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Fracking Is An Extreme Method of Oil and Gas Extraction

During fracking, large volumes of water, sand, and toxic chemicals are blasted into the
earth at very high pressure to fracture rock formations and release oil and gas.

Fracking causes serious harms to our health, climate, and environment which led
California to ban this extreme extraction practice in 2024.

Extensive scientific research and evidence show:

e Toxic fracking chemicals contaminate our air and water.

e Living near fracking sites is linked to widespread, serious health harms.

e Fracking depletes scarce drinking and irrigation water supplies.

e Wildlife species are harmed by fracking-enabled habitat destruction, pollution, and
disturbance.

e Fracking worsens the climate crisis by releasing methane and enabling more
drilling.

e Fracking increases earthquake risks.

e Fracking is concentrated in disadvantaged communities.

Fracking in California is particularly inefficient because of the state’s complex geology.

As aresult, fracking was only happening at low levels before the fracking ban was
announced. The fracking ban will only make a tiny dent in state oil production (0.4 percent
peryear) and revenues.



Fracking Uses Toxic Chemicals

Fracking uses toxic chemicals that are harmful to our health. Many chemicals in fracking
fluid — such as lead, benzene, toluene, xylene, methanol, and sulfuric acid — are
associated with serious harms to our reproductive, developmental, respiratory,
neurological, and cardiovascular systems.' Known cancer-causing fracking chemicals
include benzene, formaldehyde, chromium, and arsenic.? The full extent of toxicity of
fracking fluid has been hidden by the oil and gas industry, which uses dubious “trade
secret” claims to withhold the identities of chemicals like biocides and corrosion
inhibitors that are likely to be toxic.?

Fracking Chemicals Contaminate Our Air and Water

Fracking chemicals pollute our air and water through multiple pathways. During fracking,
VOCs (volatile organic compounds) in fracking fluids like benzene and formaldehyde
escape into the air.* Fracking operations also release hazardous air pollutants like fine
particles, hydrogen sulfide gas, nitrogen oxides, and other chemical precursors of ground-
level ozone (smog), a strong respiratory irritant.®

Fracking chemicals injected underground return through the well to the surface in
wastewater, first as “flowback” fluids and later in vast amounts of “produced water.”
Produced water contains fracking chemicals along with toxic heavy metals (e.g., lead),
radioactive chemicals (e.g., uranium), BTEX chemicals (benzene, toluene, ethylbenzene,
xylene), and polycyclic aromatic hydrocarbons (PAHSs).® Fracking wastewater can pollute
the land through leaking wastewater storage pits and tanks, spills from tanker trucks and
pipelines, and illegal dumping. Fracking wastewater can pollute underground through
defective and deteriorating well casings, and the migration of chemicals from
underground fractures into groundwater.’

Fracking Harms Our Health

A robust body of scientific research has established that living near fracking sites can
pose wide-ranging harms to our health.® The closer people live to fracking wells, the
higher the exposure risk to toxic chemicals.® A 2023 science review of hundreds of studies
concluded that “[p]ublic health problems associated with fracking include prenatal harm,
respiratory impacts, cancer, heart disease, mental health problems, and premature
death.”™

Many studies have found that living near fracking operations is linked to a higher risk of
problems during pregnancy and health harms to newborns, including preterm births,
small-for-gestational-age births, low birth weights, and birth defects."" In California, a
2021 study of 979,961 births found that prenatal exposure to fracking (i.e., fracking within



one kilometer (0.6 miles) of maternal residence) was associated with increased
probability of low birth weight, preterm birth, and small-for-gestational-age birth."?

Fracking is linked to respiratory distress and disease. Living near fracking operations is
associated with increased asthma attacks and asthma-related hospitalizations, and
premature deaths linked to fine particulate pollution.™

Fracking is linked to cancer in children.' At least 20 fracking chemicals are associated
with leukemia or lymphoma.'™ A 2022 study found a two- to three-fold increase in
leukemia among children who lived near a fracking well while their mothers were pregnant
with them or during early life.’®

Living near fracking sites is associated with more hospitalizations due to heart diseases.’’
A study of more than 12,000 patients found that heart failure patients living near fracking
sites were significantly more likely to become hospitalized.

Fracking can harm mental health. Living near fracking sites is linked to chronic stress,
poor sleep, and self-reported depression.™

Fracking is linked to premature death. A 2022 study using data from more than 15 million
Medicare recipients found that elderly people living near or downwind of fracking
operations in all major U.S. fracking regions were at higher risk of early death compared
with elderly individuals who didn’t live near fracking operations.?°

Fracking Pollutes Our Water

Numerous studies show that fracking chemicals, and methane released by fracking, have
polluted surface water, groundwater, and drinking water, including in California.?' The oil
and gas industry’s track record of frequent wastewater spills provides pathways for
fracking chemicals to contaminate surface water.?? California is particularly susceptible
to groundwater contamination because of the industry’s “shallow fracking” practice and
injection of wastewater into protected aquifers.?

About three-quarters of fracking in California was “shallow fracking” done in wells less
than 2,000 feet (600 meters) deep,?* with some fractures as little as 650 feet deep.? In
California, shallow fracking operations had been permitted directly below drinking water
aquifers which has the “inherent risk” of contaminating drinking water.?®

Oil and gas companies frequently dispose of wastewater, including wastewater from
fracked wells, by injecting it into underground wells. Across California, billions of gallons
of wastewater were injected into aquifers that were supposed to be protected under
federal law.?” High levels of arsenic, thallium and nitrates — contaminants found in
fracking wastewater — have been detected in water-supply wells near these injection
operations.?®



Fracking Depletes Water Supplies

Fracking depletes water supplies in water-scarce regions. Fracking and fracking-enabled
oil extraction in California used up to 4 billion gallons of water each year, 99 percent of
which was freshwater,?® equivalent to the annual water use of 45,000 households.*°
Fracking had been concentrated in water-scarce, frequently drought-stricken regions of
the San Joaquin Valley, leaving less water for residents, agriculture and wildlife.

Fracking Puts Wildlife In Danger

Fracking-enabled oil and gas development harms wildlife.®' Habitat destruction and
fragmentation push imperiled species out of their homes. Chronic oil spills and
wastewater spills kill animals and plants and contaminate habitat,*? while uncovered
wastewater pits kill birds and other wildlife.?® Fracking-related development has been
documented to increase the spread of invasive species, lower stream flows and water
availability, and increase noise, light pollution, and vehicle traffic. Numerous studies show
that animal and plant species have suffered decreased health, reproduction, and survival
due to these impacts, which can lead to population declines and local extinctions.

In the San Joaquin Valley, about 150 endangered and sensitive species® had been at risk
from fracking-enabled extraction, including the San Joaquin kit fox, California condor,
blunt-nosed leopard lizard, giant kangaroo rat, California tiger salamander, California red-
legged frog, monarch butterfly, Temblor legless lizard, and steelhead salmon.* In Kern
County alone, fracking-enabled habitat loss and fragmentation has altered at least 13,400
hectares of natural habitat and 6,700 hectares of other land areas.* Native species like
San Joaquin kit foxes, burrowing owls, short-nosed kangaroo rats, and American badgers
have declined as oil development has increased.?®

Fracking Worsens Climate Change

Fracking operations are energy-intensive, emitting greenhouse gas pollution. Fracking-
enabled drilling can also release large amounts of methane — a climate super-pollutant
— through leakage from drilling infrastructure and operations.*® Even small amounts of
methane leakage can make the climate impacts of gas worse than coal.*®

Fracking also worsens climate change by expanding the areas where drillers can extract
oil and gas. In California, fracking operations were concentrated in oil fields with high
carbon-intensity crude, increasing the extraction of some of the world’s most climate-
damaging oil.*° Limiting global temperature rise as close to 1.5°C as possible — to avoid
catastrophic climate damages — requires an end to new fossil fuel extraction.*' Fracking
pushes us in the opposite direction, prolonging carbon intensive extraction in California
and opening up vast new deposits of fossil fuels nationally and internationally.
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Fracking Increases Earthquake Risks

Fracking increases earthquake risks in our earthquake-prone state since fluids driven
under high pressure have the potential to reactivate faults. As of 2025, researchers had
attributed 344 earthquakes to fracking in the U.S. alone.*? Fracking can trigger
earthquakes large enough to cause damage (i.e., with magnitude greater than 4),* and
large fracking-induced earthquakes up to magnitude 5.7 have been documented.**

Fracking can also trigger distant earthquakes up to 1.5 km from fracking sites.*® Studies
suggest there is no upper bound on the size of fracking-induced earthquakes.*®
Researchers have warned that fracking-induced earthquakes cannot be confidently
predicted in advance of operations and “[c]urrent risk-mitigation strategies...have not yet
proved reliable.”*

The underground injection of fracking wastewater can also induce earthquakes, including
large earthquakes documented up to magnitude 5.7, when injected fluids push faults past
their tipping points.“® In California, research linked oil and gas wastewater injection to an
earthquake swarm in the Tejon oil field near Bakersfield in 2005, including two magnitude
4.7 quakes that struck about five miles from the injection wells.*® In a separate study,
researchers identified at least three other cases in Kern County where oil and gas
wastewater injection was likely to have induced earthquakes.>°

Fracking Harms Disadvantaged Communities

Fracking in California was concentrated in areas that are designated as disadvantaged
communities. The census tracts in Kern County that had fracking have higher rates of
poverty and higher rates of water contamination than those without fracking, making
these communities disproportionately vulnerable.®

Fracking Is Particularly Inefficient in California

Fracking is inefficient in California primarily because of the state’s complex geology.>* The
Monterey Shale is jumbled and folded rather than flat and uniform like many other shale
formations, which makes horizontal drilling followed by fracking inefficient for extracting
oil and gas. Its high operational costs and low productivity appear to have greatly limited
the use of fracking in California prior to the ban.

Fracking was happening at low levels well before the fracking ban was announced.

Oil and gas companies did relatively little fracking in California even before the state in
2021 announced a plan to implement a fracking ban in 2024. Almost all fracking (95
percent) occurred in only 3 of California’s ~200 actively producing oilfields. From 2016
through 2019, the number of completed fracking permits ranged from only 147 to 201 per
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year.>® Fracking permits comprised only ~5 percent of the total drilling-related permits
issued by Californiain 2018 and 2019.°>*

The fracking ban will only make a tiny dent in state oil production and revenues.

The fracking ban is projected to cause a minor 4 percent decline in oil production over 10
years (~0.4 percent per year).%® State income tax revenue is projected to decrease by only
0.04 percent. Kern County — the county most affected by the ban —is projected to
experience a decline in property tax revenue of less than 1 percent.>®

Banning Fracking Has Enormous Benefits

Fracking causes serious harms to our health, air, water, wildlife, and climate.

The benefits of banning fracking in California are enormous: improved public health,
cleaner air and water, healthier wildlife, more drinking and irrigation water, lower
earthquake risks, a cleaner climate, and safer communities.

For more information, contact Shaye Wolf at Center for Biological Diversity:
swolf@biologicaldiversity.org

References

" Colborn, Theo et al., Natural gas operations from a public health perspective, 17 Human and Ecological
Risk Assessment 1039 (2012), https://doi.org/10.1080/10807039.2011.605662; Elliott, Elise G. etal. A
systematic evaluation of chemicals in hydraulic-fracturing fluids and wastewater for reproductive and
developmental toxicity, 27 Journal of Exposure Science and Environmental Epidemiology 90 (2016),
https://doi.org/10.1038/jes.2015.81; Chittick, Emily A. & Tanja Srebotnjak, An analysis of chemicals and
other constituents found in produced water from hydraulically fractured wells in California and the
challenges for wastewater management, 204 Journal of Environmental Management 502 (2017),
https://doi.org/10.1016/j.jenvman.2017.09.002; Elliott, Elise G. et al., Unconventional oil and gas
development and risk of childhood leukemia: Assessing the evidence, 576 Science of the Total Environment
138 (2017), http://dx.doi.org/10.1016/j.scitotenv.2016.10.072; Webb, Ellen et al., Neurodevelopmental and
neurological effects of chemicals associated with unconventional oil and natural gas operations and their
potential effects on infants and children, 33 Rev Environ Health 3 (2018), https://doi.org/10.1515/reveh-2017-
0008

2 Elliott, Elise G. et al., Unconventional oil and gas development and risk of childhood leukemia: Assessing
the evidence, 576 Science of the Total Environment 138 (2017),
http://dx.doi.org/10.1016/j.scitotenv.2016.10.072

3 Stringfellow, William et al., Identifying chemicals of concern in hydraulic fracturing fluids used for oil
production, 220 Envtl Pollution 413 (2017), https://doi.org/10.1016/j.envpol.2016.09.082; Underhill, Vivian et
al., Increases in trade secret designations in hydraulic fracturing fluids and their potential implications for




environmental health and water quality, 351 Journal of Environmental Management 119611(2024),
https://doi.org/10.1016/j.jenvman.2023.119611

4 McPherson, Kristi et al., Air pollution from unconventional oil and gas development, 338 Atmospheric Envt
120812 (2024), https://doi.org/10.1016/j.atmosenv.2024.120812

5 Shonkoff S.B. et al., Environmental public health dimensions of shale and tight gas development, 122
Environ Health Perspect 787 (2014), http://dx.doi.org/10.1289/ehp.1307866

8 Chittick, Emily A. & Tanja Srebotnjak, An analysis of chemicals and other constituents found in produced
water from hydraulically fractured wells in California and the challenges for wastewater management, 204
Journal of Environmental Management 502 (2017), https://doi.org/10.1016/j.jenvman.2017.09.002

7 Elliott, Elise G. et al. A systematic evaluation of chemicals in hydraulic-fracturing fluids and wastewater for
reproductive and developmental toxicity, 27 Journal of Exposure Science and Environmental Epidemiology
90 (2016), https://doi.org/10.1038/jes.2015.81

8 Shonkoff, Seth B.C. et al., Public Health Dimensions of Upstream Oil and Gas Development in California:
Scientific Analysis and Synthesis to Inform Science-Policy Decision Making (2024),
https://www.conservation.ca.gov/calgem/Documents/Public%20Health%20Panel%20Final%20Report_202
40621.pdf (hereafter “Shonkoff et al. 2024”)

® Shonkoff et al. 2024

9 Concerned Health Professionals of NY et al., Compendium of Scientific, Medical, and Media Findings
Demonstrating Risks and Harms of Fracking and Associated Gas and Oil Infrastructure, Ninth Edition
(October 2023), https://psr.org/resources/fracking-compendium-9/ at 61

"1 See studies cited in Shonkoff et al. 2024 at 3-17; see also Cao, Alan, Assessing impact of maternal
proximity to unconventional oil and gas wells on neonatal birthweight in Ohio: a retrospective cohort study
(2010-2017), Public Health Theses 2477 (2025), https://elischolar.library.yale.edu/ysphtdl/2477/

2Tran, K. V. et al., Residential proximity to hydraulically fractured oil and gas wells and adverse birth
outcomes in urban and rural communities in California (2006-2015), 5 Environmental Epidemiology 172
(2021), https://doi.org/10.1097%2FEE9.0000000000000172

'3 Rasmussen, S.G. et al., Association between unconventional natural gas development in the Marcellus
shale and asthma exacerbations, 176 JAMA Internal Medicine1334 (2016),
https://doi.org/10.1001/jamainternmed.2016.2436; Willis, M.D. et al., Unconventional natural gas
development and pediatric asthma hospitalizations in Pennsylvania,166 Environmental Research 402 (2018),
https://doi.org/10.1016/j.envres.2018.06.022; Zhang, Ruohao et al., Air quality impacts of shale gas
developmentin Pennsylvania,10 J Assoc Enviro Res Econom (2023), https://doi.org/10.1086/721430;
Buchanich, Jeanine. et al., Severe asthma exacerbations associated with unconventional natural gas
development activity in area of concentrated development, 62 Journal of Asthma 1418 (2025),
https://doi.org/10.1080/02770903.2025.2483000

4 Talbott, Evelyn O. et al., Cumulative exposure to unconventional natural gas development and risk of childhood
cancer: a registry-based case-control study, 22 Int. J. Environ. Res. Public Health 68 (2025),
https://doi.org/10.3390/ijerph22010068

S Elliott, Elise G. et al., Unconventional oil and gas development and risk of childhood leukemia: Assessing
the evidence, 576 Science of the Total Environment 138 (2017),
http://dx.doi.org/10.1016/j.scitotenv.2016.10.072

'8 Clark, Cassandra J. et al., Unconventional oil and gas development exposure and risk of childhood acute
lymphoblastic leukemia: a case—control study in Pennsylvania, 2009-2017, 130 Environmental Health
Perspectives 087001 (2022), https://doi.org/10.1289/EHP11092

7 Trickey, K.S. et al., Hospitalisations for cardiovascular and respiratory disease among older adults living
near unconventional natural gas development: A difference-in-differences analysis, 7 The Lancet Planetary
Health €187 (2023), https://doi.org/10.1016/52542-5196(23)00009-8




'8 McAlexander, Tara P. et al., Unconventional natural gas development and hospitalization for heart failure in
Pennsylvania, 76 Journal of the American College of Cardiology 2862 (2020),
https://doi.org/10.1016/j.jacc.2020.10.023

% Fisher, M.P. et al., Psychosocial implications of unconventional natural gas development: Quality of life in
Ohio’s Guernsey and Noble Counties, 55 Journal of Environmental Psychology 90-98 (2018),
https://doi.org/10.1016/j.jenvp.2017.12.008; Hirsch, Jameson K. et al., Psychosocial Impact of Fracking: a
Review of the Literature on the Mental Health Consequences of Hydraulic Fracturing, 16 IntJ Ment

Health Addiction 1 (2018), https://doi.org/10.1007/s11469-017-9792-5; Malin, Stephanie A., Depressed
democracy, environmental injustice: Exploring the negative mental health implications of

unconventional oil and gas production in the United States, 70 Energy Research & Social Science 101720
(2020), https://doi.org/10.1016/j.erss.2020.101720; Boslett, A. et al., Rural light pollution from shale gas
development and associated sleep and subjective well-being, 64 Resource and Energy Economics 101220
(2021), https://doi.org/10.1016/j.reseneeco.2021.101220

20 i, Longxiang et al., Exposure to Unconventional Oil and Gas Development and All-Cause Mortality in
Medicare Beneficiaries, 7 Nature Energy 177 (2022), https://doi.org/10.1038/s41560-021-00970-y

21 Osborn, S.G. et al., Methane contamination of drinking water accompanying gas-well drilling and hydraulic
fracturing, 108 PNAS 8172 (2011), https://doi.org/10.1073/pnas.1100682108; Gross, S.A. et al., Analysis of
BTEX groundwater concentrations from surface spills associated with hydraulic

fracturing operations, 63 J Air Waste Manage Assoc 424 (2013),
https://doi.org/10.1080/10962247.2012.759166; Jackson, R.B., et al. Increased stray gas abundance in a
subset of drinking water wells near Marcellus shale gas extraction, 110 PNAS 11250 (2013),
https://doi.org/10.1073/pnas.1221635110; Llewellyn, G.T. et al. Evaluating a groundwater supply
contamination incident attributed to Marcellus Shale gas development,112 PNAS 6325 (2015),
https://doi.org/10.1073/pnas.1420279112; Vengosh A et al., The effects of shale gas exploration and
hydraulic fracturing on the quality of water resources in the United States, 7 Procedia Earth Planet Sci 863
(2013), https://doi.org/10.1016/j.proeps.2013.03.213; Kassotis, C.D., et al,. Estrogen and androgen receptor
activities of hydraulic fracturing chemicals and surface and ground water in a drilling-dense region, 155
Endocrinology 897 (2014), https://doi.org/10.1210/en.2013-1697; Drollette, B.D. et al., Elevated levels of
diesel range organic compounds in groundwater near Marcellus gas operations are derived from surface
activities, 112 PNAS 13184 (2015), https://doi.org/10.1073/pnas.1511474112; DiGiulio, Dominic C. and
Robert B. Jackson, Impact to Underground Sources of Drinking Water and Domestic Wells from Production
Well Stimulation and Completion Practices in the Pavillion, Wyoming, Field, 50 Environmental Science &
Technology (2016), https://doi.org/10.1021/acs.est.5b04970; Hildenbrand, Zacariah L. et al. Temporal
variation in groundwater quality in the Permian Basin of Texas, a region of increasing unconventional oil and
gas development, 562 Science of The Total Environment 906 (2016),
https://doi.org/10.1016/].scitotenv.2016.04.144; Hill, Elaine L. and Lala Ma, Drinking water, fracking, and
infant health, 82 Journal of Health Economics 102595 (2022),
https://doi.org/10.1016/j.jhealeco.2022.102595; Shaheen, Samuel W. et al., Geochemical evidence of
potential groundwater contamination with human health risks where hydraulic fracturing overlaps with
extensive legacy hydrocarbon extraction, 56 Environmental Science and Technology 10010 (2022),
https://doi.org/10.1021/acs.est.2c00001; Dasari, Babu M. et al., Groundwater quality and its impact due to
hydraulic fracturing activities around oil and gas drilling sites: A comprehensive study on distribution,
correlation, ecological and health risk assessment of heavy metals, 28 Groundwater for Sustainable
Development 101395 (2025), https://doi.org/10.1016/j.gsd.2024.101395

22 California Council on Science and Technology, An Independent Scientific Assessment of Well Stimulation
in California, Volume Il Potential Environmental Impacts of Hydraulic Fracturing and Acid Stimulations
(2015), https://ccst.us/wp-content/uploads/160708-sb4-vol-ll-front-1.pdf (hereafter “CCST 2015”) at 127




23 Center for Biological Diversity, California Water Board Finds Oil-Industry Contaminants in Water Wells (Apr.
11, 2019), https://www.biologicaldiversity.org/news/press_releases/2019/oil-industry-pollution-04-11-
2019.php

24 CCST 2015 at 406

2 CCST 2015 at 121

26 CCST 2015 at 34, 406

27 Center for Biological Diversity, Documents Reveal Billions of Gallons of Qil Industry Wastewater lllegally
Injected into Central California Aquifers (October 14, 2014),
https://www.biologicaldiversity.org/news/press_releases/2014/fracking-10-06-2014.html; Sommer, Lauren,
How Much Drinking Water Has California Lost to Oil Industry Waste? No One Knows, KQED (Aug. 3, 2017),
https://www.kged.org/science/1914130/how-much-drinking-water-has-california-lost-to-oil-industry-
waste-no-one-knows; Bland, Alastair, Dirty Water: Wastewater Injection in the San Joaquin Valley Threatens
Farmland, Comstock’s Magazine (October 22, 2015), https://www.comstocksmag.com/web-only/dirty-
water; Wilson, Janet, Proposal Would Allow Oil

Companies Keep Injecting Wastewater into Kern County Aquifers, Water News Network (Aug. 19, 2019),
https://www.desertsun.com/story/news/environment/2019/08/20/california-oil-injection-wells-
aquifers-water-supplies-environment/1807384001; Bacher, Dan, California Regulators Continue to Allow Oil
Field Wastewater Injection into Protected Groundwater, Yubanet.com (Aug. 21, 2019),
https://yubanet.com/california/dan-bacher-california-regulators-continue-to-allow-oil-field-wastewater-
injection-into-protected-groundwater/

28 Center for Biological Diversity, Documents Reveal Billions of Gallons of Qil Industry Wastewater lllegally
Injected into Central California Aquifers (October 14, 2014),
https://www.biologicaldiversity.org/news/press_releases/2014/fracking-10-06-2014.html

29 CCST 2015 at 49; Fracking uses up to 1.2 million cubic meters of water (317 million gallons) each year, with
91% of that freshwater, while fracking-enabled extraction uses up to 14 million cubic meters (3.7 billion
gallons) of freshwater each year.

30 Estimated using the average per person water use in California of 85 gallons per day
(https://lao.ca.gov/Publications/Report/3611#) and average California household size of 2.84 people
(https://www.census.gov/quickfacts/fact/table/CA/PST045224)

31 CCST 2015 at 311-364; Souther, S. et al., Biotic impacts of energy development from shale: Research
priorities and knowledge gaps, 12 Frontiers in Ecology and the Environment 330 (2014),
https://doi.org/10.1890/130324; Brittingham, M.C., Ecological risks of shale oil and gas development to
wildlife, aquatic resources and their habitats, 48 Environmental Science and Technology 11034 (2014),
https://pubs.acs.org/doi/10.1021/es5020482

82 CCST 2015 at 127-128

33 CCST 2015 at 343

34 CCST 2015 at 314

35 CCST 2015 at 341

% CCST 2015 at 365

%7 Fiehler, C.M. & Cypher, B.L., Ecosystem Analysis of Qilfields in Western Kern County, California: Prepared
for the U.S. Bureau of Land Management, by the California State University, Stanislaus Endangered Species
Recovery Program (2011), https://esrp.csustan.edu/publications/pdf/esrp_2011_oilfieldeffects_blm.pdf;
Cypher, B.L., Quantity and distribution of suitable habitat for endangered San Joaquin kit foxes: conservation
implications, 16 Canid Biology and Conservation 25 (2013),
https://www.canids.org/CBC/16/san_joaquin_kit_fox_habitat_suitability.pdf; Fiehler, C.M. et al., Effects of oil
and gas development on vertebrate composition in the southern San Joaquin Valley, California, 9 Global
Ecology and Conservation 131 (2017), http://dx.doi.org/10.1016/j.gecco.2017.01.001




%8 Howarth, Robert, Methane emissions and climatic warming risk from hydraulic fracturing and shale gas
development: implications for policy, 3 Energy and Emission Control Technologies 45 (2015),
https://www.tandfonline.com/doi/full/10.2147/EECT.S615394#abstract; Burns, Diana and Emily Grubert,
Attribution of production-stage methane emissions to assess spatial variability in the climate intensity of
US natural gas consumption, 16 Environmental Research Letters 44059 (2021),
https://doi.org/10.1088/1748-9326/abef33

% Gordon, Deborah et al., Evaluating net life-cycle greenhouse gas emissions intensities from gas and coal at
varying methane leakage rates, 18 Environ. Res. Lett. (2023),
https://iopscience.iop.org/article/10.1088/1748-9326/ace3db

40 California Department of Conservation, Standardized Regulatory Impact Assessment, Well Stimulation
Treatment Permitting Phase-Out Regulations (Dec 2023) (hereafter “CDOC 2023”), at 43

41 Wolf, Shaye et al., Scientists’ warning on fossil fuels, 5 Oxford Open Climate Change kgaf011 (2025),
https://doi.org/10.1093/oxfclm/kgaf011

42 HiQuake: The human-induced earthquake database (2026), https://inducedearthquakes.org/

43 Atkinson, G.M. et al., Developments in understanding seismicity triggered by hydraulic fracturing, 1 Nature
Reviews Earth & Environment 264 (2020), https://doi.org/10.1038/s43017-020-0049-7

44 Schultz, Ryan et al., Hydraulic fracturing-induced seismicity, 58 Reviews of Geophysics e2019RG000695
(2020), https://doi.org/10.1029/2019RG000695

45 Schultz, Ryan et al., Hydraulic fracturing-induced seismicity, 58 Reviews of Geophysics e2019RG000695
(2020), https://doi.org/10.1029/2019RG000695

46 Atkinson, G.M. et al., Hydraulic fracturing and seismicity in the Western Canada Sedimentary Basin, 87
Seismological Research Letters May/June (2016), https://doi.org/10.1785/0220150263; Van der Elst, N.J. et
al., Induced earthquake magnitudes are as large as (statistically) expected, 121 J. Geophys. Res. Solid Earth
4575 (2016), https://doi.org/10.1002/2016JB012818

47 Atkinson, G.M. et al., Developments in understanding seismicity triggered by hydraulic fracturing, 1 Nature
Reviews Earth & Environment 264 (2020), https://doi.org/10.1038/s43017-020-0049-7

48 Ellsworth, W.L. Injection-Induced Earthquakes, 341 Science 1225942 (2013),
https://www.science.org/doi/10.1126/science.1225942; Keranen, Katie et al., Potentially induced
earthquakes in Oklahoma, USA: links between wastewater injection and the 2011 MW 5.7 earthquake
sequence, 41 Geology 699 (2013), https://doi.org/10.1130/G34045.1; Schultz, Ryan et al., Hydraulic
fracturing-induced seismicity, 58 Reviews of Geophysics e2019RG000695,
https://doi.org/10.1029/2019RG000695

4 Goebel, T.H.W., et al, Wastewater disposal and earthquake swarm activity at the southern end of the
Central Valley, California, 43 Geophysical Research Letters 6 (2016), https://doi.org/10.1002/2015GL066948
50 Goebel, T.H.W. et al., An objective method for the assessment of fluid injection-induced seismicity and
application to tectonically active regions in central California, 120 Journal of Geophysical Research Solid
Earth 7013 (2015), https://doi.org/10.1002/2015JB011895

51CDOC 2023 at 43

52 Carbon Tracker, There Will Be Blood: Decommissioning California’s Oilfields (2023),
https://carbontracker.org/reports/there-will-be-blood/; Redwater Insights, Running on Empty (2026),
https://www.redwaterinsights.org/research/running-on-empty

53 CalGEM Well Star, Well Stimulation, https://wellstar-
public.conservation.ca.gov/WellStimulation/WellStimulation/Index; 209 completed well stimulation permits
in 2018 and 196 completed well stimulation permits in 2019 as compared with 3,454 permits issued in 2018
and 4,958 permits issued in 2019 for new drills, reworks, sidetracks, and deepening according to CalGEM’s
WellStar Data Dashboard (https://wellstar-dashboard.conservation.ca.gov/)

541n 2018, California issued 3,454 drilling-related permits (new drill, rework, deepen, sidetrack) compared
with 209 completed fracking permits; in 2019 California issued 4,958 drilling-related permits compared with
196 completed fracking permits. Data from Well Star at https://wellstar-dashboard.conservation.ca.gov/
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