach (Abd.)

Walnut

Lapworth (Abd.)

Sansinena
Brea-Olinda

Olive

Newport, W.

Leffingwell (Abd.)

La Mirada (Abd.)
Talbert (Abd.)

Coyote, E.
Coyote, W.

Newport

Anaheim (Abd.)

Rowland (Abd.)

Yorba 

Buena Park, W. (Abd.)
Buena Park, E. (Abd.)

Esperanza

Richfield

Mahala

Chino-Soquel

Kraemer (Abd.)
Kraemer, NE. (Abd.)

Kraemer, W. (Abd.)

Prado-Corona

San Clemente (Abd.)

Cristianitos Creek (Abd.)

OIL, GAS, AND GEOTHERMAL FIELDS
IN CALIFORNIA

2001

MAP S-1

Table Bluff 
(Abd.)

Tompkins 
Hill

BunkerCotati (Abd.)

Ryer Island

Suisun Bay
Kirby Hill

Tremont (Abd.)

Honker (Abd.)

Winters

Liberty Cut (Abd.)
Liberty Island (Abd.)

Dixon, E. (Abd.)

Van Sickle Island

Rio Vista

Sherman Island

Lindsey 
Slough

Williams

Bounde Creek 

Compton Landing, S. (Abd.)  

Princeton
Stegeman

Malton-Black Butte

Kirkwood

Red Bank
Creek (Abd.)

Artois (Abd.)

Greenwood, S. (Abd.)

Wilson Creek (Abd.)

Larkin, W.

Greenwood
Orland (Abd.)

Ord Bend

Corning, S. (Abd.)

Corning (Abd.)

Rice Creek

Perkins Lake

Afton

Llano Seco

Afton, S.  (Abd.)

Durham

Lone Star

Dry Slough (Abd.)

Moon Bend

Sycamore

Concord (Abd.)

Willow Pass (Abd.)Los Medanos

Mulligan Hill (Abd.)
River Break

Oakley, S.

Pleasant Creek

Dunnigan Hills

Arbuckle

Buckeye

Grimes,
W.

Fairfield Knolls

Eldorado Bend (Abd.)

Madison (Abd.)
Harlan Ranch (Abd.)

Kirk

Grimes

Dufour

Woodland

Howells Point
Sycamore Slough 

Zamora, N. (Abd.) 

Merritt

Zamora

Sutter City

Hospital Nose (Abd.)

Compton Landing

Butte Sink West Butte

Angel Slough (Abd.)

Butte Slough

Peace Valley (Abd.)

Wild Goose (Abd.)

Schohr Ranch (Abd.)

Maine Prairie

Cache Slough  

Cache 
Creek

Crossroads (Abd.)

Karnak

Robbins

Pierce Road

Catlett (Abd.)

Rio Jesus (Abd.)

Nicolaus

Sacramento Airport

Brentwood, E.

Oakley

Dutch Slough

Knightsen (Abd.)

Roberts Island

Tracy

Union Island

Vernalis

Davis, SE. (Abd.)

Florin (Abd.)

Poppy Ridge (Abd.)
Stone Lake (Abd.)

Galt (Abd.)

Lodi, SE.

Lodi (Abd.)

Lone Tree Creek

Collegeville, E.

Ash Slough

Cheney Ranch (Abd.)

Merrill Ave

Mint Road

Chowchilla

Gill Ranch

Moffat Ranch

Caliente Offshore (Abd.)

Molino Offshore (Abd.)
Gaviota Offshore

Naples Offshore (Abd.)
Refugio Cove (Abd.)

Glen Annie (Abd.)

Pitas Point Offshore (Fed.)

La Goleta 

Shale Point

Shale Flats (Abd.)

Antelope Plains (Abd.)

Dudley Ridge (Abd.)

Buttonwillow

Harvester (Abd.)

Trico, NW. (Abd.)

Trico

Semitropic, NW. (Abd.)

(Abd.)

0 30

Miles

60

EEL
RIVER
BASIN

Salton Sea

Owens
Lake
(dry)

Santa Catalina Is.

San Clemente Is.

San Nicolas Is.

Santa Barbara Is.

Anacapa Is.

Santa Cruz Is.

Santa Rosa Is.

San Miguel Is.

Mono 
Lake

San Francisco Bay

San Pablo Bay

Goose
Lake

Eagle Lake

Lake
Tahoe

Lake
Almanor

Lake
Oroville

Lake
Berryessa

Shasta Lake 

Clear
Lake

S
 A

 C
 R

 A
 M

 E
 N

 T
 O

L A K E

C O L U S A

P L A C E R

Bullock Bend

Sacramento

S A N   

San Francisco

La HondaB A S I N

H A L F     M
 O O N

1W
18

B A S I N

San Joaquin, NW. (Abd.)

S A N     J O A Q U I N

Ave.

21

C U Y A M A
B A S I N

S A N T A     M A R I A
B A S I N

San Luis Obispo

Airport

L O S     A N G E L E S
B A S I N

Linda

Headquarters÷ 801 K Street, 20th Floor, MS 20, Sacramento, CA 95814-3530
÷ ÷ Phone: (916) 445-9686, TDD (916) 324-2555
÷ ÷ Telefax: (916) 323-0424

District No. 1÷÷ 5816 Corporate Avenue, Suite 200, Cypress, CA 90630-4731
÷ ÷ Phone: (714) 816-6847
÷ ÷ Telefax: (714) 816-6853

District No. 2÷÷ 1000 S. Hill Rd., Suite 116, Ventura, CA 93003-4458
÷ ÷ Phone: (805) 654-4761
÷ ÷ Telefax: (805) 654-4765

District No. 3 ÷ 5075 S. Bradley Rd., Suite 221, Santa Maria, CA 93455
÷ ÷ Phone: (805) 937-7246
÷ ÷ Telefax: (805) 937-0673

District No. 4÷÷ 4800 Stockdale Hwy., Suite 417, Bakersfield, CA 93309
÷ ÷ Phone: (661) 322-4031
÷ ÷ Telefax: (661) 861-0279

District No. 5 ÷ 466 N. Fifth St., Coalinga, CA 93210
÷ ÷ Phone: (559) 935-2941
÷ ÷ Telefax: (559) 935-5154

District No. 6÷÷ 801 K Street, 20th Floor, MS 22, Sacramento, CA 95814-3530
÷ ÷ Phone: (916) 322-1110
÷ ÷ Telefax: (916) 323-0424

OIL AND GAS DISTRICT BOUNDARIES AND OFFICES

Headquarters &÷ 801 K Street, 20th Floor, MS 21, Sacramento, CA 95814-3530
District No. G1÷ Phone: (916) 323-1788
÷ ÷ Telefax: (916) 323-0424

District No. G2÷ 1699 West Main Street, Suite E, El Centro, CA 92243-2235
÷ ÷ Phone: (760) 353-9900
÷ ÷ Telefax: (760) 353-9594

District No. G3÷ 50 D Street, Room 300, Santa Rosa, CA 95404
÷ ÷ Phone: (707) 576-2385
÷ ÷ Telefax: (707) 576-2611

÷

GEOTHERMAL DISTRICT BOUNDARIES AND OFFICES

The State of California and the Department of Conservation/Division of Oil, Gas, and
Geothermal Resources make no representation or warranties regarding the accuracy of
the data from which this map was derived. Neither the State nor the Department
shall be liable under any circumstances for any direct, indirect, special, incidental, or
consequential damages with respect to any claim by any user or any third party on
account of or arising from the use of this map.

Scale  1:1,500,000

LEGEND

CALIFORNIA COUNTIES WITH OIL, GAS, OR GEOTHERMAL PRODUCTION

Alameda
Contra Costa
Fresno
Kern
Kings
Los Angeles
Monterey
Orange
San Benito
San Bernardino
San Luis Obispo
San Mateo
Santa Barbara
Santa Clara 
Tulare
Ventura

Butte
Colusa
Glenn 
Humboldt
Madera
Merced
Sacramento
San Joaquin
Solano
Stanislaus
Sutter
Tehama
Yolo

Imperial
Inyo
Lake
Lassen
Mono
Sonoma

Alpine
Colusa
Fresno
Imperial
Inyo
Kern
Lake
Lassen
Mendocino
Modoc
Mono
Monterey
Napa
Plumas
Riverside
San Bernardino
San Diego
San Luis Obispo
Santa Barbara
Shasta
Sierra
Sonoma
Ventura

Commercial Low-temperature
Geothermal Use

Electrical Generation from
Geothermal Energy

Gas Production
Only

Oil and Gas
Production


101

299

5

299

299

395

395

101

5

80

5

80

A L A M E D A
580

680

101

101

101

101

395

46

5

5

5
15

10

8

10

15

40

15

99

58

15

58

395

99

99

99
J O A Q U I N

50

1W

H U M B O L D T           B A S E           L I N E

GEOTHERMAL
DISTRICT 3

M E N D O C I N O

15

S A N   F R A N C I S C O

S A N T A   C L A R A

14
Boyle Heights (Abd.)

Whittier

99

Rice Creek, E.

Rancho Capay

Chico 
(Abd.)

Willows-Beehive Bend

Knights Landing

(Abd.)

Conway Ranch

Willow Slough
Sacramento By-Pass (Abd.)

S A C R A M E N T O

Todhunters Lake 
Greens Lake (Abd.)

Putah Sink

Winchester Lake
Freeport (Abd.)
Clarksburg
Saxon 

Grand Island (Abd.)  
Merritt Island

Elkhorn Slough

W. Thornton-Walnut Grove
Snodgrass Slough

Thornton (Abd.)

River Island

King Island

McDonald Island
Harte (Abd.)

East Islands

Lodi Airport (Abd.)
Sand Mound Slough
(Abd.) 

Stockton (Abd.)

French Camp 

Lathrop

Lathrop, SE.  (Abd.)

McMullin Ranch 

 Vernalis, SW. (Abd.)

14

Kettleman Middle Dome

11
Fremont Landing  (Abd.)
Verona

(Abd.)

B
 A

 S I N

Tisdale

Sutter Buttes

Little Butte Creek

25

1310

Dixon 
(Abd.)

Millar

Garrison City (Abd.)

Calders Corner

27

20

 (Abd.)

Union  

Shafter, SE. 

S A L I N A SB A S I N

Santa Maria

Salt Lake

San Diego

Bishop

I N Y O

Casa Diablo

C A L A V E R A S

11

South
Lake
Tahoe

N O R T E

Sacate Offshore (Fed.)

5


Middletown

 Oakland

42 o

Horse Meadows (Abd.)

Whittier Heights, N. (Abd.)
Turnbull (Abd.)

Wheeler Ridge
Tejon

Canfield Ranch
McClung (Abd.)
Bellevue, W.
Stockdale

Kernsumner

Seventh Standard

Welcome Valley
Blackwells Corner

Kirby Hill, N. (Abd.)
Potrero Hills (Abd.)

Denverton (Abd.)
Denverton Creek

Pinole Point 
(Abd.)

Oil field

Gas field

Geothermal field

Sedimentary basin with oil, gas, or geothermal production

Division oil and gas district boundaries

Division geothermal district boundaries

Figure 1: Oil and gas fields in California.315



Berkeley Law  |  Wheeler Institute for Water Law & Policy at CLEE14   |   Regulation of Hydraulic Fracturing in California

This section reviews technical aspects of hydraulic 
fracturing and unconventional oil and gas production in 
California. An overarching caveat and caution applies 
to this section: many of the attendant risks have not 
been adequately studied, pointing to an acute need for 
further research. However, enough is known to justify 
specific precautionary action by regulators.  

A. Fracking uses toxic chemicals and  
produces waste fluids

Hydraulic fracturing injects fluid under high pressure, 
releasing gas and oil that would otherwise be tightly 
contained,22 thereby increasing well productivity. 
Fracking fluid typically contains water and a ‘proppant’ 
such as sand or ceramic beads, and chemicals. The 
proppant lodges in cracks created by the high-pressure 
injection, creating fissures so that gas or oil can flow to 
the wellhead. Chemicals can include friction reducing 
additives,23 biocides,24 oxygen scavengers,25 acids,26 and 
other constituents – including some known to be toxic 
or hazardous.27 

Fracking fluid often contains chemicals listed as 
hazardous pollutants under the Clean Air Act 
(CWA) or regulated under the federal Safe Drinking 
Water Act (SDWA) for risks to human health, 
such as benzene, lead, and methanol. Further, some 
ingredients are known or possible human carcinogens 
(Table 1).28 Between 2005 and 2009, oil and gas 
service companies used hydraulic fracturing products 
containing 29 chemicals that are (1) known or possible 
human carcinogens, (2) regulated under the Safe 
Drinking Water Act for their risks to human health, or 
(3) listed as hazardous air pollutants under the Clean 
Air Act. 29 These 29 chemicals were components of 
more than 650 different products used in hydraulic 
fracturing. The “BTEX compounds” – benzene, 
toluene, xylene, and ethylbenzene – appeared in 60 of 
the hydraulic fracturing products used between 2005 
and 2009. 30  Each BTEX compound is a regulated 
contaminant under the Safe Drinking Water Act and 

a hazardous air pollutant under the Clean Air Act. 
Hydraulic fracturing companies reported injecting 
11.4 million gallons of products containing at 
least one BTEX chemical over a five-year period. 31 
Additional additives range from generally harmless to 
extremely toxic.32 

It is important to note that some information is lacking 
about the fracturing fluids that have been used. Because 
of trade secret provisions, companies that voluntarily 
report fracking fluid ingredients have excluded some 
items, and further, not all injections have been  
reported. The picture we have is illustrative, but far  
from complete.

After well drilling and injection, some of the fracking 
fluid returns to the surface at the wellhead. This 
initial portion is called “flowback,” and contains 
chemicals from the fracking fluid, as well as additional 
components released during contact with the shale 
that are potential water quality hazards, such as salts, 
Naturally Occurring Radioactive Material (“NORM”), 
organic compounds, and others.33 (Table 2) A second 
portion of wastewater, referred to as “produced water,” 
continues to emerge after oil or gas production begins 
at a well.34 Produced water tends to have chemical 
characteristics derived more from the shale formation 
than from the fracking fluid itself. If there are toxic 
elements in the formation, there are likely to be toxic 
elements in the produced water. Produced water is 
often highly saline, and may have mixed underground 
with the fracking fluid injected into the formation. In 
2010, California onshore oil and gas wells produced 
about 2.39 billion barrels of produced water as a 
byproduct— about 9 barrels of water for every 1 barrel 
of oil in wells.35 

Potential water contamination can take several 
forms. Unintentional spills, improper storage, 
improper treatment, or illegal dumping present risks 
to surface water and land. Underground migration 
of fracking fluid or produced water that uses well 

III. The technical context for fracking 
matters for effective regulation 
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Table 1: Some chemical components of concern in fracking fluids.317

Chemical  
Component

Chemical  
Category

No. of  
Products

Methanol (Methyl alcohol) HAP 342

Ethylene glycol (1,2-ethanediol) HAP 119

Diesel19 Carcinogen, SDWA, HAP 51

Naphthalene Carcinogen, HAP 44

Xylene SDWA, HAP 44

Hydrogren chloride (Hydrochloric acid) HAP 42

Toluene SDWA, HAP 29

Ethylbenzene SDWA, HAP 28

Diethanolamine (2,2-iminodiethanol) HAP 14

Formaldehyde Carcinogen, HAP 12

Sulfuric acid Carcinogen 9

Thiourea Carcinogen 9

Benzyl chloride Carcinogen, HAP 8

Cumene HAP 6

Nitrilotriacetic acid Carcinogen 6

Dimethyl formamide HAP 5

Phenol HAP 5

Benzene Carcinogen, SDWA, HAP 3

Di (2-ethylhexyl) phthalate Carcinogen, SDWA, HAP 3

Acrylamide Carcinogen, SDWA, HAP 2

Hydrogen fluoride  
(Hydrofluoric acid)

HAP 2

Phthalic anhydride HAP 2

Acetaldehyde Carcinogen, HAP 1

Acetophenone HAP 1

Copper SDWA 1

Ethylene oxide Carcinogen, HAP 1

Lead Carcinogen, SDWA, HAP 1

Propylene oxide Carcinogen, HAP 1

p-Xylene HAP 1

Number of Products Containing a Component of Concern 652
Figure 2: Schematic of Class II injection 
and disposal wells.316
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Table 2: Chemical constituents in produced water from Marcellus Shale development.318  Extensive, but less 
detailed, data on produced water in California are available at http://energy.cr.usgs.gov/prov/prodwat/index.htm. 

Chemical constituent or  
surrogate parameter

Unit of measure

Range reported in pro-
duced water from wells 

drilled in Marcellus Shale 
at 5 days post hydraulic 

fracturing

Range reported in produced 
water from wells drilled in 

Marcellus Shale at 14 days 
post hydraulic fracturing

Total Suspended Solids (TSS) mg/L 10.8-3,220 17-1,150
Turbidity NTU 2.3-1,540 10.5-1,090
Total Dissolved Solids (TDS) mg/L 38,500-238,000 3,010-261,000
Specific Conductance umhos/cm 79,500-470,000 6,800-710,000
Total Organic Carbon (TOC) mg/L 3.7-388 1.2-509
Dissolved Organic Carbon (DOC) mg/L 30.7-501 5-695
Chemical Oxygen Demand (COD) mg/L 195-17,700 228-21,900
Biochemical Oxygen Demand (BOD) mg/L 37.1-1,950 2.8-2,070

BOD/COD Ratio (% biodegradable) 0.1 (10%)

Alkalinity mg/L 48.8-327 26.1-121
Acidity mg/L <5-447 <5-473
Hardness (as CaCO3) mg/L 5,100-55,000 630-95,000
Total Kjeldahl Nitrogen (TKN) mg/L as N 38-204 5.6-261
Ammonia Nitrogen mg/L as N 29.4-199 3.7-359
Nitrate-N mg/L as N <0.1-1.2 <0.1-0.92
Chloride mg/L 26,400-148,000 1,670-181,000
Bromide mg/L 185-1,190 15.8-1,600
Sodium mg/L 10,700-65,100 26,900-95,500
Sulfate mg/L 2.4-106 <10-89.3
Oil and Grease mg/L 4.6-655 <4.6-103
BTEX (benzene, toluene,  
ethylbenzene, xylene)

μg/L Non-detect-5,460

VOC (volatile organic compounds) μg/L Non-detect-7,260
Naturally occurring radioactive 
materials (NORM)

pCi/L Non-detect-18,000 pCi/L; median 2,460 pCi/L

Barium mg/L 21.4-13,900 43.9-13,600
Strontium mg/L 345-4,830 163-3,580
Lead mg/L Non-detect-0.606 Non-detect-0.349
Iron mg/L 21.4-180 13.8-242
Manganese mg/L 0.881-7.04 1.76-18.6
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bores as conduits is considered a likely pathway 
for groundwater contamination. 36 And migration 
of contaminants from deep rock strata to shallow 
drinking water is controversial and is considered less 
likely to occur. 

There are few peer-reviewed scientific studies on 
the water-related aspects of fracking, and fewer still 
focused on California.37 At the request of Congress, 
EPA is conducting a study on the potential impacts 
of fracking on drinking water and groundwater.38 The 
study will include research associated with the fracking 
water lifecycle, an environmental justice assessment, 
and analysis of existing data, case studies, and 
modeling potential impacts, among other topics. EPA 
planned to release a progress report in late 2012, with 
a final draft report scheduled for 2014.39  

In 2009 in Pavilion, Wyoming, U.S. Environmental 
Protection Agency scientists found traces of 
hydrocarbons and other contaminants associated 
with fracking fluids in samples from private and 
public drinking water wells.40 Further analysis in 
2010 and 2011 confirmed these results, showing high 
levels of carcinogenic chemicals, such as benzene, 
present in private and public drinking water wells.41 
EPA has noted that these draft findings are “specific 
to Pavillion, where the fracturing is taking place in 
and below the drinking water aquifer and in close 
proximity to drinking water wells.”

In California, wastewater from oil and gas 
development has already resulted in contaminated 
groundwater through surface storage leakage. In 
2008, a Kern County farmer was awarded $8.5 
million in compensatory damages for groundwater 
contamination from produced water stored in open 
pits.42 This case, Starrh and Starrh Cotton Growers 
v. Aera Energy LLC (unpublished decision), does 
not specify whether hydraulic fracturing waste 
was involved, but the implications are illustrative; 
wastewater from oil production poses real risks if not 
managed properly.

More information about the likelihood and extent of 
groundwater contamination is hindered by limited 
water quality baseline data, without which it is difficult 
to evaluate reports of groundwater contamination.43 

More peer-reviewed studies, particularly on the  
risks from underground migration of produced  
water and fracking fluid, would help add precision  
to future regulations. 

B. Geology and geography influence  
fracking activity

Geology and the conditions of a given geological 
formation determine which approach to fracturing will 
be most effective. The Monterey Formation is not the 
Marcellus Formation: there are similarities but also 
important differences that need to be recognized for 
effective regulatory oversight. 

California has extensive oil resources and a long 
history of oil production using injection methods 
such as hydraulic fracturing, steam flooding and 
water flooding, and the majority of produced water in 
California is injected for such enhanced oil recovery 
purposes. In contrast to other shale regions such as 
the Marcellus, most hydraulic fracturing is used for 
oil production rather than for unassociated natural 
gas. Oil-bearing shale formations in California are 
geologically complex and poorly understood. They 
are also wet; it is not uncommon for produced water 
from California oil fields to contain 80 to 90 percent 
brackish water.44

Further, the volume of water required for fracking 
has generally been much smaller in California than 
in other areas. Whereas millions of gallons of fluid 
can be employed in a single fracturing event in other 
states,45 in California industry operators report typical 
volumes of 80,000 to 300,000 gallons of fracking fluid 
per well.46 

Relatedly, directional drilling is not as prevalent here as 
in other areas of the country. Geological heterogeneity 
in California may be responsible, as most operators use 
vertical drilling to find ‘pockets’ of oil-bearing rock. 
This practice has not been commonly complemented 
by directional drilling here. In California, operators 
may not yet have discovered the best layers in which 
to target thick zones for production, nor how variable 
geology influences well behavior.47 In addition, oil-
bearing shales in the Monterey Formation are deeper 
and thicker than shale plays in many other areas, so 
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vertical drilling may be able to achieve greater access to 
deep deposits.48  Another driver for directional drilling 
is land access – where land access is more difficult or 
expensive to obtain, directional drilling becomes more 
attractive. Projections of future activity need to take all 
of these factors into account. 

Most of the fracturing in California to date has been 
concentrated in the San Joaquin Valley and southern 
coastal areas; according to an industry representative, 
over 80% of hydraulically fractured wells have been 
located in Kern County. Although there are shale gas 
formations in the Sacramento Valley, the region has 
thus far witnessed very little fracturing activity. 

While the overarching purpose of hydraulic fracturing 
– releasing oil or gas from formations in which it 
is trapped - has remained the same for decades, 

there have been shifts in the nature of the practice. 
Directional drilling extends the reach of a well far 
beyond the well pad footprint, and, combined with 
multiple fracturing events, results in greater input and 
produced water volumes for each well. Further, the 
range of ingredients in fracking fluids has expanded, 
which may change the characteristics of injected 
and wastewater with implications for water quality 
(for example fracturing fluids with higher acid 
content may prove effective for California’s clay-rich 
geology). Other states have experienced trajectories 
of increasing use of these higher-impact practices. 
Whether California will follow similar patterns will 
depend on regulatory and economic factors such as 
those discussed in the text. Decision-makers need 
prepare for the possibility that the future of fracking in 
California may look very different than its past. 

How oil and gas are formed

Generally, buried organic geological deposits become oil or gas given enough heat and time. Oil and gas are generally 
less dense than water, and migrate up through porous spaces filled with water or brine until they encounter an 
impermeable layer of rock, also known as a cap. The distribution of oil and gas is controlled over geological time by 
microbes that consume gas molecules or change oil to gas, and by buoyancy - gas, being lighter, sits above oil in a 
reservoir. It is also influenced by the source of the organic deposits, such as in California where terrestrial deposits in 
the Sacramento Valley have created gas fields, and oceanic deposits in the San Joaquin have created oil fields.49  
Reservoirs can leak oil to the surface when rock fractures through natural processes, as evidenced by early Bakersfield 
oil wells that were initially dug by hand following oil migration to the surface. 

Further, not all unconventional reserves are found in shales or deep deposits – diatomite is one example of an oil-rich 
rock with different characteristics, and resulting concerns, than shales more commonly associated with fracking (see 
Sidebar below). These and other geological processes affect the geography of petroleum exploration. They also 
influence the choice of extraction method, and the potential consequences of oil and gas production. 

Diatomite formations may have less natural protection for groundwater

Oil production in diatomite carries risks50  and is worthy of specific regulatory attention. Diatomite is found in 
relatively shallow areas, often less than 2,000 feet deep in some areas of the Central Valley. Hydraulic fracturing can 
be used to connect the pore spaces, releasing rich streams of oil, often aided by steam flooding. However, clay layers in 
the Central Valley can be very thin or nonexistent around the margins of the Valley. Where no cap rock exists, such 
areas are vulnerable to upward migration of newly released oil. Diatomite steaming has also proven dangerous and 
even fatal for workers51.  
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C. A variety of management options exist for 
produced water 

There are three main options for management and 
disposal of flowback and produced water from oil and 
gas operations: disposal into injection wells; reuse 
and recycling; and treatment. Injection and reuse and 
recycling are the most common disposal methods  
in California. 

In this section, we review the three main options for 
management and disposal of fracking wastewater, the 
risks presented by these management processes, and 
procedures and regulations that can ensure greater 
oversight and protection of human health and  
the environment.

1. Disposal by underground injection is 
common in California 

Underground injection is carried out for two purposes: 
production and disposal (Figure 2). Production wells 
are used to inject brine, water, steam, or other fluids 
into a formation to enhance the recovery of oil or gas. 
Disposal wells are used to inject waste fluids associated 
with oil and gas production. 

In California, underground injection of wastewater is 
currently the most common method for management 
of produced water.52 In California, a reported 90-
95% of wastewater is reinjected, either for reuse in 
production or for disposal in Underground Injection 
Control (“UIC”) Class II disposal wells.53 Class 
II injection wells refer to wells used for oil and gas 
purposes. The prevalence of injection disposal in 
California is much higher than in some other states, 
such as Pennsylvania. There are over 31,000 UIC 
Class II injection wells in California, of which more 
than 24,000 are active.54 Assuming that the cost of 
underground injection remains lower than other 
disposal methods, injection will likely continue to be 
the main fate of produced water in the state. 

In many cases, injection wells are drilled directly 
through aquifers to reach deeper oil or gas producing 
zones. One key risk from injection is the potential 
contamination of surrounding aquifers due to well 
casing or cement bond failure.55 Casing or cement 
failure may cause methane leakage from deep shale 
layers to shallow groundwater aquifers.56 

All Class II wells are required to be cased and 
cemented to prevent fluids from mixing with 
Underground Sources of Drinking Water (USDWs), as 
described below in section IV. Casings are metal pipes 
that line a borehole drilled through rock. Multiple 
layers of casing typically are used to protect the upper 
layers. Cement is injected into the annulus, the space 
between the casings, and between the casings and the 
surrounding formation. Together, these form a barrier 
designed to keep injected fluids from contaminating 
aquifers. This barrier, like any physical barrier, may 
degrade over time. 

Wellbores (the holes drilled to reach oil-bearing 
deposits) are also a potential source of underground 
contamination.57 This is especially true of abandoned 
wells or wells constructed without sufficient casing and 
cementing. Although thick clay layers cap oil deposits 
in the Monterey Formation, potentially reducing the 
risk of migration to aquifers,58 wellbores can form a 
conduit through which oil and gas can rapidly rise 
towards freshwater layers in a matter of hours or days. 
If casing and cementing are insufficient, oil and gas 
can penetrate quickly. And if oil or gas enters deep in 
the saline zone of an aquifer, it may take decades or 
centuries to appear in drinking water wells. 

Abandonment of wells after their productive lifespan is 
also a crucial issue for water quality protection. Proper 
capping and sealing of wells may reduce these risks, but 
even wells abandoned using best practices can leak over 
time. Active wells can be tested to reduce the risk of 
leaks and enable repairs if leaks are detected. Standard 
tests include Radioactive Tracer Tests and Standard 
Annulus Pressure Tests, which in UIC disposal wells 
are conducted pursuant to DOGGR regulations. 

a. Underground injection has led to  
seismic events 

According to a National Research Council report, 
injection of fluids to Class II wells can cause 
seismic events.59 A few recent examples in the 
United States support this conclusion. The Ohio 
Department of Natural Resources (ODNR) 
attributed a series of earthquakes near Youngstown 
in 2011 to injection into UIC disposal wells.60  
The ODNR report concluded that induced 
seismicity is rare, and occurred in this case due 
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to the intersection of the injection zone and an 
unmapped fault under stress. A University of 
Texas study found that earthquakes occurred more 
frequently near injection well sites in the Barnett 
Shale region, with most of the epicenters located 
within two miles of injection wells.61 

Magnitude matters - for the most part, induced 
seismic events have been small, only rarely felt 
on the surface. However, larger events are not 
unprecedented: in 1967 and 1968, waste disposal 
in injection wells triggered a dormant fault and 
caused a series of small but damaging earthquakes 
at the Rocky Mountain Arsenal near Denver.62 

How this translates to risk of earthquake damage 
in California, either to surface property or to 
well bore integrity, is as yet unknown. Given 
California’s well-documented and historically 
active fault lines and tectonic stress, the state will 
need to closely evaluate how to properly manage 
the relationship between seismicity and injection 
wells in order to reduce any risk of earthquakes. 

b. The distinction between production and 
disposal wells is relevant to understanding the 
risks they pose to water quality

Hydraulic fracturing uses similar (and in some 
cases identical) wells as injection disposal, but 
the risks from fracturing events themselves have 
not been as well documented. The data we do 
have indicates some potential risks presented by 
fracking events themselves. 

High-pressure hydraulic fracturing events may 
cause well casing failure; this is part of the 
justification cited for proposed regulations 
requiring pressure standards and testing.63 
An analysis of Pennsylvania Department of 
Environmental Protection records found 
that more than 6% of wells had compromised 
structural integrity,64 and other recent analysis also 
suggests that the risk of water contamination from 
such failure may be significant.65 Other potential 
avenues for water contamination from fracking 
activities have less scientific support. For example, 
while migration of contaminants between 

geological strata has been discussed,66 there is scant 
empirical evidence for migration of fracking fluids 
between geologic strata.67  

Production wells may also lead to induced 
seismicity. An Oklahoma Geological Survey 
found increased earthquake activity near hydraulic 
fracturing sites, often within 24 hours after 
fracturing events.68 However, there is currently less 
information on the relation between production 
wells and induced seismicity than there is on 
injection wells and induced seismicity. 

This highlights the need for more scientific 
information on the risks presented by fracking 
events themselves, in addition to injection wells 
and other wastewater management options.  

2. Techniques exist to reuse and minimize 
and reuse produced water  

Where reuse and minimization of produced water can 
be accomplished safely, this can reduce the amount of 
water that must be obtained for fracking fluid, as well 
as the amount which must later be disposed of, both 
of which can reduce costs for operators. Recycling can, 
however, incur costs where the quality of the produced 
water necessitates treatment or dilution before reuse. 
In addition, treatment is often energetically and 
chemically intensive.69 

Produced water can be reused for hydraulic fracturing 
in multi-stage wells, but more commonly, reuse in 
California has been for non-fracturing uses such as 
steam flooding or water flooding (see Sidebar page 
12, (“Nutshell descriptions”)). Oil and gas producers 
sometimes treat and reuse some of their produced 
water, for example, to generate steam.70 Produced 
water from shale formations in California is usually 
managed in closed loop systems that bring up oil 
to the surface, separate water from oil, and reinject 
the water either to disposal wells or into the oil-
bearing formation to increase production.71 Closed 
loop systems that directly connect the wellhead and 
injection disposal wells also eliminate one source 
of spills. Flowback can generally be recycled until it 
reaches very high concentrations of TDS, at which 
point the wastewater must be disposed of or diluted. 
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Minimization of fracking water production is most 
commonly done onsite, where technologies such 
as downhole oil/water separators and mechanical 
blocking devices can reduce the amount of produced 
water that surfaces.72 According to industry 
representatives, such technologies are not commonly 
used in California.73   

3. Produced water can be treated

Produced water can also be treated in order to remove 
solids and oil in preparation for disposal in injection 
wells, for subsequent reuse in gas or oil development, 
or, after treatment to higher standards, for discharge 
or beneficial reuse (see Sidebar page 40, “Resource 
recovery and beneficial use of produced water are 
potential sources of local water supply”).74 Treatment 
for discharge and beneficial reuse is not common in 
California because, to date, injection has been more 
economical, and there are regulatory prohibitions  
on discharge.75 

Some hydraulic fracturing operators in other states 
have sent wastewater to treatment facilities that are 
authorized to discharge pursuant to NPDES permits. 
These facilities include Publicly Owned Treatment 
Works (POTWs) or Centralized Waste Treatment 
facilities (CWTs). POTWs are treatment works that 
are owned by a state or municipality.76 They include 
any devices and systems used in the storage, treatment, 
recycling, and reclamation of municipal sewage or 
liquid industrial wastes. They also include sewers, 
pipes, and other conveyances if they convey wastewater 
to a POTW treatment plant.77 CWTs are dedicated 
brine or industrial wastewater facilities. These 
centralized treatment facilities either have no direct 
surface water discharge, for example, partially  
treating the water and sending it to POTWs for 
further treatment, or treat the wastewater to new 
discharge standards.

POTWs are generally not designed for the purpose 
of treating produced water.78  In particular, high 
concentrations of dissolved solids cannot readily be 
removed by POTWs. In addition, high salt, organics, 
and heavy metal concentrations can affect or disrupt 
the treatment process.79 

A critical point is that without full disclosure, treatment 
plan operators cannot know what is in the water  
they are receiving, and therefore may not treat for,  
let alone monitor and verify, the removal of fracking 
fluid additives. 

D. Surface storage and illegal dumping 
present dangers  

Disposal and storage options historically included 
unlined ponds and land application, but both of 
these methods have become less prevalent as fracking 
regulations have tightened. Surface impoundments 
were commonly used in the past, but the State Water 
Resources Control Board has worked with industry to 
reduce this practice.80 As the Starrh case81 indicates, 
surface storage seepage could severely impact local 
shallow groundwater and surface water sources. 
Surface impoundments have also created problems 
in other states. The West Virginia Department of 
Environmental Protection is investigating the recent 
release of an estimated 95,000 gallons of flowback from 
a surface impoundment, possibly an overflow due to 
operator error.82

Illegal dumping of produced water has also been 
documented in other states, including recently in 
Ohio.83 Civil84 and criminal85 penalties under Porter-
Cologne and the Clean Water Act exist to discourage 
dumping in California, and penalties exist for violation 
of any of DOGGR’s regulations.86 Although dumping 
fracking fluid or produced water has not been widely 
reported in California, whenever dumping is less 
expensive than injection or treatment, companies may 
have an incentive to do so if there is lax enforcement 
or only minor penalties. As described in Section B. 
Geology and geography influence fracking activity, 
the short duration and relatively low volume of fluid 
employed in fracturing events in California, combined 
with scant resources allocated to such enforcement, 
make it difficult to say with confidence that illegal 
dumping does not occur in the state. 
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E. Inadequate notice, disclosure and 
information gaps hinder effective regulation 

National, state, and local attention to the issue 
notwithstanding, detailed information on fracking 
in California is insufficient. In addition to fracking 
wastewater, fracking events themselves pose risks 
to environmental quality. Yet because California’s 
existing regulatory regime for fracking notice and 
disclosure is inadequate, the State does not currently 
have comprehensive information on every fracking 
event that has taken place, the chemicals used, and nor 
baseline water quality data in the immediate area that 
is essential to proving a contamination event. For this 
reason, we also address California’s current regulatory 
regime for notice and disclosure in this report. 

DOGGR’s planned new regulations would modify 
California’s notice and disclosure requirements 
slightly, as described below. However, we describe the 
existing regulatory scheme here, because it currently 
governs fracking in the State. 

California’s existing regulatory regime for fracking 
notice and disclosure is inadequate. In a move towards 
greater transparency, the vast majority of oil and gas 
operators in California recently began voluntarily 
reporting fracking sites, as well as volumes and some 
ingredients used in fracking fluid.87 The information is 
posted on Frac Focus (www.fracfocus.org) in Material 
Safety Data Sheets (MSDSs) that list chemical 
constituents and their concentrations. 

However, the existing database has shortcomings. 
First, it is currently voluntary for California operators, 
and thus has less than full participation. Second, 
service companies currently withhold identification 
of some ingredients in fracking fluids as industry 
trade secrets, entirely at their discretion, based on 
California’s Uniform Trade Secrets Act.88 Third, there 
is no verification or testing process for the data that is 
reported; as such, the quality of data reported on the 
website varies by well and operator. 

Fourth, it is in California’s interest to have a long-term, 
unified source for all information on each fracking 
operation. Consistent with the potential long-term 
implications of fracking for water quality, this source 
should meet standards for long-term stewardship and 
archiving of records. Frac Focus, while supported by 
strong entities, is a third party whose management and 
funding are not under control of the State  
of California. 

Fifth, and perhaps most importantly, disclosures to Frac 
Focus are made after the fact, rather than in advance. 
Even if most California fracturing events have been 
relatively small to date,89 once they are completed 
the effects are irreversible and potentially long-
term. Because of this, windows for public awareness, 
monitoring, and action on fracking can be brief, a 
fact that elevates the importance of transparency and 
process. The public should have more opportunity to 
understand and provide input on whether and how oil 
and gas operators fracture near their homes and  
water supplies. 

Timely public disclosure of fracking site locations, 
operators, fracking chemicals, and waste handling and 
disposal are needed to enable better environmental 
protection. Such data are also needed to enable  
future research on fracking safety, risks, and 
environmental impacts.  

In addition to inadequate notice and disclosure, other 
key unknowns about fracking in the State include 
full information on the constitution, treatment, and 
disposal of produced water, information on legacy 
effects, and cumulative impacts of over half a century 
of fracking and a century of oil and gas production. 
Further, a more complete understanding of existing 
practices on the ground, from both industry and 
regulatory perspectives, would contribute to greater 
transparency and understanding of how to best 
manage fracking in the State. 
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A. Several state and federal agencies  
share responsibility 

A number of state and federal agencies share 
responsibility for regulating aspects of oil and gas 
production including hydraulic fracturing and 
injection well disposal and their attendant potential 
impacts on water resources. These agencies include the 
U.S. Environmental Protection Agency, federal Bureau 
of Land Management (BLM), California Division of 
Oil, Gas & Geothermal Resources (DOGGR), the 
State Water Resources Control Board (SWRCB), and 
the nine Regional Water Resources Control Boards 
(Regional Boards). 

Federally, the Clean Water Act regulates the treatment 
and discharge of wastewater into surface waters of the 
United States. Point sources associated with oil and gas 
production are prohibited from discharging wastewater 
directly to water bodies.90 EPA sets requirements for 
the introduction of industrial discharge to POTWs – 
known as “indirect discharge”91 – and to CWTs. States 
may also adopt more stringent requirements for such 
discharge.92 

Through the Safe Drinking Water Act, U.S. EPA 
has national responsibility for protection of source 
water quality, including groundwater through its 
Underground Injection Control (UIC) program. 
DOGGR has primacy for implementing the UIC 
program in California. EPA has recently exercised its 
oversight by commissioning a review of California’s 
UIC implementation.93 

California’s Division of Oil, Gas & Geothermal 
Resources (DOGGR), regulates statewide oil and gas 
activities for the protection of “life, health, property 
and natural resources.”94 DOGGR has oversight 
responsibility for oil and gas production activities,95 
including where hydraulic fracturing is used.96 
DOGGR’s activities include “well permitting and 
testing; safety inspections; oversight of production and 
injection projects; environmental lease inspections; 
idle-well testing; inspecting oilfield tanks, pipelines, 
and sumps; hazardous and orphan well plugging and 
abandonment contracts; and subsidence monitoring.”97 
Until recently, DOGGR did not acknowledge specific 
responsibility for hydraulic fracturing.98 Their recent 
“discussion draft” regulations are welcome progress, 
and are discussed below in Section V. DOGGR also 
has primacy to regulate Class II injection well disposal 
in California, with EPA oversight.99

The State Water Resources Control Board (SWRCB), 
along with the nine Regional Water Resources Control 
Boards (Regional Boards), implements the Porter-
Cologne Water Quality Control Act, California’s 
primary water quality regulations,100 and is the state 
agency in charge of implementation of the Clean 
Water Act.101 As such, SWRCB and the Regional 
Boards issue permits for discharges to surface, 
coastal or groundwater. The Regional Water Boards 
issue waste discharge permits, take enforcement 
action against dischargers who violate permits or 
harm water quality in surface waters, and monitor 
water quality. To prevent water quality problems, 
the Regional Boards implement waste discharge 

IV. The current regulatory  
landscape does not ensure safe 
hydraulic fracturing
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restrictions through Water Quality Certification, 
National Pollutant Discharge Elimination System 
(NPDES) permits, waste discharge requirements/
permits (WDRs), discharge prohibitions, enforcement 
actions, or best management practices. DOGGR and 
SWRCB have overlapping statutory responsibilities 
for protecting the state’s water resources, and specific 
roles in regulating potential impacts from oil and gas 
development, as described in the sidebar on page 24 
(“DOGGR and SWRCB jurisdiction”), may benefit 
from clarification. 

The federal Bureau of Land Management (BLM) is 
responsible for leasing oil and gas resources on all 
federally owned lands.102 The BLM manages 248 
million acres and is responsible for 700 million acres 
of subsurface mineral resources in the United States.103 
Federal land ownership is concentrated in the West; 
47% of California is federally owned.104 California also 
contains 2.5 million acres of federal split estate land, 
in which landowners own the surface of their land, but 
BLM owns the federal oil and gas resources beneath 
the surface.105

BLM is responsible for the review and approval of 
all permits and licenses to explore, develop, and 
produce oil and gas and geothermal resources on 
federal lands. The BLM’s existing hydraulic fracturing 
regulations were last revised in 1988, well before the 
latest hydraulic fracturing technologies became widely 
used.106 In May 2012, BLM published new proposed 
rules governing hydraulic fracturing on lands managed 
by BLM.107 The agency’s new proposed rules are 
discussed below in Section V. 

BLM and DOGGR have recently updated a 
Memorandum of Understanding (MOU) that 
acknowledges their overlapping responsibilities on 
lands with federal interests in California, including 
lands where the federal government owns either 
the surface or mineral rights, or both. 108 The MOU 
specifies that where mining takes place on these lands, 
the two agencies will “exchange information and 
combine resources where possible.” 109  The MOU 
specifies various efforts to develop collaboration, 
including on inspections, notifications, idle well 
monitoring, and other areas. 

DOGGR and SWRCB jurisdiction over wastewater from oil and gas production  
DOGGR and SWRCB110  have overlapping responsibilities related to regulation of Class II injection wells in Cali-
fornia,111  including preventing damage to ground and surface water and protecting beneficial uses of water. A 1998 
Memorandum of Agreement (MOA) attempted to address their respective spheres of responsibility;112  however, 
more coordination is needed between the two agencies. 

The MOA has as three express goals: (i) simplifying reporting; (ii) eliminating duplication of effort; and (iii) better 
coordinating permitting and reporting for Class II wells. In practice, the agencies may have succeeded in the first two, 
but there is room for improvement on coordinating the permitting and reporting.  

It is unclear whether the agencies have actually achieved the level of active coordination necessary given their overlap-
ping statutory responsibilities. For example, although DOGGR is technically required to inform SWRCB when an 
operator reports well casing leakage, we were unable to locate details of this type of reporting. Public comments during 
a DOGGR public workshop113  posed similar questions and indicated that, at the very least, communication between 
DOGGR staff and Regional Board staff leaves room for improvement. This suggests that DOGGR’s inspection may 
not be capturing such failures, or that it is not reporting such incidents to SWRCB or Regional Boards. 

Greater attention should be paid to the inter-agency responsibilities outlined in the MOA; additional resources may be 
needed in order to improve inter-agency coordination and communication. We recommend a third party review of the 
MOA and its implementation.
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B. CEQA offers one possible framework for 
assessing fracking impacts

The California Environmental Quality Act (CEQA)114  
applies to discretionary projects proposed to be 
carried out or approved by a public agency in 
California.115 Broadly stated, its purposes are to: 
inform governmental decision-makers and the public 
about the potential significant environmental effects 
of proposed projects; identify ways that significant 
environmental effects can be avoided or significantly 
reduced; prevent public agencies from approving 
projects with significant adverse effects if there are 
feasible alternatives or feasible mitigation measures 
that would substantially lessen the significant 
environmental effects; and publicly disclose why 
a project was approved if it will have significant 
environmental effects.116  A “significant effect” on the 
environment is defined as a substantial, or potentially 
substantial, adverse change in any of the physical 
conditions within the area affected by the project, 
including land, air, water, minerals, flora,  
fauna, ambient noise, and objects of historic  
or aesthetic significance.117  

The analysis of a project required by CEQA usually 
takes the form of an Environmental Impact Report 
(EIR), Negative Declaration (ND), or Environmental 
Assessment (EA). CEQA requires each public 
agency to prepare an Environmental Impact Report 
(EIR) when it proposes to approve or carry out a 
discretionary project that may have a significant 
impact on the environment, and to mitigate or avoid 
those significant impacts whenever feasible. Where an 
agency determines that a proposed project would not 
have a significant effect on the environment, it may 
adopt a negative declaration (ND) to that effect. If an 
EIR is necessary, CEQA requires that the lead agency 
consult with other public agencies and special experts, 
provide at least 30 days public notice and opportunity 
to comment on a draft EIR, and provide a response to 
public comments.118 

Public agencies are entrusted with compliance with 
CEQA and its provisions are enforced, as necessary, by 
the public through the comment and response process, 
and through litigation and the threat of litigation. Since 

2010, DOGGR has routinely followed an abbreviated 
environmental review process for oil and gas well 
permits.  DOGGR typically either, (1) finds the well 
projects to be “minor alterations to land” or “existing 
facilities,” which are categories of projects exempt 
from full environmental review; or, (2) finds the well 
projects to include mitigation measures that result in 
the project having no significant impacts, which allows 
DOGGR to approve the project using a Mitigated 
Negative Declaration, rather than a more detailed 
Environmental Impact Report.119 However, some EIRs 
have been prepared for fracking activities in the state, 
such as the Baldwin Hills  Community Standards 
District EIR.120 We discuss a pending CEQA lawsuit 
against DOGGR in Section V below. 

C. Federal and state law applies to  
underground injection disposal

The federal Safe Drinking Water Act of 1974 (SDWA) 
requires that injection of wastewater be regulated 
by EPA’s Underground Injection Control program 
(UIC).121 The UIC program is designed to prevent the 
injection of liquid wastes from contaminating USDWs 
by setting standards for safe wastewater injection.122 

Injection wells associated with oil and gas wastewater 
disposal are designated as Class II wells under UIC.123 
Because of a regulatory determination by the EPA not 
to classify oil and gas wastewater as “hazardous,” these 
fluids do not need to be injected into more rigorously 
controlled Class I hazardous waste wells.124  Class I 
wells are subject to more stringent requirements than 
Class II wells, including more comprehensive siting, 
reporting, and technical requirements.125 

The UIC program regulates Class II wells that are 
used for injection purposes. Such purposes include 
both the disposal of fluids related to oil and gas 
production, and also the injection of fluids for 
enhanced oil recovery. The UIC program does not 
regulate production wells that are used only to bring 
oil and gas to the surface, without injection.126 The 
2005 Energy Policy Act revised the SDWA term 
“underground injection” to explicitly exclude the 
injection of fluids and propping agents (except diesel 
fuel) used in the hydraulic fracturing production 
process. In addition, the CWA exempts water derived 
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from gas extraction from regulation when the water 
is injected into a well and will not result in the 
degradation of other water bodies.127   

The federal Fracturing Responsibility and Awareness 
of Chemicals Act (“FRAC Act”), first proposed 
in 2009, would have eliminated the exemption for 
hydraulic fracturing operations established in the 
Energy Policy Act of 2005. It would have amended the 
term “underground injection” to include the injection 
of fluids used in hydraulic fracturing operations, 
providing EPA with the authority to regulate this 
process under the SDWA. It would also have created 
broadly applicable disclosure requirements.128  
In 2011, the FRAC Act failed to clear committee  
in both houses. 

Because DOGGR has primacy for oversight of SDWA 
provisions in California,129 it must adopt and operate 
“effective program to prevent underground injection 
which endangers drinking water sources.”130 This 
program must also include “inspection, monitoring, 
recordkeeping, and reporting requirements.”131 If an 
operator captures fluids for injection, they must obtain 
approval from DOGGR.132 

Through its UIC implementation, DOGGR regulates 
casing integrity for injection wells in California, 
requiring “water-tight and adequate casing,” to protect 
groundwater and surface water from contamination.133 

In April 2010, Region 9 of U.S. EPA requested an 
evaluation of DOGGR’s UIC Class II program, 
which was conducted by a third party contractor 
and published in June 2011.134  The review evaluated 
of definitions of underground water sources, area of 
review (AOR) and Zone of Endangering Influence 
(ZEI) calculations and procedures, compliance and 
enforcement, idle wells, financial requirements (e.g., 
bonds), and other topics. 

The review found that existing DOGGR practices 
may not be sufficient to prevent fluid movement in all 
USDWs affected by Class II wells, and that historical 
projects do not always meet current standards.135 
DOGGR has announced an action plan to address 
EPA’s concerns.136 The action plan says that DOGGR 
will “begin a rulemaking in 2013 to update the 

UIC program, well construction, and planning and 
abandonment regulations.” 

By EPA’s definition, an USDW supplies, or contains 
sufficient water to supply, a public water system with 
water.137 California’s definition is broader, applying 
beneficial use designations to smaller sources.138 
Currently, EPA defines sources of underground 
drinking water as those containing less than 10,000 
ppm total dissolved solids (TDS),139 while existing 
DOGGR regulations define “protected water” as 
water containing less than or equal to 3,000 ppm 
TDS. This distinction is important because it drives 
the implementation of measures to protect USDWs, 
for example the required depth and quality of the well 
casing and cementing, and it suggests that current 
DOGGR regulations do not protect USDWs to  
EPA standards.140 

Despite evidence showing a link between  
underground injection and earthquakes (see Section 
III C), the Safe Drinking Water Act does not address 
induced seismicity.

DOGGR also regulates well abandonment in part 
to protect underground and surface water from 
detrimental substances.141 DOGGR is tasked with 
oversight of “hazardous wells” that pose “potential 
danger to life, health, or natural resources” that 
have no operator responsible for their plugging and 
abandonment.142 State policy declares that the cost of 
abatement be charged to oil and gas producers.143 

DOGGR’s management of well abandonment 
was also part of EPA’s UIC program review.144 In 
its action plan, DOGGR’s describes its intent to 
review its abandonment practices and requirements, 
and to respond to EPA’s recent technical review.145 
Therefore, in this report we touch only briefly on 
well abandonment. However, based on the geological 
hazards, this issue requires concerted attention both to 
address the hazards of existing wells, and to safeguard 
active and future wells. 

In contrast to underground injection, hydraulic 
fracturing itself is not well covered in California 
regulations. As DOGGR acknowledges on its website, 
“[t]here is a gap between the requirements placed on 
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oil and gas operators to safely construct and  
maintain their wells, and the information they  
provide to the Division about hydraulic fracturing 
operations and steps taken to protect resources  
and the environment.”146 

DOGGR requires mechanical integrity testing for 
both production and disposal wells,147 but no specific 
regulations are in place distinguishing wells employing 
hydraulic fracturing. DOGGR currently does not 
require reporting of hydraulic fracturing: drilling and 
mechanical changes to wells must be reported, but 
reporting hydraulic fracturing events themselves is 
not required.148 DOGGR’s new proposed regulations 
would require operators to report all fracturing events 
in advance.149 

D. California water recycling policy does not 
specifically consider produced water

The Legislature has tasked the State Water Resources 
Control Board and the Regional Boards with 
increasing the use of recycled water.150 State recycled 
water policy defines recycled water as “water which, 
as a result of treatment of waste, is suitable for a direct 
beneficial use or a controlled use that would not 
otherwise occur and is therefore considered a valuable 
resource.”151 While much discussion of recycled water 
centers rightly on municipal sources, wastewater 
from oil and gas production is consistent with the 
definition152 and broader intent153 of water policy in 
California, so long as it is carried out in a way that does 
not impact human or environmental health. 

Regulation of the recycling and reuse of wastewater 
from oil production depends on how it will be used. 
Reinjection of oil and gas waste into UIC Class 
II wells is permissible under the SDWA.154 Such 
uses include routine reuse of produced water for 
water flooding and steam flooding. SWRCB and 
the Regional Boards are also tasked with achieving 
the maximum effective use of fresh waters through 
reclamation and recycling. For recycling for other 
beneficial uses, suppliers must conform to water 
reclamation requirements,155 waste discharge 
requirements (WDRs)156 or master recycling 
permits from Regional Boards for reuse of water.157 
In California, discharges of wastewater to land 

usually require Waste Discharge Requirements 
(WDRs) issued by the appropriate Regional Board in 
compliance with the applicable water quality control 
plan.158 SWRCB has issued a general permit for 
landscape irrigation, but it excludes non-municipal 
wastewater, including produced water.159 This and 
other general permits could be used as models 
to develop general permits for beneficial reuse of 
produced water.

E. State regulations apply to treatment of 
produced water

Under the Clean Water Act, point sources associated 
with oil and gas production are prohibited from 
discharging wastewater directly to water bodies.160 
However, some fracking operators may send 
wastewater to treatment facilities, POTWs or 
CWTs, which are authorized to discharge. The 
national pretreatment program regulates discharges 
from industrial and commercial wastewater to 
POTWs. Because these discharges enter a POTW 
before entering a water of the US, they are considered 
indirect discharges. 

Discharges by covered entities into POTWs are 
required to comply with pretreatment requirements. 
EPA regulations prohibit the introduction of wastes 
that interfere with, pass through or are otherwise 
incompatible with POTW operations.161 EPA’s 
federal regulations also set categorical pretreatment 
requirements for the introduction of industrial 
wastewater to POTWs and for the discharge of 
industrial wastewater from CWTs.162 

There are no federal pretreatment requirements 
specifically for oil or gas wastewater. EPA plans to 
develop pretreatment standards for the shale gas 
extraction and coal bed methane extraction industries 
in 2013 and 2014.163 These standards will require that 
wastewater associated with those industries be treated 
to set standards before being discharged into POTWs. 

The EPA has approved California’s program to regulate 
discharges of wastewater from point and nonpoint 
sources to “waters of the United States.”  The State, 
through the Regional Water Boards, issues the NPDES 
permits, reviews discharger self-monitoring reports, 
performs independent compliance checking, and takes 
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enforcement actions as needed. States may establish 
pretreatment requirements that are stricter than current 
federal standards.164 States may also flatly prohibit 
discharge of fracking wastewater to surface bodies, 
including through POTWs and CWTs. Ohio is one 
state that has banned treatment of fracking wastewater 
at POTWs and CWTs.  

Because national pretreatment standards for direct 
dischargers have not yet been established for the 
hydraulic fracturing industry,165 NPDES permits for 
POTWs must reflect site-specific discharge controls.166 
For indirect discharges with no specified pretreatment 
standards, state or local agencies are responsible for 
developing local technology or water quality-based 
limits.167 The NPDES permits for POTWs and CWTs 
must include any requirements necessary to meet 
water quality standards, including water-quality limits 
on pollutants discharged to a particular water body.168

California regulations do not specifically address 
whether wastewater from fracking can be disposed of 
in POTWs or CWTs. Therefore, fracking wastewater 
discharge to POTWs and CWTs is governed similarly 

to other industrial discharge: operators determine 
whether they can meet their discharge limits before 
deciding whether to accept the flow.169 State Water 
Resources Control Board and Regional Board 
representatives stated that they have no knowledge 
of fracking wastewater being sent to POTWs in 
California.170  However, if hydraulic fracturing 
accelerates in the State, there may be a significantly 
larger amount of produced water that must be 
managed and disposed of, potentially placing more 
pressure on treatment facilities to accept and process 
such wastewater.

In addition, there is a potential regulatory gap with 
regard to oil and gas wastewater sent to POTWs and 
CWTs. The Clean Water Act’s general prohibition 
against pass-through and interference may be difficult 
to implement and enforce for fracking wastewater 
because some POTWs and CWTs are not required 
to test their discharges for the pollutants that such 
wastewater contains.171 This also highlights the need 
for greater transparency and disclosure of chemicals 
used in fracking fluids. 

V. Possible near-term  
changes may alter California’s 
regulatory landscape
Intense interest in the topic of hydraulic fracturing 
has motivated recent state legislative and agency 
activity, including the introduction of several bills 
and a new rulemaking. Many environmental172 and 
industry173 groups are engaging with these processes. 
In addition, a recent California Environmental 
Quality Act (CEQA) lawsuit could change the 
regulatory context if successful.174 

A. DOGGR’s proposed new regulations 
would increase protections, but leave gaps

DOGGR is currently in the process of developing 
new regulations governing hydraulic fracking 
operations. The agency released “discussion draft” 
regulations in December 2012, in advance of a 
formal rulemaking slated for 2013.175 The “discussion 
draft” includes provisions for advance notification 
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to DOGGR; pre-fracturing well testing; monitoring 
during and after fracturing operations; disclosure 
of materials used in fracturing fluid after a fracking 
event; and requirements for storage and handling of 
hydraulic fracturing fluids.

1. DOGGR proposes increased disclosure 
and transparency

DOGGR’s proposed new regulations would modify 
the State’s disclosure and transparency requirements 
in some important respects. DOGGR would require 
oil and gas well operators to publicly disclose to Frac 
Focus after a fracking operation: the operator’s name, 
the well location, well depth, the name of the geologic 
formation fractured, the list of chemicals used, the 
total volume of fluid used, and the disposition of the 
fluid used for fracturing.176 

In addition, DOGGR proposes a 10-day pre-
fracturing well integrity test and advance notice to 
the agency, which it will post on its website “as soon 
as possible after receipt, but no less than 7 days after 
receipt.” 177 Thus, the public would have between 3 
and 10 days to see the pre-fracturing test form before 
fracturing takes place. However, this form would not 
contain information on the chemicals or approximate 
volume of fluid to be used. DOGGR also addresses 
trade secrets in its proposed new regulations. Its 
new regulations would require the owner of a trade 
secret to show that the trade secret gives the owner a 
significant economic advantage, that disclosure would 
compromise that advantage, that the information 
has not already been disclosed, and that the fluid or 
substance cannot be reverse engineered to discover 
its composition. The owner would also be required to 
declare under penalty of perjury that the substance 
in question was a trade secret.178 Further, in the event 
of an emergency, the identity of any trade secret-
protected fluid must be immediately disclosed to 
emergency personnel and to DOGGR, as well as 
to doctors or other medical professionals treating a 
patient suspected of exposure to the fluid. 179  

DOGGR’s proposed notice requirements are a step 
in the right direction, but longer lead time, more 
comprehensive pre-fracking information, and formal 

opportunities for the public to report concerns, ask 
questions, and potentially change whether and how 
fracking occurs would be more empowering and 
meaningful. For example, DOGGR could use CEQA’s 
notice provisions as a model and require at least 30 
days advanced public notice and opportunities to 
comment before any fracturing event takes place (see 
also Section D. Recent lawsuits charge that DOGGR 
and BLM failed to appropriately consider risks). In 
addition, DOGGR’s proposed regulations do not 
require this 10-day advance notice to be posted on 
Frac Focus before fracturing takes place. Thus, the new 
regulations seem to create two separate, incomplete 
sources of information – Frac Focus and DOGGR’s 
own website. 

In addition, DOGGR should require advanced 
disclosure of fluid composition, rather than post-
fracking disclosure only. Regional water boards and 
local residents should know what chemicals are being 
used before fracking starts to enable baseline water 
sampling and assist in identification of potential 
sources of contamination.180 This is especially true 
because contamination may take place immediately, yet 
according to DOGGR’s discussion draft regulations, 
operators would have up to 60 days after a fracking 
event to report information on the chemicals used. We 
find this inadequate.

 DOGGR itself has acknowledged that its “discussion 
draft” trade secret provision is inadequate – for 
example, if an oil developer or service provider goes 
out of business or is unreachable, there may be no 
way to obtain trade secret-protected information 
during an emergency or otherwise.181 Environmental 
groups have also criticized DOGGR’s draft trade 
secret provisions, as well as its narrow definition of 
“health professionals,” which excludes toxicologists, 
epidemiologists, chemists, and biologists, as well as 
researchers and regulators from agencies including 
EPA.182 As our recommendations below make clear, we 
believe DOGGR should require that even trade-secret 
protected information be disclosed to the agency, to 
ensure immediate emergency personnel access and 
long-term record keeping. 
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DOGGR’s discussion draft recommendations show 
DOGGR’s recognition of the importance of increased 
disclosure. However, in addition to points discussed 
above, gaps remain. Our recommendations set forth 
below are intended to fill some of these gaps and 
strengthen the regulatory requirements for notice and 
disclosure in California. 

2. DOGGR proposes regulations specific to 
hydraulic fracturing events

DOGGR’s discussion draft regulations contain 
general hydraulic fracturing requirements,183 including 
requirements for sufficient cementing,184 isolation of 
protected water zones185 and potentially productive or 
corrosive zones, 186 and mechanical integrity testing.187

These draft requirements are aimed specifically at 
hydraulic fracturing events. DOGGR’s draft makes 
explicit the proposed distinction – “well stimulation 
operations, including hydraulic fracturing, are not 
underground injection or disposal projects.”188 For 
injection well disposal more broadly, DOGGR has 
published an “action plan” indicating that it will 
respond to EPA’s review of its UIC program.189 

DOGGR’s discussion draft regulations describe 
evaluation prior to fracturing. Physical testing 
requirements include pressure testing of cemented 
casing strings, surface equipment testing, and cement 
evaluation.190 Required fracture radius analysis 
would include modeling to simulate the extent of 
the fractures expected. This modeling would be 
used to estimate whether fractures would encounter 
existing active or inactive wells (i.e., possible conduits 
for migration), and to indicate whether additional 
geological evaluation would be required.191 These 
analyses are meant to ensure that the “operator shall 
design the hydraulic fracturing treatment so as to 
ensure that the fracturing fluids or hydrocarbons 
do not migrate and come in contact with a strata or 
zone that contains protected water.”192 DOGGR’s 
discussion draft regulations do not specify details 
of how decisions will be made to “ensure” these 
outcomes, nor do they specify additional penalties for 
operators who fail to do so. 

DOGGR’s discussion draft regulations also contain 
provisions for monitoring after fracturing.193 These 
include a 30-day daily monitoring period, with 
annular pressure, tubing pressure, and casing pressure 
monitored by the operator, and immediate notification 
to DOGGR required if specified pressure thresholds 
are exceeded. Rather than immediately reporting 
comprehensive monitoring data, the operator is 
required to maintain the data for five years and report 
it upon request by DOGGR.194 

DOGGR’s proposed regulations define “protected 
water” as water that either:  
(1) Contains no more than 3,000 mg/l total 
dissolved solids; or 

	 (2) Contains no more than 10,000 mg/l total 
dissolved solids and is suitable for irrigation or 
domestic purpose.195

This definition is more restrictive, and less precise, 
than EPA’s quantitative definition, which defines 
sources of underground drinking water as those 
containing less than 10,000 ppm total dissolved solids 
(TDS). The definition of protected waters must be 
broad enough to protect water affording any beneficial 
uses, especially given California’s scarce and highly 
valued water resources. 

DOGGR’s discussion draft regulations do not address 
reuse or recycling of fracking fluid or produced water. 
In addition, the discussion draft regulations do not 
mention treatment of oil and gas wastewater. 

3. DOGGR proposes changes to storage and 
handling requirements 

DOGGR’s discussion draft contains proposed  
storage and handling regulations specific to fracturing 
fluids, excluding unmixed freshwater.196 The 
requirements would include secondary containment 
storage equivalent to that required for other oil 
production facilities.197 The regulations prohibit 
storage in unlined pits, but do not specify the need 
for tank storage, let alone any regulations for tank 
construction or maintenance.198 The proposed 
regulations require an operator to conduct clean up 
and remediation in the event of a spill, and to notify 
DOGGR within five days.199  
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B. New BLM rules would require increased 
notice and disclosure

In May 2012, BLM published a proposed rule that 
would require companies employing hydraulic 
fracturing on lands managed by BLM to provide: 
a detailed description of the well stimulation 
engineering design, an estimate of the total amount 
of fluid to be used, the content of the fracturing 
fluid, the maximum injection pressure anticipated, 
and information about the anticipated volume and 
handling of the flowback.200 After completing a well, a 
federal lessee would have to supply the trade name and 
purpose of each additive, the precise CAS (Chemical 
Abstracts Service) number for each chemical, and the 
percentage of each ingredient in the total volume of 
fracking fluids. 

BLM has stated that it is its intention “to implement 
on public lands whichever rules, state or Federal, are 
most protective of Federal lands and resources and 
the environment.” 201  Therefore, companies carrying 
out fracking on BLM lands in California would be 
required to meet these requirements, at minimum, in 
addition to other California-specific requirements. 

C. Several recent state bills would increase 
transparency or impose a moratorium

Nine bills addressing hydraulic fracturing have been 
introduced to the California Legislature for the 
current session as of March 24, 2013.

AB 7 (Wieckowski)202 calls for stronger oversight than 
DOGGR’s new “discussion draft regulations.” The bill 
would require DOGGR, in consultation with other 
state agencies, to adopt rules on hydraulic fracturing 
focused mostly on notice and disclosure. For example, 
it would require operators to provide written notice 
to DOGGR 30 days prior to commencing a hydraulic 
fracturing treatment on a well.  

SB 4 (Pavley)203 was recently amended to impose a 
de facto moratorium on hydraulic fracturing if state 
regulators do not complete a comprehensive study 
on the safety of fracturing by January 1, 2015. It 
would also require that DOGGR enter into formal 
agreements with the Department of Toxic Substances 
Control, the State Air Resources Board, and the 

State Water Resources Control Board, delineating 
respective authority, responsibility, and notification 
and reporting requirements associated with hydraulic 
fracturing. The bill would require DOGGR, starting 
on January 1, 2016, and continuing annually, to 
transmit to the Legislature and make available publicly 
a “comprehensive report on hydraulic fracturing in the 
exploration and production of oil and gas resources 
in the state,” to include aggregated data detailing the 
disposition of any produced water from wells that have 
undergone hydraulic fracturing, as well as the number 
of emergency responses to a spill or release.

SB 395 ( Jackson)204 would define produced water, 
including that from hydraulic fracturing operations, 
as a hazardous substance and require Department 
of Toxic Substances Control to develop regulations 
governing its handling and disposal. Currently, oil 
and gas waste has an exemption from designation as a 
hazardous waste under federal RCRA provisions.205

AB 982 (Williams)206 would require fracking 
operators to provide a groundwater monitoring plan to 
DOGGR and the appropriate regional water quality 
control board. The plan would include baseline data 
“sufficient to characterize the quality of the aquifer and 
identify the zone of influence of the proposed well,” 
and provide locations for monitoring wells to identify 
contamination during or after fracturing. 

AB 1301 (Bloom)207 would impose a moratorium on 
hydraulic fracturing in California until “the Legislature 
enacts subsequent legislation that determines whether 
and under what conditions hydraulic fracturing may 
be conducted while protecting the public health and 
safety and the natural resources of the state.”

In 2011, the California Legislature also considered 
several bills that would regulate hydraulic fracturing 
operations. AB 591 was similar to AB 7, and would 
have required operators to disclose all fracking 
activities and the contents of fracking fluids, subject 
to exemptions for proprietary or trade secret 
information.208 AB 972 would have imposed a 
moratorium on all fracking operations in the State 
pending adoption of new regulations developed by 
DOGGR.209 In August 2012, both bills failed to clear 
the Senate Appropriations Committee. 
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D. Recent lawsuits charge that DOGGR and 
BLM failed to appropriately consider risks

In October 2012, the Center For Biological Diversity, 
Earthworks, Environmental Working Group and 
the Sierra Club filed a lawsuit against DOGGR, 
charging that it failed to consider or evaluate the 
risks of fracking.210 The lawsuit challenges DOGGR’s 
alleged “pattern and practice of approving oil and gas 
wells without any mention, let alone evaluation or 
mitigation, of the environmental and public health 
impacts of oil and gas development, including the 
effects of hydraulic fracturing,” which they claim is a 
violation of the California Environmental Quality  
Act (CEQA).211  

According to the complaint, DOGGR’s approval of 
more than 38 projects for oil and gas wells since 2011 
has followed the issuance of either (1) a Notice of 
Exemption from the requirements of CEQA based 
on a categorical exemption for “Minor Alterations to 
Land”212 or for “Existing Facilities”213 or (2) a Negative 
Declaration or Mitigated Negative Declaration finding 
that such projects will not have a significant effect 
on the environment. Plaintiffs contend that these 
exemptions and negative declarations do not apply to 
fracking wells, and that the agency must prepare an 
EIR before approving such projects.214 

In response to a Public Records Act request, DOGGR 
sent Plaintiffs’ attorneys a letter stating that it 
“does not specifically track or monitor the practice 
of hydraulic fracturing, on a well-by-well basis or 
otherwise,” and that “oil and gas operators are not 
required to notify [DOGGR] of planned or projected 
hydraulic fracturing operations.”215

This lawsuit could have important implications  
for the applicability of CEQA to fracking activity  
in California. 

In December 2011, the Center for Biological Diversity 
and the Sierra Club filed a lawsuit against the BLM, 
regarding BLM’s decision to lease lands in California 
for oil and gas development.216 The lawsuit alleges 
violation of the National Environmental Policy Act 
(“NEPA”) and the Mineral Leasing Act of 1920 
(“MLA”). Plaintiffs claim that BLM relied upon 
an environmental assessment prepared pursuant to 
NEPA that failed to analyze many of the significant 
environmental effects of oil and gas development that 
could occur upon approximately 2,700 acres of land 
in Monterey and Fresno counties that BLM leased to 
private parties. Among other claims, plaintiffs allege 
that BLM failed to address the impacts to water 
quality and other resources that result from hydraulic 
fracturing. The case is still pending. 

This section presents our recommendations for near-
term regulatory and legislative actions to safeguard 
against the water-related risks posed by hydraulic 
fracturing in California. The section builds on the 
technical and regulatory review presented above, 
and also draws on the experiences of other states that 
have grappled with hydraulic fracturing. Much of the 
rapid growth in shale oil and gas production has taken 
place in other part of the United States, including the 
Barnett Shale formation in Texas, the Marcellus Shale 
in Pennsylvania, Ohio, New York and West Virginia, 

the Haynesville Shale in eastern Texas and Louisiana, 
and the Baaken shale in North Dakota. Many of these 
states have had active hydraulic fracturing operations 
for several decades. Consequently, they have addressed 
the regulation of fracking, including the regulation of 
fracking wastewater, in a more substantial manner than 
California has to date. The following sections highlight 
selected actions in other states where lessons may be 
useful for California decision-makers confronting 
similar issues. 

VI. Moving forward: recommendations  
for near-term actions 
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A. Improving notice and disclosure will help 
protect local communities risks

1. Transparency motivates improved 
outcomes

As detailed above, California’s current system of 
voluntarily reporting fracking activity to Frac Focus 
after the fact is inadequate. It is also considerably 
weaker than other state requirements. 

While new fracking techniques have unlocked new 
sources of energy, safety questions center on the 
hundreds of chemicals used, many of them known 
carcinogens. Notice of the contents of fracking 
fluids helps communities, regulators, and emergency 
responders be better prepared for potential spills 
or contamination events. Disclosure also allows the 
public to better assess the risks of transport and 
storage of fracking wastewater. 

Increased disclosure will also help determine 
responsibility and liability for any chemical 
contamination of underground water supplies or 
surface areas. In order to prove causation in a case 
claiming contamination from fracking activities, 
plaintiffs need to show that contaminants in question 
were not naturally present in groundwater.217 And in 
order to defend against such lawsuits, developers will 
need to show that the chemicals they used are not 
the source of contamination. Thus, baseline testing of 
water quality before fracking takes places, as well as 
full disclosure of fracking chemicals used, will assist all 
parties in determining liability. 

2. Other states have improved transparency 
in fracking operations

Advanced notice and disclosure laws at the state level 
vary widely, but examples of measures taken can be 
useful as conceptual guidelines.218 

Five states – including Montana and Wyoming – 
require pre-fracturing disclosure of all the chemicals 
that may be used in a fracking job. As of July 2012, 
seven states require that CAS numbers be disclosed 
for all additives used in fracking fluids, excepting 
trade secrets: Arkansas, Colorado, Montana, 
Ohio, Pennsylvania, Texas, and Wyoming.219 Two 

of these states, Montana and Wyoming, require 
the concentrations of all additives with their 
corresponding CAS numbers. Only a handful of states, 
including Wyoming, Colorado and West Virginia, 
require notice to landowners before fracking occurs on 
their property.220

Wyoming and Colorado’s experience is particularly 
instructive because both states have a significant 
amount of BLM-controlled land, and have also 
developed new state regulations for fracking in the last 
three years.221 Wyoming’s regulations are particularly 
strong as compared to other states, and might serve as 
a model or baseline for California’s new regulations. 
For example, Wyoming requires advanced public 
disclosure of the chemical additives, compounds and 
concentrations proposed to be mixed and injected 
prior to stimulation, including CAS numbers.222 
Wyoming’s Oil and Gas Commission catalogs these 
data while maintaining the confidentiality of any 
trade-secret protected information.223 The state also 
requires advance written notice to all property owners 
within 1/2 mile of a proposed fracking or injection 
well site.224 Since the new regulations took effect in 
2010, Wyoming regulators have seen no reduction 
in fracking activity in the state, but do report taking 
a few additional days, on average, to review permit 
applications before approving a well.225

Wyoming also requires that operators or service 
providers submit factual information to substantiate 
a claim that information should be kept confidential 
pursuant to trade secret law.226 It is reported that trade-
secret exemptions were claimed for more than five 
ingredients for every well in Texas, undermining a new 
Texas law’s purpose of informing people about fracking 
chemicals.227 This illustrates the need to have even 
trade secret-protected information disclosed to the 
state agency, as well as placing the burden on service 
providers to prove a claim of trade secret protection. 

Our specific recommendations below incorporate 
many of these measures to increase notice and 
disclosure. In most cases, our recommendations go 
beyond DOGGR’s proposed new requirements for 
advance notice.  
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3. Recommendations: DOGGR should 
increase notice and disclosure

Advance Notice 

•	 Operators should be required to provide 
DOGGR, SWRCB, and the appropriate Regional 
Water Quality Control Board at least 30 days 
advance notice of any hydraulic fracturing event. 
Such notice should include complete contact 
details, information on well construction and 
testing, reasonably anticipated fracturing fluid 
chemical composition, and planned disposition of 
waste products. 

•	 Physical copies of this advanced notice should be 
mailed to residents in potentially affected areas, as 
well as to water purveyors with water sources in 
these areas, at least 30 days before any fracturing 
event. In the short term, we recommend mailing 
all residents and property owners within a ½ mile 
radius of a fracking well.228 Similarly, DOGGR or 
operators should notify all water purveyors whose 
drinking water sources lie within this potentially 
affected area. DOGGR should then fund 
independent research based on peer-reviewed risk 
analysis and stakeholder input to determine a more 
reasonable distance to establish such notification, 
possibly related to a multiple of modeled fracture 
length. DOGGR’s new proposed regulations do 
not require notice to property owners.

•	 DOGGR should also provide 30 days advanced 
notice to the public before any fracturing or 
injection event. This notice should be posted on a 
publicly accessible and location-specific website. 
This advance notice should include the operator’s 
name, the well and location, well depth, the name of 
the geologic formation to be fractured, and details 
of well construction and well integrity testing. Also 
included should be what the operator reasonably 
anticipates as their list of chemicals to be used, the 
total volume of fluid to be used, and the planned 
disposition of the flowback and produced fluids. 
This notice should be followed by actual data after 
the fracturing event happens. This would go beyond 
DOGGR’s new proposed regulations.

•	 DOGGR should ensure that public notice 
of fracturing events is served using a unified, 
accessible online source that is properly archived. 
Accessibility should include geographically 
searchable data, a map interface, and the ability 
to download data in formats readily useable by 
researchers. If data are stored and accessed via a 
third party such as Frac Focus, DOGGR should 
securely archive the same data. 

•	 DOGGR should adopt a formal process by 
which concerned citizens can respond to planned 
fracking events in their communities. We 
recommend that the agency convene stakeholders 
to develop such a public process, which is also 
absent from DOGGR’s proposed regulations.

Public Records

•	 DOGGR should post permits and testing records 
for well drilling, casing and cementing on Frac 
Focus, or, if Frac Focus will not accommodate 
this additional information, in an accessible, 
location-specific database on the Department of 
Conservation website. Criteria for accessibility 
include the ability to search (according to 
geographic area, additive, CAS number, time 
period, and operator), aggregate, map, and export 
data in formats that enable independent analysis 
across all database fields.229

•	 Operators should be required to post fracturing 
fluid composition and disposition information 
within 60 days after hydraulic fracking. 230

•	 The State Legislature should require DOGGR to 
transmit and make available publicly an annual 
comprehensive report on hydraulic fracturing in 
the state, including (but not limited to) aggregated 
data on the disposition of any produced water, 
trade secret claims, and the number of emergency 
responses to a spill or release.231

Fracking Fluid and Trade Secrets 

•	 As set forth in its new proposed 
recommendations, DOGGR should require the 
holder of proprietary information to declare under 
penalty of perjury that the information withheld 
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is a trade secret.232 The agency should also require 
that operators submit factual information to 
substantiate a claim that information should be 
kept confidential. 

•	 If trade secret protection is warranted, the 
company should still be required to disclose trade 
secret information to DOGGR. 

•	 DOGGR should consider establishing a process 
for the public to challenge trade secret exemptions.

•	 Medical professionals should be able to obtain 
complete information on fracking fluid make-up, 
including trade secret-protected information, 
immediately in the case of an emergency. They 
should be able to obtain this information 
from both the regulatory agency and the 
company in order to avoid any delay.233 Further, 
DOGGR should adopt a broad definition of 
medical professionals that does not restrict 
out-of-state consulting professionals or medical 
researchers from accessing data, and remove draft 
provisions that could effectively prevent medical 
professionals from informing the public or 
conferring with colleagues.

•	 DOGGR and well operators should maintain 
a complete inventory of chemicals and other 
ingredients in fracking fluid at each site, available 
to emergency responders immediately, and to local 
governments at their request.234

•	 DOGGR should require that CAS numbers be 
disclosed for all additives used in fracking fluids, 
and that proposed and actual concentrations 
of all fracking fluid components be reported to 
DOGGR and online to Frac Focus or a state-run 
online database. 

Tracking Waste and Disposal

•	 DOGGR should require operators to monitor  
and report the type and amounts of waste 
generated, as well as the location and ultimate 
disposition of fracking fluids, flowback, and 
produced water,235 closely tying the fluids to 
responsible parties through their life cycle. 
The exact form of such monitoring should be 
determined in conjunction with a stakeholder 
process involving regulated parties.

•	 DOGGR should research methods for unique 
chemical labeling of injected fluids, including but 
not limited to fracking fluids, with the goal of 
certifying methods for labeling requirements. Such 
research should include convening stakeholders 
and scientists to assess practical methods to 
achieve tracking. 

•	 If tracer efficacy can be validated, DOGGR 
should consider requiring operators to label all 
injection fluids by assigning unique tracers to 
the fluid in any injection site (see Sidebar page 
36, “Tracers could increase accountability for 
operators”). Each fracking job in California could 
have its fluids chemically labeled with unique 
tracers using methods certified by the State, to aid 
identification, proper response, and accountability 
in the event of a release. This recommendation 
applies to both production and disposal wells.

•	 DOGGR should consider requiring long-term, 
well-specific bonds that are large enough to 
incentivize long-term safety and stewardship by 
operators. This recommendation also applies to 
both production and disposal wells.
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B. Better oversight can improve manage-
ment and disposal of oil and gas wastewater

As described above, there are three main options for 
management and disposal of flowback and produced 
water from fracking operations: disposal into injection 
wells; reuse and recycling; and treatment. Most 
produced water in California is disposed of through 
injection in Class II wells; as such, DOGGR and 
SWRCB should increase attention to this practice. 
In addition, reuse and recycling has the potential to 
reduce the need for injection disposal and conserve 
water. We provide recommendations for incentivizing 
reuse and recycling in this section. Finally, we 
recommend steps to reduce the risk of harmful  
impacts from improper treatment, surface storage,  
and illegal dumping.  

1. Regulators should safeguard against mis-
management of produced water by better  
regulating injection wells  

The primary risk from underground injection of 
produced water is casing and cementing failure, which 
can cause migration of fluid through well bores to 
drinking water aquifers. Abandoned wells pose similar 
risks, which, in principle, require caution about 
nearby groundwater quality in perpetuity. Finally, 
seismic events induced by fluid injection have been 
documented in other states, and demand serious 
consideration and study in California. 

a. Other states have improved regulation  
of  management and disposal of   
produced water 

In recent years, many states have strengthened 
regulations governing injection wells. New 
regulations include mandatory continuous 
mechanical integrity monitoring, automatic 
shut-off devices, disposal fees to fund regulatory 
oversight, mandatory waste tracking, and seismic 
risk management. 

Ohio tracks and monitors the activity of brine 
haulers and requires injection well owners to 
electronically transmit quarterly reports to the 
appropriate agency with information about 
each brine shipment they receive and process.242 
Since 2010, Ohio has charged a disposal a fee of 
five cents per barrel on Ohio brine, and twenty 
cents for waste originating out of state. Ohio 
collected $1.45 million for these fees in 2011, 
supporting the expansion of its oversight and 
regulatory programs.243 Ohio’s Senate Bill 315 
also mandated more stringent requirements for 
inspection of injection wells and continuous 
mechanical integrity monitoring. Ohio also 
adopted a process for citizens to report concerns 
to the agency before an underground injection 
event takes place.244

Tracers could increase accountability for operators 

Ensuring that injected fluids can be traced back to their source would increase accountability for underground  
migration, as well as spills and leaks. Operators would have a greater incentive to maximize the safety of their  
operations. Responsibility for cleanup and abatement236 could be more directly assessed. 
 ‘Tracers’, chemicals that can be mixed with a fluid and used to track its movement underground, are widely used in  
hydrologic studies and could be adapted to meet this need for hydraulic fracturing. The ideal tracer has specific 
chemical characteristics,237 and is uniquely identifiable. One promising set of tracers includes the benzoic acid family, 
which has been tested in fractured dolomite in New Mexico. These chemicals have the necessary chemical properties238 

and possibility for unique identification.239  Further, new methods are being developed by innovative startups, such as 
nanoparticles240 or inert DNA,241  which can uniquely mark a batch of fracking fluid. If their efficacy can be validated, 
these types of new technology may enable better short and long-term safety and accountability. 
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Due to controversy surrounding earthquakes 
found to be caused by injection wells, Ohio’s 
Division of Oil & Gas Resources Management 
recently proposed new Underground Injection 
Control rules to address seismic risk.245 The 
new guidelines require companies to submit 
more comprehensive seismic data and prohibit 
injection into the formation where previous 
earthquakes originated, near Youngstown.246 The 
proposed rules also require monitoring annulus 
pressure and automatic shut-off devices that 
terminate injection if the permitted maximum 
allowable injection pressure is exceeded.247

New Ohio regulations governing production 
wells also require well owners to “sample all 
water wells within three hundred feet of the 
proposed well location in urbanized areas prior 
to drilling.”248

Texas also recently strengthened its production 
and underground injection regulations. Texas 
is the nation’s number one oil and gas producer 
with more than 216,000 active wells, and more 
than 50,000 permitted oil and gas injection 
and disposal wells. In terms of production, 
several amendments to the Texas Administrative 
Code relate to drilling, casing, and cementing 
of wells. These include new requirements for 
isolating usable-quality water zones, potentially 
productive zones, and over-pressured zones 
in order to prevent contamination and the 
migration of fluids beyond well casing.249 

For Class II underground injection wells, the 
permitting process in Texas includes: notice 
to the public; hearing opportunities; a review 
of area geology; and required areas of review 
near the proposed wells to determine if there 
are other wells penetrating the same geologic 
horizon proposed for disposal.250 Any permit 
application may be protested by an affected party 
(those who must be notified, including surface 
owners, offset oil and gas well operators, and 
local governments if the is well within  
city limits), and a hearing will be conducted by 
the Texas Railroad Commission to evaluate  
protest issues.251

Texas also requires operators to monitor the 
injection pressure and injection rate of each 
disposal well on at least a monthly basis and 
report any significant pressure changes or other 
monitoring data indicating the presence of leaks 
in the well within 24 hours.252 

Tracking the state provisions described  
above, we recommend more transparency in 
DOGGR’s injection well permitting process, 
including opportunities for affected parties 
to comment on proposed injection wells, 
more inspection and monitoring, and more 
information on the relationship between 
injection wells in California and the potential 
for induced seismicity.

b. Proposed regulations do not go far 
enough to regulate injection events 

As described above in Section A. (DOGGR’s 
proposed new regulations would increase 
protections, but leave gaps), DOGGR has 
proposed to address hydraulic fracturing 
events with new regulations that are currently 
in “discussion draft” form. The proposed 
regulations touch on well evaluation, physical 
integrity testing, storage and handling. 

Our recommendations go a bit farther to 
protect underground drinking water from 
contamination and reduce risks from induced 
seismicity, particularly dangerous in California. 

c. Recommendations: DOGGR should 
better regulate injection well disposal

Underground Sources of Drinking Water 

•	 DOGGR should strengthen its water 
quality definition to match or exceed U.S. 
EPA’s. DOGGR should define USDWs 
according to EPA’s 10,000 ppm TDS 
standard, and also account for beneficial 
use designations accorded to small 
systems. USDWs should be protected 
using this standard from the permitting to 
abandonment phases of injection wells.253   
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•	 SWRCB and the Regional Boards should 
conduct long-term, coordinated monitoring 
of groundwater quality in various regions 
throughout the state to establish a scientific 
baseline for groundwater quality,254 starting 
with a peer reviewed plan detailing the 
parameters necessary to establish an 
appropriate baseline. 

•	 DOGGR and SWRCB should jointly 
explore the possibility for using idle wells, 
sealed above the production zone, as 
groundwater quality monitoring wells.

•	 Operators should be required to sample 
all water wells within ½ mile of the 
proposed wellhead, and submit the results 
to DOGGR and the appropriate Regional 
Board prior to commencing drilling. 
DOGGR may require modification of 
this distance if necessary to protect water 
supplies (see recommendation on page 
34, “Physical copies of this advanced 
notice…”).255

Well Integrity 

•	 DOGGR should require all operators to 
monitor pressure and well integrity during 
any injection event. 

•	 For injection wells, DOGGR should 
adopt EPA’s recommendations for more 
stringent well casing and cement integrity, 
as set forth in EPA’s review of DOGGR’s 
UIC program,256 including mechanical 
integrity testing for UIC wells. Such tests 
would include Radioactive Tracer Tests 
and Standard Annulus Pressure Tests where 
appropriate, conducted while DOGGR 
staff are present, and comprehensive annual 
reviews of active UIC wells.257 

•	 DOGGR should require continuous 
mechanical integrity monitoring or monthly 
mini-tests to demonstrate continuous 
mechanical integrity.258

•	 DOGGR staff should be required (not 
simply permitted, per current regulations) to 
witness mixing and pumping of cement for 
plug placement.259

•	 DOGGR should require monitoring 
annulus pressure and automatic shut-off 
devices that terminate injection if the 
permitted maximum allowable injection 
pressure is exceeded. 

Well Abandonment

DOGGR should develop and implement a 
well closure and post operational monitoring 
program, including the following actions:

•	 DOGGR should respond to and adopt 
EPA’s recommendations for improving 
its idle well planning and testing program 
for injection wells, and adapting those 
standards to production wells as applicable. 
In particular, standards should be made 
consistent across districts, and pressure 
testing, in addition to monitoring fluid 
levels, should be required in order to 
maintain well integrity. 

•	 Because an abandoned well is a potential 
hazard to USDWs forever, DOGGR 
and SWRCB should require long-term 
monitoring of USDWs near abandoned 
wells. 

•	 DOGGR should increase the bonds 
required of well operators to levels that 
incentivize proper decommissioning and 
long-term stewardship.260 

•	 DOGGR should disclose the location and 
status of all abandoned wells in a web-
accessible database. 
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Seismic Risk 

•	 The Department of Conservation should 
fund studies on seismic risk from hydraulic 
fracturing and injection wells in California 
to reduce uncertainties and guide 
refinement of regulations. These studies 
should define and map faults with risk for 
induced seismicity, and develop methods 
to determine safe distances from faults for 
fracturing and injection disposal, examining 
both risk at the surface, and risk of damage 
to well casing and cementing. 

•	 DOGGR should develop guidelines to 
define and map faults with risk for induced 
seismicity and develop safety factors for 
distance from fracturing based on this risk 
analysis. Injection should be prohibited near 
risky faults based on this analysis. 

•	 DOGGR should consider requiring 
companies to generate and submit 
comprehensive seismic data before any 
fracking or injection event. DOGGR may 
require additional tests or evaluations of any 
proposed injection well before issuing  
a permit. 

C. There is potential for greater reuse and 
minimization in California 

California could increase the sustainability of its oil 
and gas production by incentivizing or requiring the 
safe recycling and reuse of oil and gas production 
wastewater. Wise stewardship of water resources is 
particularly important as California adapts to climate 
change impacts such as longer and more severe 
droughts and rising temperatures. 

1. Improving reuse and minimization of 
fracking wastewater could have broad 
benefits

One way to reduce the amount of necessary 
wastewater management is to reduce the amount 
of wastewater that is produced by a well. Such 
minimization can occur through available technology 
may not yet be commonly used in California. Reuse 

also has the potential to reduce necessary water  
inputs and disposal requirements. Reuse opportunities 
vary greatly depending on produced water quality and 
local demands, and may need to be incentivized  
by regulators. 

2. Other states have incentivized the reuse 
and minimization of produced water 

Texas has increasingly incentivized the recycling of 
oil and gas wastewater through regulatory reform 
since 1992, when it established the voluntary 
Oil and Gas Waste Reduction and Minimization 
Program.261 This program provides guidance on source 
reduction and recycling concepts, cost effective and 
practical examples of source reduction and recycling 
opportunities, and information on how to develop an 
individualized waste minimization plan. 

In 2012, the Texas Railroad Commission (RRC) 
released several proposed amendments to the Texas 
Administrative Code relating to the recycling of 
produced water and flowback. The regulations are 
intended to encourage recycling and reusing produced 
water – particularly useful for a state susceptible 
to drought. The new Texas regulations also clarify 
appropriate uses for partially treated or fully treated 
recycled wastewater. 262 After partial treatment, oil 
and gas wastewater can be used as makeup water 
for a hydraulic fracturing fluid treatment, or other 
oilfield fluid to be used in the wellbore of an oil, gas, 
geothermal, or service well. After complete treatment 
to national drinking water standards established 
under the SDWA,263 an operator may use or dispose 
of the treated hydraulic fracturing flowback fluid in 
any manner other than discharge to surface water or 
irrigation of edible crops.264 

Texas also provides monetary incentives to recycle. 
Items specifically used to process, reuse, or recycle 
wastewater that will be used in hydraulic fracturing 
work performed at an oil or gas well are exempt from 
sales, excise, and use taxes.265 

Pennsylvania requires that operations with fracking 
wastewater develop a source reduction strategy 
and identify methods and procedures to maximize 
recycling and reuse of flowback or produced water.266 
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The Pennsylvania Department of Environmental 
Protection (PADEP) has issued a general permit for 
recycling fracking wastewater, intended to promote 
and monitor recycling.267 The permit requires 
weekly inspection of all processing and storage areas, 
physical requirements limiting proximity to wetlands, 
floodplains and dwellings, and a host of other 
requirements intended to both increase safety and 

facilitate recycling. The rule requires that processed 
wastewater meet set limits for TDS and other 
constituents, and requires permittees to send samples 
of processed water to PADEP regional facilities on a 
regular schedule.268 Finally, the new regulations require 
that any oil and gas wastewater having TDS of less 
than 30,000 mg/L cannot be discharged but must be 
recycled and reused. 

Resource recovery and beneficial use of produced water are potential  
sources of local water supply
Produced water is in some cases a potential source of freshwater.269  The 2.39 billion barrels of produced water270  
generated by California onshore oil and gas wells in 2010 amounts to about 300,000 acre-feet, approximately the 
amount of clean water used by 1.4 million Californians in one year for residential use, or enough to irrigate around 
87,000 acres of farmland at statewide average irrigation rates. Produced water could be considered not only as  
something to be disposed of, but rather, if it can be treated to appropriate standards, a valuable resource that can be 
recovered from the oil and gas waste stream.271

Cost estimates for reclaiming oilfield brine vary tremendously, but are often less than the cost of obtaining fresh  
water and disposal of produced water.272 The reuse of produced water from Chevron’s Kern River Oil Field by Cawelo 
Water District, for example, shows that economically viable solutions that develop such water supplies while reducing 
disposal costs for oil operations are possible.273  This field is exceptional for the relative quality of its produced water.274 
Even where water quality is sufficient,275  lack of familiarity with regulatory requirements for reuse as described below 
may discourage producers from pursuing beneficial reuse, even where it might be economically feasible. 

In at least one pilot project, the Placerita Oil Field in Southern California, produced water has been considered as a pos-
sible drinking water source.276 In such cases, the permitting would be guided by Department of Public Health (DPH), 
which has specifically addressed the possibility for produced water and recommended guidelines that include source 
assessment, quality testing, monitoring and treatment, risk assessment, and CEQA review.277 DPH notes that lower 
quality source waters should be used for nonconsumptive uses that pose lower health risk. Produced water quality must 
be evaluated carefully and aligned with appropriate uses only. Complete information on any fracking fluid chemicals 
must also be available in order to safely reuse produced water for any uses other than reuse in fracking.

Because the monetary value of water is less than that of oil, oil producers may not perceive the benefits possible from 
engaging with water wholesalers about such transactions without additional information and outreach. Similarly, oil 
producers may be wary of overcoming perceived regulatory barriers to recycling and selling this wastewater. Regu-
lations that encourage safe reuse and recycling could help increase the use of produced water as a water supply for 
California, although they must ensure appropriate water quality.

Texas Recycling Success
Some Texas companies have a strong track record of recycling and reusing fracking wastewater. For example, Fountain 
Quail Water Management of Jacksboro reuses approximately 80 percent of its returned fracture fluids. It uses on-site 
distilling in a mobile unit to apply heat that separates the brine from a larger volume of distilled water that is reused 
to fracture additional wells in the Barnett Shale. The fracture flowback fluid is stored in tanks on location and piped 
into treatment equipment, and natural gas produced on location is used to fire the distilling units. As of October 2010, 
Fountain Quail processed over 12.7 million barrels of returned fracture fluid to recover over 9.9 million barrels of 
reusable distilled water.278
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Because DOGGR’s proposed new regulations  
do not address recycling and reusing water, Texas  
and Pennsylvania’s regulations, among others, can  
be instructive in designing new regulations to  
facilitate safe recycling and reuse of produced water  
in California. 

3. Recommendations: DOGGR and  
SWRCB should improve regulations for  
reuse and minimization

Information 

•	 DOGGR, in collaboration with SWRCB, should 
develop a public information database that provides 
the location, quantity and quality of produced 
water sources. This, in conjunction with studies 
of the economics279 of treatment and use of 
produced water of varying qualities, would advance 
understanding and potential use of appropriately 
treated recycled water for beneficial uses. 

•	 DOGGR and SWRCB should collaborate with 
oil and gas industry groups to provide information 
to operators on reuse and minimization and 
encourage increased use of such practices. They 
should also engage with other potentially affected 
stakeholder groups such as water recycling 
interest groups280 and other groups intimately 
involved with beneficial use and management of 
groundwater resources.281  

Financial Incentives

•	 The California Legislature should consider 
whether to incentivize wastewater recycling 
through tax exemptions for items used specifically 
to process, reuse, and recycle wastewater used in 
hydraulic fracturing at an oil or gas well.

Permitting 

•	 DOGGR or industry groups should study 
the potential for benefits (and unintended 
consequences) from downhole separation devices282 
and closed loop systems that could be increasingly 
applied to wells in California.

•	 In order to streamline reuse and recycling, 
SWRCB should consider developing a general 
permit for recycling produced water to streamline 
beneficial reuse in appropriate cases.283

•	 As implemented in Pennsylvania, DOGGR 
should require fracking operators to develop a 
source reduction strategy that identifies methods 
and procedures to maximize recycling and reuse of 
flowback or produced water. 

•	 DOGGR should study or incentivize the  
use of more environmentally benign fracking 
fluids, including those that are not water-based. 
For example, deep Monterey formation wells 
might be effectively stimulated using supercritical 
CO2 instead of water.284 The goal would be  
to potentially reduce flowback or water- 
borne contaminants.

D. Treatment regulations can  
safeguard POTWs

1. Treatment regulations will fill a gap

Treatment of produced water to varying degrees is 
necessary in situations ranging from treatment before 
disposal in injection wells to treatment before release 
to POTWs. Treatment has received little attention in 
California to date, likely because disposal via injection 
is much more common. However, given an anticipated 
increase in fracking in the state, and consequent 
increase in the amount of wastewater produced, some 
careful attention to this issue is warranted. 

2. Other states have addressed treatment of 
produced water 

Pennsylvania’s early experience with treatment of 
produced water may be instructive to California 
regulators. As Pennsylvania experienced a shale gas 
boom from 2008 through 2010, total dissolved solids 
levels in major Pennsylvania watersheds increased 
significantly. In 2010, PADEP revised state regulations 
to authorize new or increased discharges of shale 
gas wastewater only from centralized treatment 
facilities (CWTs) that have no direct surface water 
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discharge.285 The regulations also tightened discharge 
limits for total dissolved solids, chlorides, barium and 
strontium.286 After persistent water quality concerns 
even after the new regulations were implemented, 
PADEP directly requested that the oil and gas 
industry stop sending oil and gas wastewater even 
to “grandfathered” existing POTWs.287 This led to 
a significant decrease in TDS levels in Pennsylvania 
from 2011 to 2012.288 

Many states, including Ohio, prohibit the discharge 
of flowback water to surface waters pursuant to state 
law.289 Ohio also bans the treatment and discharge 
of oil and gas wastewater through POTWs and 
CWTs.290 In part, this outright ban on treatment at 
POTWs and CWTs may be possible in Ohio but 
not in Pennsylvania due to their varying geography: 
Pennsylvania ships much of its fracking wastewater to 
Ohio for injection underground, as its own geography 
is not well suited for injection well disposal. 

Other states, such as Texas, allow the discharge of shale 
gas wastewater to POTWs.291 By a letter of request, a 
company may also apply to the Railroad Commission 
of Texas for a permit to discharge treated wastewater 
to inland waters or to the Gulf of Mexico, as long as 
the produced water complies with the Texas Water 
Surface Quality Standards.292 

Thus, in the absence of federal pretreatment 
standards, states are taking varied approaches to 
treatment and discharge of fracking wastewater. Our 
recommendations are designed to avoid the negative 
environmental effects experienced in states like 
Pennsylvania, and flag relevant issues for more  
careful attention.

3. Recommendations: California should 
evaluate and better regulate treatment  

•	 SWRCB should fund a scientific review of  
the risks to California water bodies from  
fracking wastewater.

•	 DOGGR regulations should explicitly prohibit 
direct discharge of flowback or produced water 
from oil and gas operations to POTWs until EPA 
issues pretreatment guidelines. 

•	 If SWRCB or the Department of Public Health 
choose to issue pretreatment requirements, 
regulations should require pretreatment before 
release to POTWs to numerical water quality 
standards that take into account the broad suite 
of potential contaminants present in fracking 
wastewater. Particular attention should be given 
to constituents that are known to pass through or 
interfere with treatment operations, and to those 
that are present in fracking fluid and produced 
water, but not targeted in standard monitoring. 

•	 If treatment increases in prevalence, treatment 
regulations should require permitees to send 
samples of processed water to SWRCB regional 
facilities on a regular schedule, and fund 
additional staff for testing and verification.

E. Surface storage and dumping pose risks

1. Surface storage and dumping  
deserve attention

Dumping and surface storage present risks to 
surface and groundwater, as evidenced by incidents 
in other states and in California (Section III). The 
absence of publicized dumping events in California 
does not verify that dumping has not happened or 
will not happen: monitoring and enforcement of 
disposal procedures are currently weak. The severity 
of potential human health and ecosystem impacts 
warrants greater attention. 

DOGGR’s new proposed regulations state that 
“[n]on-freshwater fluids associated with hydraulic 
fracturing shall not be stored in unlined sumps or pits.” 
Best practices (derived from hazardous waste storage) 
go farther, incorporating closed tanks with secondary 
impoundments to guard against leakage.293 

DOGGR’s discussion draft regulations would also 
allow operators to wait five days before reporting an 
unauthorized release of fracking fluid or wastewater 
– including spills onto land or into surface or 
groundwater.294 Such spills should be reported to the 
agency and to affected parties immediately. 
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2. Other states have addressed surface 
storage, and have witnessed cases of illegal  
dumping or disposal

Many states, including Wyoming and Ohio, have 
prohibited storage of fracking fluids and wastewater in 
unlined pits. In Wyoming, for example, storage must 
be in tanks or lined pits. The state must approve the 
construction of reserve pits and may require special 
precautions, including impermeable liners and/or 
membranes, monitoring systems, or closed systems, 
depending on proximity to water sources and other 
risk factors.295 

While reported cases of illegal disposal of fracking 
wastewater or illegal dumping are rare, there has 
been at least one reported case of illegal disposal into 
injection wells. The owner and operations manager of 
Texas Oil and Gathering were convicted of conspiring 
to dump illegal waste and violating the Safe Drinking 
Water Act, as they illegally disposed of hazardous 
chemicals from a petroleum refining plant into Class 
II wells, rather than into more stringently controlled 
Class I wells.296 And in Ohio, a fracking company 
was recently accused of illegally dumping fracking 
wastewater down a storm drain.297 Such incidents 
underscore the need for more agency personnel on  
the ground to conduct inspections and closely  
review documentation. 

3. Recommendations: Surface storage and 
illegal dumping should be addressed with  
specific regulations 

•	 DOGGR should ban the use of surface 
impoundments or sumps to store flowback and 
produced water, requiring closed tanks with 
secondary impoundments. 

•	 DOGGR should regularly inspect all processing 
and storage areas.

•	 DOGGR and SWRCB should deter illegal 
dumping by deploying additional staff to inspect 
well sites and enforce penalties. 

F. Diatomite fracking deserves  
regulatory attention

Diatomite areas carry unusual risks that differ from 
fracking in the deeper Monterey Formation (see 
Sidebar page 18, “Diatomite formations may have less 
natural protection for groundwater”). These risks have 
not been appropriately analyzed. Given geological 
information, fracking in diatomite is worthy of 
immediate and specific regulatory attention.  

•	 DOGGR should develop and enforce standards 
for increased monitoring of sub-surface oil flows 
in diatomite areas. Based on these data, DOGGR 
should fund a risk analysis study of the practice 
of fracking, steam flooding, and water flooding 
in shallow diatomite formations, including 
evaluation of the short- and long-term risks of  
the practice. 

•	 If monitoring data and analysis suggests that local 
risks may be present, DOGGR should consider 
a moratorium on activity in diatomite areas 
until producers can demonstrate that they have 
developed extraction techniques that safeguard 
water quality. 

•	 In the immediate term, DOGGR should fund an 
expert review of existing information on the risks 
from diatomite fracking, and consider whether 
and where interim measures are necessary. 

G. Additional technical research and synthe-
sis are necessary to fill information gaps

As the data reviewed in this document suggests, 
enough is known to implicate fracking as a potential 
risk to human and environmental health. However, 
many unknowns exist. Researchers lack data and 
analysis on key areas that bear on safety, in a rapidly 
changing landscape. Investing in basic data and analysis 
could help regulators gain better understanding of 
the risks involved, and reduce the current climate of 
regulatory uncertainty. 
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Additional Research

•	 Using proceeds from increased assessment fees, 
DOGGR should fund, through an independent 
mechanism such as the California Energy 
Commission’s Public Interest Energy Research 
program, peer-reviewed research on the 
environmental implications of fracking  
in California. 

•	 An analysis of environmental justice implications 
should be conducted to evaluate the distribution 
of impacts from projected fracking activity, and 
the mitigation of disproportionate impacts on 
marginalized groups. 

•	 To support greater understanding of California’s 
complex geology, data about geological strata 
revealed from well drilling records could be 
incorporated into public databases, with  
an appropriate delay to protect investment  
in exploration. 

•	 DOGGR should fund peer-reviewed economic 
analysis of scenarios for changes in regulation and 
revenue. Specific topics for inquiry would include 
analysis of the potential regulatory and tax burdens 
on the competitiveness of oil and gas production 
in California, and the potential for an increased 
revenue stream not only to support oil and gas 
regulation and enforcement activities, but also for 
other state spending purposes. 

H. Fracking activity could generate resources 
to enable more effective oversight

The California Legislature should consider funding 
this important research through severance taxes and 
designated fees for oil and gas production. California 
has among the lowest assessment rates in the country 
for natural gas, an order of magnitude lower on either 
a value percentage or volumetric basis than most other 

states,298 and is the only major oil-producing state with 
no severance tax on oil or gas.299

There is substantial room for increasing revenue 
necessary to implement regulatory improvements such 
as those described in this report, while still leaving gas 
and oil production tax-competitive with other states. 
For example, well permit fees in Pennsylvania allowed 
the state to hire thirty-seven oil and gas staff members 
and largely funded Pennsylvania’s Bureau of Oil and 
Gas Management. 300

Note that for most purposes, any additional “tax,” as 
defined by the California Constitution, would require 
a 2/3 vote of each house of the Legislature, or passage 
of a ballot initiative.301 Such taxes would include those 
funding activities in completely unrelated spheres 
such as education.302 In contrast, exactions funding a 
regulatory program are excluded303 from the definition 
of a tax, such as the assessments currently used to fund 
DOGGR activities. Funding for research would also 
be important to the regulatory activities surrounding 
oil and gas production, thus giving a “specific benefit 
conferred or privilege granted directly to the payor.”304 
Models exist for similar funding mechanisms for 
research, such as through California’s Electric Program 
Investment Charge.305 

Funding

•	 Increasing the severance tax on oil and gas 
in California could help fund more effective 
oversight, while maintaining profitable  
oil operations. 

•	 DOGGR should calculate its needs for greater 
enforcement, analysis and other programmatic 
growth based on the recommendations above and 
elsewhere. In conjunction with legislative activity 
where necessary, DOGGR should increase its 
severance taxes and assessment fees accordingly. 
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VII. Next steps and open issues  
While the focus of this report is on wastewater 
and potential water impacts in California, fracking 
presents other challenges306 that are beyond the scope 
of this report. The following important issues should 
be addressed in future work: 

•	 Water resource impacts resulting from increased 
demand or withdrawals of water for use in 
fracking fluid. Many states are considering 
legislation to require operators to report volume 
of water used and sources of water used in 
fracking operations.

•	 The greenhouse gas intensity of oil and natural 
gas could have global implications, and may 
be relevant to California’s efforts to reduce 
greenhouse gas emissions under AB 32.307 
Reports of considerable methane leakage308 
emerging in other states are alarming, as methane 
is a potent greenhouse gas, and the large amounts 
of produced water pumped from many mature 
oil fields in California increases the energy 
required for production of California oil.309 The 
California Air Resources Board and DOGGR 
need to decide how the greenhouse gas emissions 
from the hydraulic fracturing industry should be 
regulated, and if the Low Carbon Fuel Standard 
Program310 provides an appropriate framework 
under which to do so. 

•	 If methane leakage is common, it could challenge 
the potential for natural gas to serve as a “bridge 
fuel” to renewable energy sources. At minimum, 
new measures should be implemented to track 
and control methane leakage.311 

•	 Air emissions from all stages of the fracking 
process have impacts, including methane, volatile 
organic compounds (VOCs), and particulate 
matter from increased trucking and diesel 
emissions.312 

•	 Land use impacts from individual wells, and 
clusters of wells, can be substantial. For example, 
DOGGR should fund research to project of how 
well-pad scarring will manifest in California if 
exploration intensifies. 

•	 Other potential human health impacts to 
workers313 and the general public314 have only 
begun to be explored. 

These issues deserve more attention by researchers, 
regulators, policymakers and all stakeholders  
going forward. 
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The recommendations set forth this report are 
intended to shine a light on specific areas where 
additional studies, oversight, transparency, innovation, 
and enforcement can avoid potentially severe risks 
to our water supply and environment. DOGGR’s 
discussion draft regulations are an important step 
towards more environmental and public health 
protection, yet we believe the agency should go farther 
in order to properly manage fracking wastewater and 
risks to water supplies. 

Other states are ahead of California on the issue 
of hydraulic fracturing regulation. This presents 
California—often a leader on environmental 
issues—with an unusual opportunity to learn from 

the experience of other states, and move to set a 
higher bar for environmental stewardship. California 
policymakers and agencies, including DOGGR and 
SWRCB, should work to address the gaps in oversight 
described throughout this report. 

A decision to delay proper regulation risks ignoring 
important lessons learned in other states, where gaps in 
regulatory oversight enabled water quality problems, 
earthquakes, and more. In this case, a proactive stance 
is justified even with incomplete information because 
fracking and its attendant impacts cannot be undone. 
If wells and wastewater are mismanaged, the results 
can be expensive, harmful to human health and the 
environment, and potentially impossible to repair. 

VIII. Conclusion 
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