TROUBLED WATERS

Offshore Fracking’s Threat to California’s Ocean, Air and Seismic Stability
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alifornians recently discovered that oil companies
have fracked more than 200 offshore wells along
the state’s southern coast. Offshore fracking blasts

water and industrial chemicals into the seafloor at high
pressures to crack rocks and release oil and gas.

With little or no oversight from state and federal regulators,
the oil industry has fracked offshore wells near Huntington
Beach, Long Beach and Seal Beach, as well as in federal
waters in the Santa Barbara Channel.

To determine the risks of offshore fracking in California,
scientists with the Center for Biological Diversity analyzed
independent scientific evidence, including the 2014

report by California Council on Science and Technology;
published scientific studies; industry data; and state and
federal information.

This report analyzes the following dangers associated with
offshore fracking:

e Toxic fracking chemicals’ threats to California’s
marine life, including already threatened species
such as blue whales and sea otters,

e Health risks to coastal communities and climate
damage caused by hazardous air pollutants released
during offshore fracking,

e Increased earthquake risk linked to fracking and
the injection of fracking wastewater into disposal
wells, and

e Unique environmental concerns raised because
fracking in California occurs at shallower depths
and with higher concentrations of chemicals than in
other areas.

KEY FINDINGS

1. Toxic discharges: Oil platforms off California’s coast
are permitted to dump 9 billion gallons of wastewater,
including fracking chemicals, into the ocean each year.

2. Wildlife threats: At least 10 fracking chemicals
routinely used offshore in California could kill or harm

a broad variety of marine species, including sea otters,

fish and benthic invertebrates. Some chemicals used in
California fracking are acutely toxic to mammals, and
many others have not been evaluated for toxicity or effects
from acute and chronic exposure.

3. Hazardous air pollution: Fracking increases air
pollution and can expose coastal communities to air
pollutants that cause cancer and other illnesses. Most
offshore frack jobs have occurred within three miles of the
coast, near communities like Long Beach.

4. Earthquake risk: Injecting fracking wastewater
underground can induce earthquakes, and all of Southern
California’s offshore injection wells are within three miles
of an active fault.

These findings underscore the inherent risks of hydraulic
fracturing in fragile ocean ecosystems. This toxic practice
threatens to contaminate California’s air and ocean,
endanger marine wildlife and compromise the safety and
well-being of coastal communities. To protect public
health and the environment, California must halt offshore
fracking.

DETAILED ANALYSIS

1. Fracking chemicals are being dumped into
California’s coastal waters.

Half of the oil platforms in the Santa Barbara Channel
discharge all or a portion of their produced water,
including fracking chemicals, into the ocean.' The federal
government has given oil companies permission to dump
more than 9 billion gallons of wastewater a year into the
ocean off California’s coast. These coastal waters provide
key habitat for whales, sea otters, sea turtles and more than
500 fish species.

“Produced water” is fluid that comes to the surface once the
production of oil and gas has begun. It can contain fracking
chemicals in addition to substances mobilized from
underground such as arsenic, lead and naturally occurring
radioactive materials.

When wastewater is not dumped into the ocean, it is
reinjected into the seafloor or transported for onshore
underground injection. Even this disposal method can result
in leaks. For example, 30 percent of offshore oil wells in
the Gulf of Mexico experienced well casing damage in the
first five years after drilling, and damage increased over
time to 50 percent after 20 years.? Loss of well casing
integrity is one of the main pathways for contamination of
ground and surface waters.

Fracking may also raise the risk of well failure and
consequent oil or chemical spills. The independent
California Council on Science and Technology report found
that fracking increases the stress on wells because of high
pressures and horizontal drilling used in the practice.?

Fracking chemicals can enter the water through a number
of other pathways, including leaks and spills at wells,
platforms and pipelines, and during transportation of
chemicals to or from the well. Spill records from platforms
off California indicate that accidental spills of oil and other
hazardous substances into the marine environment occur



routinely during normal operations. The aging of offshore
infrastructure increases the risk of spills and leaks, which
will be exacerbated as fracking operations extend the
productive lifetime of wells, platforms and pipelines.*

California faces a unique, elevated risk of contamination
from fracking. Compared to other regions, fracking onshore
in California occurs at relatively shallow depths. The
California Council on Science and Technology warns that
this increases the potential for fractures to reach water
sources.’ Fracking can create artificial fractures up to 2,000
feet in height.

Such findings raise serious questions about fracking
offshore in the same formation. While offshore
fracking may occur at deeper depths, it is critical

to consider whether artificial fractures could pose
an enhanced pollution threat to the state’s ocean by
creating pathways for fracking chemicals and other
contaminates.

2. Many fracking chemicals can harm or Kkill a broad
array of marine species.

As compared to fracking in other areas, oil companies

in California use fracking fluids with more concentrated
chemicals, including chemicals acutely toxic to
mammals.® The Center analyzed chemicals used in
California state waters in 19 fracking events reported
between 2011 and 2013. Scientific studies indicate that at
least 10 of the fracking chemicals routinely used during
these fracking events could kill or harm a broad variety
of marine species, including sea otters, fish and benthic
invertebrates.

Some of these chemicals can break down into nonylphenol,
a very toxic substance with a wide range of harmful effects
that include the development of intersex fish and altered sex
ratios at the population level. Nonylphenol can also inhibit
development, growth and survival of marine invertebrates.’
This chemical has also been shown to bioaccumulate, or
become dangerously concentrated, in sea otters, which are
already threatened in California.®

Phenol formaldehyde resins were also reported in all 19
fracking events studied. These resins are toxic and can
cause cancer and mutations. If released into the marine
environment, these pollutants have the potential to absorb
other chemical compounds such as nonylphenol, increasing
their toxicity to marine life.’

The following table summarizes the harmful effects
on marine species of 10 fracking chemicals used in 19
California offshore frack jobs analyzed by Center scientists.

] 10 Offshore Fracking Chemicals Hazardous to Marine Wildlife

Chemical Number of Known Toxic Effects on Marine Life
(CAS Identifier) Wells Used

(Out of 19)
Nonylphenol 16 Extremely toxic to aquatic organisms as

Ethoxylates an endocrine disruptor and inhibitor of
development, behavior, growth and

survival

Methylisothiazolinone | 19 Genotoxic, neurotoxic

Phenol 19 Mutagenic, acute toxicity, target organ
Formaldehyde toxicity and carcinogen hazards
Resins

Boron Compounds 19 Harms development, growth and

reproduction

Crystalline silica: 19 Reductions in species richness and

quartz (X-cide) biodiversity in benthic communities

Glyoxal 19 Genotoxic, reproductive toxicity,
degenerative effects on pancreas and
kidney toxicity to animals

Methanol 19 Negative effects on swimming behavior

Isotridecanol, 12 Very toxic to aquatic life, accumulation in

ethoxylated organisms possible

Monoethanolamine 4 Moderate ecotoxicity to aquatic

organisms

Alcohols, C12-14, 2
ethoxylated
propoxylated

Inherently toxic to aquatic organisms,
bioaccumulative

Because oil companies sometimes invoke trade secret
protections, the full list of chemicals used in offshore
fracking is not always available and could include even
more hazardous materials.

Previous research has reported that 40 percent of the
chemicals added to fracking fluids have been found to have
ecological effects, indicating that they can harm aquatic
animals and other wildlife.!” Furthermore, the toxicity of
fracking chemicals can increase when they are combined
with other chemicals and environmental stressors such

as climate change. For example, when combined with

other chemicals, some endocrine disruptors become more
dangerous and produce effects even when the chemicals are
below the threshold known to cause endocrine disruption.!

But overall, far too little is known about the toxicological
and ecological effects of many fracking chemicals. The
California Council on Science and Technology recently
noted that, “An evaluation of eco-toxicological effects,
including the potential impacts of these chemicals on
aquatic organisms is needed.”'?

Fracking chemicals raise grave ecological concerns because
the waters around California’s offshore oil platforms are
important for whales, seabirds, sea turtles and fish.

The Santa Barbara Channel, for example, hosts the world’s
densest summer seasonal congregation of endangered blue
whales. The Channel Islands support about half the global
population of ashy storm-petrels and western gulls, about
80 percent of the breeding population of Scripps’s murrelet,
and the only breeding populations of California brown
pelicans in the United States.




There is also designated critical habitat for black abalone
and leatherback sea turtles in the vicinity of California’s
offshore oil platforms.

These biologically sensitive and important habitat areas
could be significantly affected by water pollution associated
with fracking.

3. Offshore fracking threatens air quality.

Air pollution from fracking is now well documented," and
pollutants released during offshore fracking pose serious
heath risks, including carcinogenicity and endocrine
disruption.'* Most offshore fracking in California has
occurred near coastal communities, including Long Beach,
which has some of the worst air quality in the nation.

Volatile organic compounds (VOCs) emitted during
offshore fracking include the “BTEX compounds” —
benzene, toluene, ethyl benzene and xylene — which
Congress has listed as Hazardous Air Pollutants.'> Many
of these VOCs are associated with serious short-term and
long-term effects to the respiratory, nervous or circulatory
systems.!'® Additionally, VOCs create ground-level ozone,
or smog, which can contribute to asthma,!” premature
death, stroke, heart attack and low birth weight.

Offshore fracking can also result in airborne crystalline
silica dust. While the most common exposure to silica dust
is in workers close to silica sand, there are also documented
cases of silica dust exposure and resultant harms in
neighboring communities.'® Silica quartz, commonly

used in offshore frack jobs, can create dangerous health
problems, including cancer and silicosis. "

Ambient air off the southern California coast includes
chemicals used in fracking, including benzene, a known
carcinogen.?® Fracking and drilling can emit benzene, which
raises troubling questions about how much these activities
are contributing to southern California’s air quality problems.

Offshore drilling has been found to account for the majority
of air pollution in other coastal areas: A 2004 inventory of air
pollution in the Gulf of Mexico found that Outer Continental
Shelf oil and gas activities accounted for 72 percent of
volatile organic compounds, 69 percent of particulate matter
emissions, and 66 percent of sulfur dioxide.?!

Exposure to ambient benzene has been documented in
people living within a 10-mile radius of fracked wells in
Colorado,? raising concerns about residents living within
10 miles of offshore oil and gas production rigs. More than
90 percent of offshore frack jobs have occurred within three
miles of the California coast.

On top of toxins released during fracking, vehicles used to
support offshore oil and gas operations such as helicopters,
boats and trucks emit their own pollution, most noticeably
in the form of PM, , from diesel engines.* Truck traffic is
already significantly impacting Port Hueneme, which is
the primary support facility for the offshore oil industry in
southern California and averaged 264 truck trips per day
between 2003 and 2007.2* Impacts on adjacent residential
neighborhoods such as noise, vibration and noxious fumes
increase with truck traffic.?

Finally, offshore fracking severely undermines Califor-
nia’s goal of leading the nation’s effort to combat climate
change. Offshore operations can result in both vented and
fugitive emissions — a very large proportion of which is
methane, a dangerous greenhouse gas that is 86 times more
powerful in warming the atmosphere than carbon dioxide
over a 20-year period and 34 times more powerful over a
100-year period.*

Vented and fugitive emissions are significant, accounting
for roughly 13 percent of all carbon dioxide equivalent
emitted by oil and gas operations in California, according
to state survey data.”’

4. Fracking and the disposal of fracking wastewater can
trigger earthquakes.

Fracking and other types of extreme oil extraction
(including gravel packing and acidization) create large
quantities of wastewater that are most commonly disposed
of through permanent injection into deep wells often near
the wellsite.”® Flowback volumes can range from hundreds
of thousands to millions of gallons per fracking event.?
Numerous studies have documented that underground
injection of oil and gas wastewater can induce large
earthquakes, including felt and damaging earthquakes of
magnitudes 4 and 5.%°

Wastewater injection has been scientifically linked to
earthquakes of magnitude 3 and greater in at least six
states: Oklahoma,?' Texas,*? Arkansas,* Colorado,** New
Mexico®® and Ohio.’® The largest of these was a magnitude
5.7 earthquake near Prague, Okla., outside of Oklahoma
City, which was the biggest in the state’s history. It
destroyed 14 homes, damaged a federal highway, injured
two people, and was felt in 17 states.?’

Most of California’s active oil and gas wastewater injection
wells are close to faults. A recent analysis showed that

over half of California’s 1,553 active and new wastewater
injection wells are within 10 miles of a recently active fault
(active in the past 200 years). At least 30 of California’s
offshore wastewater injection wells are located within three



Earthquake Risk: Faults and Wastewater Injection Wells On

Southern California Coast
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miles of a fault. Dozens more wastewater injection wells
line the southern California coast, often located close to one
or more faults.*

Fracking itself can also induce earthquakes. Fracking
intentionally cracks the shale rock around wells to

release oil and gas deposits and routinely produces small
carthquakes typically not felt at the surface.*® However,
several recent studies have reported that fracking has
induced felt earthquakes of magnitudes 2 and 3 in
Oklahoma,* Ohio,* British Columbia,* and the United
Kingdom,* including a magnitude 3.8 event.** Even when
fracking directly generates only small earthquakes, it could
contribute to increased stress in faults that leaves those
faults more susceptible to otherwise naturally triggered
earthquakes of a greater magnitude.*

CONCLUSION

Offshore fracking and similar methods of oil extraction
are inherently dangerous, posing unacceptable risks

to our fragile marine ecosystem, the health of coastal
communities, our climate, and California’s infrastructure
through increased earthquake risk. In light of the mounting
evidence of offshore fracking’s threats, California must
move quickly to end oil companies’ use of this toxic
technique.

For more information about offshore fracking, please contact
Miyoko Sakashita at miyoko@biologicaldiversity.org.



REFERENCES

' Environmental Protection Agency, Reissuance of National Pollutant Discharge Elimination System (NPDES) General Permit for
Offshore Oil and Gas Exploration, Development and Production Operations Off Southern California, 79 Fed. Reg. 1643 (Jan 23,
2014).

2 Vengosh, A. et al. 2014. A critical review of the risks to water resources from unconventional shale gas development and hydraulic
fracturing in the United States. Environmental Science & Technology 48:8334-8348; Davies, R.J. et al. 2014. Oil and gas wells and
their integrity: Implications for shale and unconventional resource exploitation. Marine and Petroleum Geology 56:239-254.

3 [CCST] California Council on Science and Technology. 2014. Advanced Well Stimulation Technologies in California: An Indepen-
dent Review of Scientific and Technical Information. August 28, 2014. Downloaded at http://ccst.us/publications/2014/2014wst.pdf.

* Muehlenbachs, L. et al. 2013. The impact of water depth on safety and environmental performance in offshore oil and gas produc-
tion. Energy Policy 55:699-705.

> CCST 2014 at 36.

¢ CCST 2014 at 25.

7 Diehl, J. et al. 2012. The distribution of 4-nonylphenol in marine organisms of North American Pacific Coast estuaries. Chemo-
sphere 87:490-497.

8 Diehl, J. et al. 2012.

® Mato, Y. et al. 2001. Plastic resin pellets as a transport medium for toxic chemicals in the marine environment. Environmental Sci-
ence & Technology 35:318-324.

10" Colborn, T. et al. 2011. Natural gas operations from a public health perspective. Human and Ecological Risk Assessment 17: 1039-
1056.

1" CCST 2014 at 194.

2. CCST 2014 at 193.

13 Colborn, T. et al. 2012. An exploratory study of air quality near natural gas operations. Human and Ecological Risk Assessment
20:86-105; McKenzie, L. et al. 2012. Human health risk assessment of air emissions from development of unconventional natural gas
resources. Sci Total Environ 424:79-87.

4 Colborn, T. et al. 2011; McKenzie, L. et al. 2014. Birth outcomes and maternal residential proximity to natural gas development

in rural Colorado. Environmental Health Perspectives, doi:10.1289/ehp.1306722; Food and Water Watch. 2012. Fracking: The New
Global Water Crisis, March 7, 2012, downloaded at http://www.foodandwaterwatch.org/reports/fracking-the-new-global-water-crisis-
europe/.

1542 U.S.C. § 7412(b).

16 Colborn, T. et al. 2011.

17" Jerrett, M. et al. 2009. Long-term ozone exposure and mortality. N Engl J Med 360:1085-1095.

8 Mayer, S. 2010. Industrial dust plagues northwest residents. Bakersfield Californian, 26 December 2010, downloaded at http://
www.bakersfieldcalifornian.com/local/x1335105124/Two-ordered-to-trial-in-bodybuilders-death; Bhaiga, L.J. 2012. Non-occupation-
al exposure to silica dust. Indian Journal of Occupational & Environmental Medicine 16:3; Schenker, M.B. et al. 2009. Pneumoco-
niosis from agricultural dust exposure among young California farmworkers. Environ. Health Perspectives 117:6; Saiyed, H.N. et al.
1991. Non-occupational pneumoconiosis at high altitude villages in central Ladakh. Br J Ind Med 48:825-829.

19 Wisconsin Department of Natural Resources. 2011. Report to Natural Resources Board: Silica Study; Raizner, J. 2013. Offshore
Fracking Injuries. Oil and Gas Monitor, 13 September 2013, downloaded at www.oilgasmonitor.com/offshore-fracking-injuries/5919/.
2 Gilman, J.B. et al. 2010. VOCs in the Greater Los Angeles Basin: Characterizing the gas-phase chemical evolution of air masses via
multi-platform measurements during CaNEX, downloaded at www.esrl.noaa.gov/csd/projects/calnex/meetings/datawkshpMay2011/
monday/Gilman.pdf.

21 Defenders of Wildlife. 2008. Outer Continental Shelf Drilling citing Wilson, D.L. et al. Gulfwide Emission Inventory Study for the
Regional Haze and Ozone Modeling Efforts: Final Report, OCS Study 2004-072, Prepared for Minerals Management Service, New
Orleans, LA. Morrisville, NC: ERG, Inc. 273 p (2004).

22 Reutman, S.R. et al. 2002. Evidence of reproductive endocrine effects in women with occupational fuel and solvent exposures. En-
viron Health Perspectives 110:805-811; McKenzie, L. et al. 2014.

2 Bay Area Air Quality Management District. 2012. Particulate Matter Overview (3 July 2014), downloaded at http://www.baagmd.
gov/Divisions/Planning-and-Research/Particulate-Matter.aspx; [EPA] U.S. Environmental Protection Agency. Diesel Boats and Ships.
3 July 2014, downloaded at http://www.epa.gov/otag/marine.htm; See also websites for helicopter companies that support offshore
oil and gas operations such as Arctic Air in Santa Barbara at http://www.arcticairservice.net/pages/oftshore.html or Island Express in
Long Beach at http://www.islandexpress.com/offshore.php?fromprogram=index.php&sequence=1&fromlink=headerlink.

24 IBI Group. 2008. Cities of Port Hueneme/Oxnard Truck Traffic Study. Southern California Association of Govenments.

% 1d.

2 Myhre, G. et al. 2013. Anthropogenic and Natural Radiative Forcing, in Climate Change 2013: The Physical Science Basis.



Contribution Of Working Group I To The Fifth Assessment Report Of The Intergovernmental Panel On Climate Change (IPCC).
Cambridge University Press. Table 8.7 at 714.

27 California Environmental Protection Agency. 2011. Air Resources Board, 2007 Oil and Gas Industry Survey Results, Final Report
at 20-1.

2 Cooley, H. and K. Donnelly. 2012. Hydraulic fracturing and water resources: separating the frack from the fiction. Pacific Institute,
Oakland, CA (June 2012); [USGAO] US Government Accountability Office. 2012. Information on the Quantity, Quality, and Manage-
ment of Water Produced During Oil and Gas Production. United States Government Accountability Office (January 2012).

2 USGAO 2012.

30 Ellsworth, W.L. 2013. Injection-induced earthquakes. Science 341:1225942.

31 Keranen, K.M. et al. 2013. Potentially induced earthquakes in Oklahoma, USA: links between wastewater injection and the 2011
M, 5.7 earthquake sequence. Geology 41:699-702; Sumy, D.F. et al. 2014. Observations of static Coulomb stress triggering of the No-
vember 2011 M5.7 Oklahoma earthquake sequence. Journal of Geophysical Research: Solid Earth 119, doi:10.1002/2013JB010612.
32 Brown, W.A. et al. 2012. The May 17th, 2012 M4.8 earthquake near Timpson, east Texas: Was it natural or was it induced?, Ab-
stract S531-06 presented at 2012 Fall Meeting, AGU, San Francisco, Calif., 3—7 Dec.; Brown, W.A. and C. Frohlich. 2013. Investigat-
ing the cause of the 17 May 2012 M 4.8 earthquake near Timpson, east Texas (abstr.). Seismol. Res. Lett. 84: 374; Frohlich, C. and
M. Brunt. 2013. Two-year survey of earthquakes and injection/production wells in the Eagle Ford Shale, Texas, prior to the M 4.8 20
October 2011 earthquake. Earth and Planetary Science Letters 379:56-63; Frohlich, C. et al. 2011. The Dallas— Fort Worth earthquake
sequence: October 2008 through May 2009. Bulletin of the Seismological Society of America 101:327-340.

33 Horton, S. 2012. Disposal of hydrofracking waste fluid by injection into subsurface aquifers triggers earthquake swarm in Central
Arkansas with potential for damaging earthquake. Seismological Research Letters 83:250-260; Llenos, A.L. and A.J. Michael. 2013.
Modeling earthquake rate changes in Oklahoma and Arkansas: possible signatures of induces seismicity. Bulletin of the Seismological
Society of America 103:2850-2861.

3% Rubinstein, J.L., et al. 2012. The 2001—present triggered seismicity sequence in the Raton Basin of southern Colorado/northern
New Mexico, Abstract S34A-02 presented at 2012 Fall Meeting, AGU, San Francisco, Calif., 3—7 Dec.

35 Rubinstein, J.L., et al. 2012.

3 Kim, W-Y. 2013. Induced Seismicity Associated with Fluid Injection into a Deep Well in Youngstown, Ohio, Journal of Geophysi-
cal Research: Solid Earth 118:3506-3518.

37 Keranen, K.M. et al. 2013.

3% Please see the interactive map of California injection wells and faults produced by FracTracker.org at http://maps.fractracker.org/lat
est/?webmap=99ae030fd5844eadb3d14398cbcedafbd

3 Ellsworth, W.L. 2013.

40 Holland, A.A. 2013. Earthquakes triggered by hydraulic fracturing in south-central Oklahoma. Bulletin of the Seismological Soci-
ety of America 103:1784-1792.

4 Dave, P. 2014. Ohio finds links between fracking and sudden burst of earthquakes. LA Times, 12 April 2014; Ohio Oil and Gas.
2014. Ohio announces tougher permit conditions for drilling activities near faults and areas of seismic activity, 11 April 2014.

4 BC Oil and Gas Commission. 2012. Investigation of observed seismicity in the Horn River Basin. BC Oil and Gas Commission,
Victoria, British Columbia, Canada,

4 Green, C.A. and P. Styles. 2012. Preese Hall shale gas fracturing: Review and recommendations for induced seismicity mitigation,
downloaded at www.gov.uk/government/uploads.

4 Ellsworth, W.L. 2013; Arbalaez, J. et al. 2014. On Shaky Ground: Fracking, Acidizing and Increased Earthquake Risk in California.
Report from Center for Biological Diversity, Earthworks, and Clean Water Action, downloaded at www.shakyground.org.

4 van der Elst, N.J. et al. 2013. Enhanced remote earthquake triggering at fluid-injection sites in the Midwestern United States. Sci-
ence 341:164-167.

Cover image by Berardo62 / Flickr CC BY-SA 2.0



