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Foreword to the Third Edition

The Compendium of Scientific, Medicahd Media Findings Demonstrating Risks and Harms of
Fracking (the Compendium) is a fullseferenced compilation of the evidermglining the risks

and harms of frackind3ringing together findings from the scientific and medical literature,
government ath industry reports, and journalistic investigatidns a public, operaccess
document that is housed on the welssiteConcerned Health Professionals of New York
(www.concernedhealthny.or@ndPhysicians for Social Responsibility\yw.psr.org.

Since its original release on July 9, 2014, by Concerned Health Professionals of New York, the
Compendiunmhas been used and referenced all over the wibihés beenndependently

translated into Spanish and adopted for use in the European Union, South Africa, the United
Kingdom, and Australia.

The release of the first edition of the Compendium coincided with a meteoric rise in the
publication of new scientific studiedbout the risks and impacts of frackimtgnce, a second
edition was released five months later, on December 11, 2014, and included dozens of new
investigative reports and juptblished research papers that furttiarified, corroboratd, and
explicatel therecurrentproblems data gapsand ongoing uncertainti¢lsat natural gaand oll
extraction via hydraulic fracturing brings with it.

Almost concurrently, on December 17, 2014, the New York State Department of Health (NYS
DOH) released its own lorgwaited review of the health impacts of fracking. This-p8ge
document served as the foundation for a statewide ban on high volume hydraulic fracturing,
announced by New York Governor Andrew Cuomo on the same day. The conclusions of the
NYS DOH public hedh review largely aligned with our own. In the words of New York State
Health Commissioner Dr. Howard Zucker:

[T]he overall weight of the evidence from the cumulative body of information contained
in this Public Health Review demonstrates that thereignéfisant uncertainties about

the kinds of adverse health outcomes that may be associated with HVHF [high volume
hydraulic fracturing], the likelihood of the occurrence of adverse health outcomes, and
the effectiveness of some of the mitigation measuresducing or preventing
environmental impacts which could adversely affect public héalflj t is clear from the
existing literature and experience that HVHF activity has resulted in environmental
impacts that are potentially adverse to public healthil e science provides sufficient
information to determine the level of risk to public health from HVHF and whether the
risks can be adequately managed, HVHF should not proceed in New York S¢ate.
footnote 282.)

This third edition of theCompendiumwhich was created as a joint effort with Physicians for
Social Responsibility, continues to exist in a moving stream of data. More than 100 new studies
on the impacts of fracking have appeared in the-pmaewed literature since public health


http://www.concernedhealthny.org/
http://www.psr.org/

concerns @ famously led to a ban dnigh volume frackingn New Yorkd and since the second
version of this document was released nine months ago.

Our knowledge base is very young. Htedy citation database maintainedRfyE Healthy

Energy shows thaiver halfof the available studies on thedverseampacts of shalend tightgas
development have been published since January 2014. In 2014, 198yweeed studies on

theseimpacts were published. In the first six months of 2015, 103 studies app@aedast

majority of these studieseveal problemsSpecificalyas demonstrated by PSES®
analysis 69 percent of original research studies on water quality found potential for, or actual
evidence of, water contaminatid8 percendf original research studies on air qualibyind

elevated air pollutant emissigrend 84 percent of original research studiebuman health

risks found signs of harm or indication of potential h&rm.

Since the release of our second edition, in additioniscstirge of peereviewed papers, four

multi-volume government reports on the impacts of fracking were issued in the United States:

one from the U.S. Environmental Protection Agency that focuses on water; two from California

that examine a wide array of pacts; and, from New York, the Department of Environmental
Conservationoés Fa& togkthenwith thefinahenveronmental intpdctestatement
onfracking i mpl ements New Yorko6s ban and incorporat
into a larger malysis of the environmental and economic impacts of fracking.

As a response to this proliferating evidence for the problems and harms of féaekigmented
by increasing concern about the many uncertainties remainiagous countriesstates and
municipalities have instituted bans and moratosidh manyprohibitionsannounced thigear.

Foll owing New Yorkds ban on high volume hydr a
became the first country in Great Britain to impose a formal moratoniufraoking, after an

expert panel concluded that matedyoff r acki ngés risks is needed.
2015 when its government declared a moratoriu

Canadian province of New Brunswick declared aatayium for similar reasoria March.In

May, the state of Maryland overwhelmingly passed aawda-half-year moratorium, largely

based on concerns about health impdntdune, citing concerns about noise impacts and the
industrialization of rural latlscape, the county of Lancashire in northwest England halted plans
for what would have been a major British fracking operatibe first and only two wells drilled
around Lancashire years previously had suffered well integrity failures and caused &aghqua

In July, the Dutch government banned all shale gas fracking for five years on the grounds that
Aresearch shows that there is uncertaintyo ab
the city of Denton, Texas in November, 2014 was invalidatedine 2015 by a new state law,
pushed by the oil and gas industry that reasserts state control over fracking and prohibits Texas
municipalities from passing local bahs.SeptemberNorthern Irelanédnd the Spanish region of
Castile La Mancha bothresunptively haltedfracking via panning policies.

" PSE Healthy Energy. http://www.psehealthyenergy.org/site/view/1180

™ Hays, J. and Shonkoff, S. B. C. (2015, June 16). Toward an understanding of the environmental and public health
impacts of shale gas development: an analysis of therp@iewed scientific literature, 2068015, PSE Healthy

Energy working paper, revisedine 2015. Retrieved from
http://www.psehealthyenergy.org/data/Database_Analysis_2015.6_.16 .pdf



Introduction

Over the past decade, directiodalling has beerwombined with higlvolume hydraulic

fracturing and clustered mulvell padsasnoveltechnologies for extractingisperseail and

natural gasprimarily from shaleformations As this unconventional extraction method
(collectively known as Afrackingo) has pushed
States, as fracking operations have increased in frequency and intemdjtyts théransport of

extracted materials has expandeagjgnificant body of evidence has emerged to demonstrate that
these activities are dangerous to people and their communitiesys that are difficut and

may prove impossibée to mitigate Risks includeearhquakes anddverse impacts on water, air,
agriculture, public health and safety, property values, climate stahilityeconomic vitality.

Researching these complex, laiggale industrialized activiti®sand the ancillary infrastructure

that supports #no takes time and has been hindered by institutional secrecy. Nonetheless,
research is gradually catching up to the | ast
extraction from shale. A growing body of peerviewed studies, accident reports, and

investigative articlehasdetaikdspecific, quantifiable evidence of harm and has revealed

fundamental problems with the entire life cycle of operations associated with unconventional

drilling and fracking. Industry studies as well as independent analydieatminherent

engineering problems including uncontrolled and unpredictable fracturing, induced seismicity,
extensive methane leakaged well casing and cement impairments that cannot be prevented

with currently available materials and technologies

Earlier scientific predictions and anecdotal evidence are now bolstered by empirical data,
confirming that the public health risks from unconventional gas and oil extraction are real, the
range of adverse impacts significant, and the negative economi@uenses considerable. Our
examination of the peeeviewed medical and public health literature uncovered no evidence
that fracking can be practiced in a manner that does not threaten human health.

Despite this emerging body of knowledge, industry secaadygovernment inaction continue to
thwart scientific inquiry, leaving many potential problérespecially cumulative, lontgrm

risksd unidentified, unmonitoredand largely unexplored. This problem is compounded by non
disclosure agreements, sealed coeecbrds, and legal settlements that prevent families and their
doctors from discussing injuri@gd illnessAs a result, nguantitative andomprehensive
inventory of human hazards yet exists.

The evidence to date indicates that fracking operationssge®ge threats to health, both from

water contamination and from air pollution.the United States, more than two billion gallons

of fluid are injectediaily under high pressure intbe earthwith the purpose oénabing oil and

gas extraction via fragkg or, after the fracking is finished, to fluste extracted wastewater

down any othe 187,570disposal wells across the country that accept oil and gas waste. All of
those two billion daily gallons of fluigs toxic, and it allpasses througbur nation 6 s

groundwater aquifers on its way to the deep geological strata ldleve it can demonstrably

raise the risk for earthquakés the air above drilling and fracking operations and their attendant
infrastructure, researchers have measured strikingltylbigels of toxic pollutants, including the
potent carcinogen benzene and the chemical precursors of smog. In some cases, concentrations
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of frackingrelated air pollution in communities where people live and work far exceed federal
safety standards. Reselarshows that air emissions from fracking can drift and pollute the air
hundreds of miles downwindVith more than 15 million Americans already living within a mile

of a fracking well that has been drilled since 2G0@J with more than 50,000 new wells

fractured per year over the past 15 years, the potential for exposure and accompanying adverse
impacts is significant.

About this Report

The Compendium is a fully referenced compilation of the significant body of scientific, medical
and journalistic findings demonstrating risks and harms of fracking. Organized to be accessible
to public officials, researchers, journalisaied the public at large, the Compendium succinctly
summarizes key studies and other findings relevant to tr@rangublic debate about
unconventional methods of oil and gas extraction. The Compendium should be used by readers
to grasp the scope of the information about both public health and safety concerns and the
economic realities of fracking that frame thesaaerns. The reader who wants to delve deeper
can consult the reviews, studies, and articles referenced. In addition, the Compendium is
complemented by a fully searchable, reanaustive citation database of pesviewed journal
articles pertaining to sthe gas and oil extraction, housed at the PSE Healthy Eseiytific
literature database

For thisthird edition of the Compendium, as before, we collected and compiled findings from

three sources: articles from paewriewed medical or scientific jonals; investigative reports by
journalists; and reports from or commissioned by government agencieseifeared articles

were identified through databases such as PubMed and Web of Science, awdnothe PSE

Health Energy database. We includedeevarticles when such reviews revealed new

understanding of the evidence. Our entries briefly describe studies that documented harm or risk
of harm associated with fracking, summarizing the principal findings. Entries do not include
detailed results or eritique of the strenggand weaknesses of each stugBlgcause much of

medi cinebs early understanding of new disease
correlations comes through assessment of case reports, we have included published case reports
and anecdotal reports when they are -da@sed and verifiable.

We also provided, within entries, references to articles appearing in the popular press that
described the findings of the corresponding pegrewed study. For this purpose, we sought out
articles in the popular literature that expertly and plainly reported on studies that were highly
technica) especially if those articlescluded comments by principal investigators on the
significance of their findings. In such cases, footnotes for therpeewed study and the
matching popular article appear together in one entry. We hope these tandem references will
make the findings more accessible to lay reademonyms are spelled out the first time they
appear in each section.

News articles appeiag as individual entries signify investigative reports by journalists
conducting original research. While advocacy organizations have compiled many useful reports

" PSE Healthy Energy. http://www.psehealthyenergy.org/site/view/1180



on the impacts of fracking, these generally do not appear in our Compehdeiaiso excluds
papers that focused purely on methodologies or instrument&tolsome sourcesross
referenced footnotes are provided, as when inatiging government reports or peeviewed
papers straddled two or more topics.

The pace at which new studies anadbmiation are emerging has rapidly accelerated in the past
year and a halin the first few months of 2014nore studiesverepublished on the health

effects of fracking tham 2011 and 2012 combinebhdeed, he number of peereviewed

publications douldd between 2011 and 2012 and then doubled again between 2012 and 2013.
More than80 percent of the available studies on the impacts of shale gas development have been
published since January 2013 and over 50 percent since January 2014. In 2014,-192 peer
reviewed studies on the impacts of fracking were published. In the first six months of 2015, 103
studies appearedn accordance, the Compendium is organized in reverse chronological order
within sectionswith the most recent information first.

In our revew of the dataseventeerwompelling themes emergedtiese serve as the

organizational structure of the Compendium. The document opens with sections on two of the
most acute threadsair pollution and water contaminati®rand ends with medical and scientifi
calls for more study and transparency. Readers will notice the ongoing upsurge in reported
problems and health impacts, making each secticheapy with recent data. The Compendium
focuses on topics most closely related to the public health and safetgts of unconventional

gas and oil drilling and fracking\dditional risks and harms arise from associated infrastructure
and industrial activities that necessarily accompany drilling and fracking operdti@se

include pipelines, compressor statipas trains, sand mining operations, cryogenic and
liquefaction facilities, processing and fractionation complexes, import/export terminals, and so
forth. A detailed accounting d@ll these ancillary impacis beyond the scope of thitocument

but, forthe first time, we have included in this edition a section on infrastructure that focuses on
compressor stations, pipelines, wastewater recycling facilities, and silica sand mining operations
as emerging issues of concern

Given the rapidly expanding body evidence related to the harms and risks of unconventional
oil and gas extraction, we plandontinue revisingnd updahg the Compendium

approximately every six months. It is a living document, housed oneghsites ofConcerned
Health Professionalsf New Yorkand Physicians for Social Responsibijlitshich serves as an
educational tool immportant ongoingpublic and policy dialogue The studies cited in thikird
edition are current througbuly 31, 2015.

The Compendium is not a funded projectyas written utilizing the benefit of the experience
and expertise of numerous health professionals and scientists who have been involved in this
issue for years.

" Hays, J. and Shonkoff, S. B. C. (2015, June 16). Toward an understanding of the eeniabamd public health
impacts of shale gas development: an analysis of therp@iewed scientific literature, 2068015, PSE Healthy
Energy working paper, revised June 2015. Retrieved from
http://www.psehealthyenergy.org/data/Database_Analysis_20156.6pdf
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About Concerned HealthProfessionals of New York

Concerned Health Professionals of New York (CHPNY) is an initiative by health professionals,
scientistsand medical organizations for raising sciebesed concerns about the impacts of
fracking on public health and safety. CHPNY provides educational resources and works to
ensure that careful consideration of the science and health impacts are at tbetfoféifre

fracking debatehttp://concernedhealthny.org
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About Physicians for Social Responsibility

Working for more than 50 years to create a healthy, just, and peaceful world for both present and
future genergons, Physicians for Social Responsibility (PSR) uses medical and public health
expertise to educate and advocate on urgent issues that threaten human health and survival, with
the goals of reversing the trajectory towards climate change, protectingtiegnd the

environment from toxic chemicals, and addressing the health consequences of fossil fuels. PSR
was founded by physicians concerned about nuclear weapons, and the abolition of nuclear
weapons remains part of its mission.
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Emerging Trends

1) Growing evidence shows thategulations are simply not capable of preventing harm.
Studiesrevealinherent problems in theatural gas extraction processch as well integrity
failurescaused by aging or the pressures of fracksgjf. Theseissuescan lead to

contamination, air pollution with carcinogens and other toxic chemicals, and a range of
environmental and other stressors wrought on commurBoese off ac ki ngdés many
component parés which include the subterraae geolgical landscape itsélf are simply not
controllable Compoundinghe problemthe number of wells and threattendant infrastructure
continue to proliferate, creating burgeoning cumulative impacts.

As reportedn studiespublished last March, the injectiaf extreme volumes of fluids now

typically three to five million gallons or more per weltreate significant deformations in the
shale that are translated upwards, a mile or
bul bso can i mipgeenways faultsandfisspresandhe overlying rock strata,

including strata that intersect fresh water aquifers. Such pressure waves may mobilize
contaminants left over from previous drilling and mining activities. (See footnotes 93 and 94.)

No set of rgulations can obviate these potential impacts to groundwater. Furthermore, in July,

the state of California determinéedh at f racki ng can have Asignific
on air quality, includingpy driving pollutantsabovelevels that violate aiquality standardgSee
footnote 2.) According to ttHEenwnthtie Yor k St at e
implementation of an extensive suite of mitigation measgutke significant adverse public

health and environmental impacts from allowing kigitumehydraulic fracturing to proceed

under any scenario cannot be adequately avoided or minimized to the maximum extent
practicablé . 6 ( See footnote 199.)

2) Fracking threatens drinking water. Cases of drinking water sources contaminated by

drilling and frackng activities as well amssociated waste disposale nowproven The U.S.
Environment al Pr o taescsteisassnmeMgte nocfy ofsr a(cEKAAM)g b6 s | mp
resourcegonfirmedspecific instances of water contamination caused by drilling ac#ifrg

related activitiesnd identified the various pathways by which this contamination has occurred
According to the EPA, documented cases of drinking water contamination have resulted from
spills of fracking fluid ad fracking wastewatedischarge ofracking waste into rivers and
streamsand underground migration of fracking chemicals|udinggas, into drinking water

wells. Independently, researchers working in Texas found 19 different fraokiaigd

contaminant® including cancercausing benzexd in hundreds of drinking water samples
collected from the aquifer above the heavily drilled Barnett Shale, thereby documenting
widespread water contamination. In Pennsylvania, a solvent used in fracking fluid was found in
drinking water wells near drillgpand fracking operations known to have well casing problems.

In California, state regulators admitted that they had mistakenly allowed oil companies to inject
drilling wastewater into aquifers containing clean, potable wgiee footnotes 2, 79, 81, and

83.)

3) Drilling and fracking emissions contribute totoxic air pollution and smog (groundlevel
ozone)at levelsknown to havehealth impacts.The New York State Department of
Environmental Conservation determined that fracking could increase ozondned@nwind
areas of the statpptentially impacting the ability to maintain air quality that mezisne



standards. (See footnote 199.) A@amn gas wells in rural Ohio had levels of polycyclic aromatic
hydrocarbons that surpassed those in downtown Chicago. They were also ten times higher than
the levels found in rural areas without fracking operations, raising the lifetime risk of cancer for
residents living near the well pads by 45 percent. (See footnote 8.) Two independent reports from
California determined that fracking occurs disproportionately in areas already suffering from
serious air quality problems and can drive ozone and other ligdegulated air pollutants to

levels that violate air quality standards. (See footnotes 1 and 2.) This increased air pollution and
smog formation poses a serious risk to all those already suffering from respiratory issues, such as
children with asthma//ith an average of 203 higbzone days a year, intensely fracked Kern

County, California, is the fiftmost ozongoolluted county in the nation, according to the

American Lung Association.

4) Public health problems associated with drilling and fracking including occupational

health and safety problemsare increasinglywell documented Among residents living near
drilling and fracking operationspdumented indicators variously include ieased rates of
hospitalization selfreported respiratorgroblemsand rashesmotor vehicldatalities, trauma,

drug abusgeand low birth weighamong infantsAs we go to press, a new study from Johns
Hopkins University finds a 40 percent increasehmrisk ofpreterm birth among infants born to
mothers who livaneaby active drilling and fracking sites ennsylvania.Among workers,

risks include both toxic exposures and acciddBgsizene has been detected in the urine of
wellpad workers in Colorado and Wyoming. The National Institute for Occupational Safety and
Hedth named oil and gas extraction industry workers among those at risk for silicosis, an
incurable lung disease caused by exposure to silica dust, from the silica sand that is used
extensively in fracking operations. Fatality rates among workers in taaadas extraction

sector in North Dakota were seven times the national fatality rates in this industry, which itself
has more deaths from fires and explosions than any other private industry. An increase in
workplace deaths has accompanied the frackimgrbio West Virginia. As we go to press, a

new census from the Bureau of Labor Statistics finds that the number of fatal work injuries in oil
and gas extraction industries rose 27 percent between 2013 and 2014.

5) Natural gas is a bigger threat to the climate than previouslpelieved Methane isamuch

more potent greenhouse gas than formerly appreci@tedintergovernmental Panel on Climate
Change now estimates that, over ay2@r time frame, methane can, pouadgound, trap 86

times more heat than carbon dioxideFurther,reatworld leakageates greatly exceed earlier
estimates. In the heavily drilled Barnett Shale of northeastern Texas, methane emissions were
shown to be 50 percent higher than the EPAdsitnated. Fracking operations and associated
infrastructure contribute 71 to 85 percent of the methane emissions in the region. Researchers
discovered that much of these emissions originated not from accidental leaks but from losses that

" Casey, J. A, Savitz, D. A., Rasmuss8nG., Ogburn, E. L., Pollak, J., Mercer, D. &.Schwartz, B. S. (2015).
Unconventional natural gas development and birth outcomes in Pennsylvanig;pl&&miology Advance online
publication. doi: 101097/EDE.0000000000000387

™ U.S. Department of Labor, Bureau of Labor Statistics (2015, September 17). National census of fatal occupational
injuries in 2014 (preliminary results). USB15-1789. Retrieved frorhttp://www.bls.gov/news.release/pdf/cfoifpd

*kk

IPCC. (2013. Climate Change 2013: The Physical Science Basis. Contribution of Working Group | to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change [StoékeD.TQin, G:K. Plattner, M.
Tignor, S.K. Allen, J.Boschung, A. Nauels, Y. Xia, V. Bex & PI. Midgley (eds.)]. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA. Retrieved from http://www.ipcc.ch/report/ar5/wg1/
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are inherent tohe design of the machinery or to normal operating use and are therefore not
possible to mitigate. Methane leakage at the levels now being documented (by multiple
approaches in measurement and modeling) negates and outweighs previously hypothesized
benefitsfrom burning methane instead of coal in most existing power plants. As we go to press,
a new study confirms that a commonly used instrument to quantify methane leakage has
unreliable sensors and malfunctions in ways that vastly underreport emissiontls/ dathree

to five. More than 40 percent of the compiled national methane inventory may be affected by this
measurement failure, according to the author of this S#this writing, the implications of

this discovery for our understanding of systemde methane leakage rates from drilling and
fracking operations are not known, but they do call into question the results of at least one major
study of methane emissions that relied on this device for collecting data.

6) Earthquakes are a consequence dfrilling and fracking -related activitiesin many

locations In thepast few months, sevemalajorstudies have confirmed a causal link between

the injection offracking wastewater in disposal wells and earthquake swaimesvidence is

strong enough thahe Oklahoma Supreme Court ruled unanimously in June that homeowners
can sue the oil and gas industry for injuries or property damage resulting from earthquakes. The
number of earthquakes of magnitude 3.0 or higher has skyrocketed in Oklahoma sincerthe adv
of the fracking boom, with fewer than two per year before 2009 and more than 1,100 predicted to
occur in 2015. (See footnote 321.) Evidence now also shows that the process of fracking itself
can trigger small earthquakes, as several confirmed ca€dsdnOklahoma, Texas, the United
Kingdom, and Canada demonstrgtee footnote 199.)

7) Fracking infrastructure posesseriouspotential exposurerisks to those living near it

Drilling and fracking activities are temporary operations, but compressor stations are semi
permanent facilities that pollute the air 24 hours a day as long as gas is flowing through the
pipeline. As documented by a Pennsylvania study published in Fel2QEsy dayto-day
emissions from compressor stations are highly episodic and can create periods of potentially
extreme exposuretSee footnote 515Ih the Upper Midwest, Wisconsin residents living near
silica sand mining operations that service the fragkndustry reported dust exposure and
respiratory problems. Silica dust is a known cause of silicosis and lung cancer.

In May 2015, the Medical Society tife State of New York passed a resolution recognizing the
potential health impacts of natural gas infrastructure and pledging support for a governmental
assessment of the health and environmental risks associated with natural gas pipelines. In June
2015, he American Medical Association (AMA) adopted a similar resolution that supports
legislation requiring all levels of government to seek a comprehensive Health Impact Assessment
regarding the health and environmental risks associated with natural gasgsip&B part of a

related resolution, the AMA also called for full disclosure of all chemicals used during fracking
operations.

8) Drilling and fracking activities can bring naturally occurring radioactive materials to

" Howard, T. (2015). University of Texas study underestimatesmatinethane emissions at natural gas production
sites due to instrument sensor faillE@ergy Science & Engineeringdvance online publication. doi:
10.1002/ese3.81. This is the second of two recent studies that finds that the primary tool apprevédyERA

for measuring and reporting emissions of methane fails to function properly when used as directed by the
manufacturer. See also footnditg3.
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the surface.Exposure to increaseddiation leveldrom these materials a riskbothfor

workers and for residents. In Pennsylvania, radon levels in homes have been rising since the
advent of the fracking boom, and buildings in heavily drilled areas have significantly higher

radon reading than areas without well paidls difference that did not exist before 2004.

University of lowa researchers documented a variety of radioactive substances including radium,
thorium, and uranium in fracking wastewater and determined that their radioactivégsed

over time; they warned that radioactivecay productsanpotentially contaminate recreational,
agricultural, and residentialareas The New Yor k State DECO6s Findi
naturally occurring radioactive materials (NORM) are lgiduo the surfacéin the cuttings,

flowback water and production bring[T]he buildup of NORM in pipes and equipment has the
potential to cause a significant adverse impact because it could expose workers handling pipes,

for cleaning or maintenance, increased radiationlevel® ( See f ootnote 199.)

9) The risks posed by fracking inCalifornia are unique. One in everyightAmericans lives

in California, and hydraulic fracturing in California is ptiaed differently than in other states,
making itsrisks different, as well. California is the only state that allows fracking waste to be

held in unlined, open pits, which creates risks for both air and groundwater contamination. Wells
are more likely to be vertical rather than horizontal, and theoothining shale is shallower.

Hence, much less water is used per well for fracking as compared to other states. However, the
fracking fluid used is much more chemically concentrated, the fracking zones are located closer
to overlying aquifers, and the risk @ fracture reaching groundwater is higher. Most new

fracking operations in California take place in areas with a long history of oil extraction, most
notably San Joaquin Valley within Kern County. A high density of old and abandoned wells in
that area mvides potential leakage pathways, should fractures intersect with them. And although
fracking requires considerably less water per well in California, it takes place disproportionately
in areas of severe water shortages and can compete with municipajrenudtural needs for
freshwater. (See footnote 74.)

Fracking in California is concentrated in two areas, both of which face unique potential risks to

human heal th. One, Kern County, serves as a t
the hghest density of drilling and fracking operations in the state. These factors project
frackingbébs i mpacts onto geographically distan

concentrated, the Los Angeles oil basin, is located directly under onermbgtgopulous cities

in the world. About 1.7 million people in Los Angeles live or work within one mile of an active
oil or gas well. California does not currently limit how close drilling and fracking operations can
be from residences or schools.

The reent admission by state regulators that companies had been wrongly allowed to inject
fracking waste directly into freshwater aquifers for years has led to the closing of many disposal
wells. The combination of ongoing drought and lack of disposal optiansekalted in the

diversion of fracking wastewater to farmers for irrigation of crops, raising concerns about
contaminated water potentially affecting food crops and draining into groundwater. Chevron
Corporation piped eight million gallons of treated kiag waste to farmers for crop irrigation

last year. Tests showed the presence of several volatile organic compounds, including acetone.
(See footnote 426.) Food is a very troubling possible exposure route to fracking chemicals about
which little is known(See footnotes 425827, 433, 43@138, 444447.)
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10) The economic instabilities of frackingfurther exacerbate public health risks. Reallife
chall enges to the industryés arguments that
apparent. Independeatonomic analyses show that the promise of job creation has been greatly
hyped with manyjobsgoingto outof-area workers. With the arrival of drilling and fracking
operations, communities have experienced steep increases in rates of crime, including sex
trafficking, sexual assault, drunk driving, drug abuse, and violent victimiZatdirof which

carry public health consequences, especially for women. Social costs include strain on law
enforcement, municipal servicemd road damage. Economic analysgehfound that drilling

and fracking threaten property values and can diminish tax revenues for local governments.
Additionally, drilling and fracking pose an inherent conflict with mortgages and property
insurance due to the hazardous materials usecharaksociated risks.

Theshaky economic fundamentals of the industry as a whole also have consequences for public
health and safetyl.he low price of oil and gas coupled with unexpectedly sihat well

production has led companies drilling sh@leedice the value of their assétg billions of

dollars, creating shortfalls that are largely filled through asset sales and increasing debt load.
Falling prices means that interest payments are consuming revenue of many smaller companies,
raising questionskeutsafetycutting measuresnflatedand unreliablestimates of shale

reserves and potential profitability continue to fuel the rush to drill new wells, cut regulatory
corners, and press into densely populated communiiness the fundamental economic

uncertainties of shale gas and oil production further exacerbate the risks of fracking to public
health and society.
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Compilation of Studies & Findings

Air pollution

Studies increasingly show that air pollution associated with drilling and frackingeaations is

a grave concern with a range of impacts. Researchers have documented dozens of air pollutants
from drilling and fracking operations that pose serious health hazards. Areas with substantial
drilling and fracking build-out show high levels of ane, striking declines in air quality, and,

in several cases, increased rates of health problems with known links to air pollution. Air
sampling surveys find exceedingly high concentrations of volatile organic compounds,
especially carcinogenic benzene afarmaldehyde, both at the wellhead and at distances that
exceed legal setback distances from wellhead to residence. In some cases, concentrations
exceeded federal safety standards by several orders of magnitude.

1 July 9, 2015 The California Council oscience and Technology, in collaboration with
the Lawrence Berkeley National Laboratory, released the second and third voluanes of
extensive, peereviewed assessment of fracking in California. Air quality impacts are the
focus of volume 2, chapter 3.fibhds that current inventory methods underestimate
methane and volatile organic chemiealissiongrom oil and gas operations and that
fracking occurs in areas of Califordianost notably in the San Joaquin and South Coast
air basind that already suffer from serious air quality problems. Further, no
experimental studies of air emissions from drillimgl dracking operations have ever
been conducted in California. Although California has wlelfeloped air quality
inventory methods, they are finot designed
directly, and it is not possible to determine well stimulagonissions from current
inventory methods. 0

1 July 1, 2015 In accordance with California Senate Bill No. 4, the California Division of
Oil, Gas, and Geothermal Resources released avbhesme environmental impact
report on oil and gas well stimulatibreatments in the state (which, in California, include
fracking along with acidizing and other unconventional extraction technologies that break
up oil- or gascontaining rock). The Division determined that fracking and related
operations caanthaaedfiesngwoifdabl ed0 i mpacts
increasing ozone and other federatgulated pollutants to levels that violate air quality
standards or that would make those violations woérse.

! Brandt, A., Millstein, D., Jin, L., & Englander, J. (2015, July 9). Air quality impacts from wedldition. In:
California Council on Science and Technology, Independent Scientific Assessment of Well Stimulation in
California, volume 2, chapter 3. Retrieved from http://ccst.us/publications/201bfebbapter3.pdf

2 California Department of Consetion, Division of Qil, Gas, and Geothermal Resources (2015, Julna)ysis
of Oil and Gas Well Stimulation Treatments in California, VolumBékrieved from
http://www.conservation.ca.gov/dog/SB4DEIR/Pages/SB4 DEIR_TOC.aspx

3 Cart. J. (2015, July 1). State issues toughestie-nation fracking rules.os Angeles TimeRetrieved from
http://www.latimes.com/local/lanowAme In-stateissuesfrackingrules201507031story.html
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1 April 21, 2015i In a study funded by thelectric power industrya research team found
that fracking had diminished air quality in rural areas downwind of gas sites in two
heavily drilled Pennsylvania counties but that concentrations of volatile organic
compounds were not as high as expecteddas results in other states. Methane levels
were higher than previous research had fdliflde extent to which the results can be
generalized to the Marcellus basin as a whible authors emphasizedmains
uncertairr

T April 15, 2015i In a review ofthe literature, Colorado researchers demonstrated that
four common chemical air pollutants from drilling and fracking operafidmenzene,
toluene, ethylbenzene, and xyldiBIEX)d are endocrine disruptors commonly found in
ambient air that have the ability interfere with human hormones at low exposure levels,
including at concentrations well below EPA recommended exposure lknitsng the
health conditions linked to ambient level exposures to the BTEX family of air pollutants:
sperm abnormalities, redutéetal growth, cardiovascular disease, respiratory
dysfunction, and asthnfdi Thi s revi ew suggests that BTEX
disrupting properties at low concentrations, presenting an important line of inquiry for
future research. BTEX are used glopatl consumer products, and are released from
motor vehicles and oil and natural gas operations that are increasingly in close proximity
to homes, schools, and other places of human activity.

1 March 26, 2015 Working with citizen volunteers, a team leg ®regon State
University researchers installed passive air samplers in the backyard properties of
residents living within three miles of fracking wells in rural Ohio. They found levels of
polycyclic aromatic hydrocarbons that surpassed those measumantodn Chicago,
were ten times higher than those found in other rural areas without fracking operations,
and exceeded the EPAOGS maxi mum acceptabl e
methodologies, researchers determined that the excess lifetioer dahk for residents
living nearest the wells was about 45 percent higher than for residents living farthest from
them and three times higher than?&%Pbbic EPAG s
health researcher David. CarpenterMD, at University of Albany, who was not part of

4 Phillips, S. (2015, May 19). Study: lower than expected air pollutants detected at Marcellus drillirtasites.
Impact PennsylvaniaRetiieved fromhttps://stateimpact.npr.org/pennsylvania/2015/05/19/stowber-than
expecteehir-pollutantsfrom-gasdrilling-sites/

5 Goetz, JD., Floerchinger, C., Fortner E.., Wormhoudt, J., Massoli, P., Knighton, B, . . . DeCarlo, P.F.
(2015) Atmospheric emission characterization of Marcellus Shale natural gas developmeBsitesimental
Science& Technology, 49701220. doi 10.1021/acs.est.5b00452

6 Bienkowski, B. (2015, April 15). Scientists warn of hormone impacts from benzene, xylene, other common
solvents Environmental Health NewRetrieved from
http://www.environmentalhealthnews.org/ehs/news/2015/apr/endatisngptionhormoneshenzenesolvents

" Bolden, A.L., Kwiatkowski, C.F., & Colborn, T. (2015). New look at BTEXre ambient levels a problem?
Environmental Scienc& Technology, 4%261-76.doi: 10.1021/es505316f

8 Paulik, L.B., Donald CE., Smith, BW., Tidwell, L. G., Hobbie, KA., Kind, L., Haynes, EN., & Anderson, K.
A. (2015, March 26). Impact of naturgds extraction on PAH levels in ambient &nvironmental Scienc&
Technology49,520310.

9 Hasemyer, D. (2015, May 20). New study finds fracking releases eaagsing chemicals into air many times
higher than the EPA considers sdfeside ClimateNews.Retrieved from
http://insideclimatenews.org/news/19052015/heafriigkedohio-countyunsafeleves-toxic-air-pollutants
fracking-naturatgasdrilling
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the research team, said the study supports growing evidence that fracking poses health
risks to those living near well pads.

1 March 26, 2015 Fracking can pollute air hundreds of miles downwind from the well
pad, according to the results of a study from University of Maryland. Researchers took
hourly measurements of ethane in the air over Maryland and the greater Washington, DC
area, where fracking does not occur, and compared them to ethane data from areas of
West Virginia, Pennsylvania, and Ohio where it does. They found rtoimtionth
correlations, indicating that the ethane pollution in the air over Maryland appears to be
coming from drilling and fracking operations in these other states. Ethane, a minor
component of natural gas, rose 30 percent in the air over the Baltimore and Washington
DC area since 2010, even as other air pollutants declined in concentration. By contrast,
no increase in ethane levels were found in Atlanta, Georgia, which iswotvited of
fracking operations® 12 Given tis evidence for widespread ethane leakagepthep e r 0 s
lead authoaskedhow much methane and other, more reactive emisgigist be
escaping fromwells n ot i msupstantialamourt af hydrocarborsse emitted aa
result of flowback procedusdollowing the fracturing proces$

1 March 3, 2015 Working in Washington Countyennsylvaniaresearchers with the
Southwest Pennsylvania Environmental Health Project developed an air exposure
screening model to deterneimmbient levels of volatile chemicals and fine particulate air
pollutants and to calculate expected human exposures femadth period. The study
found fluctuating periods of extreme exposures, especially at night when air was still.
AThe p e rfocoudanae ioftextrenee exposures is similar to the episodic nature of
the health complainteported in Washington County and in the literature. This study
demonstrates the need to determine the aggregate quantitative impact on health when
multiple facilities are placed near residences, schools, daycare centers and other locations
where people are present. It shows that understanding the influence of air stability and
wind direction is essential toYexposure as

1 February27, 2015 A team of researchers from University of Texas, funded in part by
the gas industry, examined ozone (smog) production resulting from natural gas extraction
and use in Texas. Previous research by this team had found that the increased use of

10| ockwood, D. (2015, April 8). Fracking activities pollute nearby air with carcinogenic hydrocaoemical &
Engineering NewsRetrieved fromhttp://cen.acs.org/articles/93/web/2015/04/Frackiugivities-Pollute Nearby
Air.html

1Vinciguerra, T. Yao, S., Dadzie, J., Chittmans, A., Deskins, T., Ehrman, S., & Dicker®®n(Z®15). Regional
air quality impacts of hydraulic fracturing and shale natural gas activities: evidence from ambient VOC
observationsAtmospheric Environment, 11044-50. doi: 10.1016/j.atmosenv.2015.03.056

12 yalentine, K. (2015, April 30). Fracking wells could pollute the air hundreds of miles &limateProgress
Retrieved fromhttp://thinkprogress.org/cliate/2015/04/30/3653252/frackirair-pollution-downwind/

13 Levine, F.& Tune, L. (2015, April 30). Emissions from natural gas wells may travel far downwind. University of
Maryland: UMD Right Now. Retrieved from http://www.umdrightnow.umd.edu/news/emisgiatsatgaswells-
may-travekfar-downwind

¥ Brown, D.R., Lewis, C., & Weinberger, B. (2015). Human exposure to unconventional natural gas
development: a public health demonstration of periodic high exposure to chemical mixtures in amiJieuntrezit.
of Environmental Science and Health, Part A: Toxic/Hazardous Substances and Environmental Engb®ering,
460-72. doi: 10.1080/10934529.2015.992663
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naturl gasfor generating electricity, as a replacement for coal, contributed to overall
reductions in daily maximum ozone concentrations in northeastern Texas. By contrast,
the results of this study found an increase in ozone in the Eagle Ford Shale atgh of s
Texas. The Eagle Ford Shale isnipd from both Austin and San Antont®dA potent
greenhouse gas, methane is also a precursor for gleugidbzone and hence a
contributor to smodormation.

1 January 16, 2016 Researchers from a number of univeesjtincluding the University
of New Hampshire and Appalachian State Universisgda source apportionment
model to estimate the contribution of natural gas extraction activities to overall air
pollution, including ozone, in heavily drilled southwest Pasivania. This regional air
sampling effort demonstrated significant changes in atmospheric chemistry from drilling
and fracking operations there. The researchers found that drilling and fracking operations
may affect compliance with ozone standafts.

1 November 20, 2014 The Texas Commission on Environmental Quatignfirmedhigh
levels of benzene emissions and other volatile organic compounds around an oil and gas
facility in the Eagle Ford Shal&ymptoms reported bptal residentsvere consistent
with those known to be associated with exposure to such chefficals

1 November 1420141 A University of Colorado at Boulder research team fotinad
residential areas in intensely drilled northeastern Colorado have high levels of fracking
related aimpollutants, including benzene. In some cases, concentrations exceed those
found in large urban centers and are within the range of exposures known to be linked to
chronic health effectA c c or di n g High ozohedeveistane d significéint health
concern, as are potential health impacts from chronic exposure to primary emissions of
nortmethane hydrocarboisSIMHC) for residents living near weltsThe study also
noted thatighter regulations have not resulted in lower air pollution levels v e nght h o
the volume of emissions per well may be decreasing, the rapid and continuing increase in
the number of wells may potentially negate any real improvements to the air quality
situdtion. o

1 October 30, 2014 A research team assembled by University aBAibinstitute for
Health and the Environment identified eight highly toxic chemicals in air samples
collected neafracking and associated infrastructgres across five states: Arkansas,

15 Pacsi, AP., Kimura, Y., McGaughey, G., McDonaRllller, E.C., & Allen, D.T., Regional ozone impacts

increased natural gas use in the Texas power sector and development in the Eagle Fdtd\@oaleental

Science& Technology49,396673. doi: 10.1021/es5055012

16 Swarthout, RF., Russo, R.S., Zhou, Y., Miller, B.M., Mitchell, B., Horsman,.E.,Sive, B.C. (2015). Impact of
Marcellus Shale natural gas development in southwest Pennsylvania on volatile organic compound emissions and
regional air qualityEnvironmental Scienc& Technology49,317584. doi: 10.1021/es504315f

17 Davis, B. (2014, Noember 20). TCEQ memo proves toxic chemicals are being released in the Eagle Ford Shale.
KENS 5 Eyewitness News. Retrieved Nov. 25, 2014 from http://www.kens5.com/story/news/investigations/i
team/2014/11/20/meeneoil-toxic-fumes/70020596/

¥ Thompson CR., Hueber J& Helmig D. (2014). Influence of oil and gas emissions on ambient atmospheric non
methane hydrocarbons in residential areas of Northeastern Col&tadwnta: Science of the Anthropocehejoi:
10.12952/journal.elementa.000035
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Colorado, Pensylvania, Ohio, and Wyomin@he most common airbogrchemicals

detected included two proven human carcinogens (benzene and formaldehyde) and two
potent neurotoxicants (hexane and hydrogen sulfide). In 29 out of 76 samples,
concentration$ar exceeded federal health and safety standards, sometimes by severa

orders of magnitude. Further, high levefgollutantswere detected at distances

exceeding legal setback distances from wellheads to homes. Highly elevated levels of
formaldehyde, for example, were found up to a-halé fromawellhead. In Arkansas,

seven air samples contained formaldehyde at levels up to 60 times the level known to

raise the risk forcancé?i Thi s i s a si gni fsaicleadauthggubl i ¢ he
David O. Carpenter, MD, in an accompanying interviB@ancer has a long latensg

youbre not seeing an elevation in cancer I
now, elevation in canc®r is almost certain

1 October 21, 2014 Responding to health concerns by local residents, a research team
from University of Gncinnati and Oegon State University found high levels of air
pollution in heavily drilled areas of rural Carroll County, Ohio. Air monitors showed 32
different hydrocarbotbased air pollutants, including the carcinogens naphthalene and
benzo[a]pyrenéd! The researchers plan additionabnitoring and analysis.

1 October 21, 2014 Using a mobile laboratory designed by the National Ocesardc
Atmospheric Administration (NOAA), eesearch tearftom the University of Colorado
at Boulder, the NOAA Earth SysteResearch Laboratory, and the Karlsruhe Institute of
Technologylooked at air pollutionfrond r i | | i ng and fracking oper
Basin The researchers found that drilling and fracléngt prodigious amounts of
volatile organic air pollutants, including benzene, toluene, and methane, all of which are
precursors for grountibvel ozone (smog). Multiple pieces of equipment on and off the
well pad,includingcondensate tanks, compressdefyydrators, and pumps, served as the
sources of these emissions. This research shows that drilling and fracking activities are
the cause of the extraordinarily high levels of winter smog in the remote UintaB basin
which regularly exceed air quality stamds.and rival that of downtown Los Angefés.

9 October 2, 2014 A joint investigation byinsideClimate Newand the Center for Public
Integrity found that toxic air emissions wafting from fracking waste pits in Texas are

¥ Macey, G.P., Breech, R., Chernaik, M., Cox, C., Larson, D., Thomask [Zarpenter, DO. (2014). Air
concentrations of volatile compounds near oil and gas production: a comsbasdg exploratory study.
Environmental Health, 1(82). doi: 10.1186/147669X-13-82

20 Neuhauser, A. (2014, October 30). Toxic chemicals, carcinogens skyrocket near frackihgSitbiews and
World Report Retrieved fromhttp://www.usnews.com/news/articles/2014/10/30/tehiemicalsandcarcinogens
skyrocketnearfrackingsitesstudysays

2 Environmental Health Sciences Center, Oregon State University. (20414)f 62 PAH analyzed in Carroll
County,OH. Retrieved fromhttp://ehsc.oregonstate.edu/air/62PAH

22WarnekeC., GeigerF., EdwardsP. M., Dube,W., PétronG., Kofler,J.,. . .Roberts,J.M. (2014). Volatile
organic compound emissions from the oil and natural gas industry in the Uintah Basin, Utah: oil and gas well pad
emissions compared to ambient air composithdmospheric Chemistry and Physics, 1897710988. doi:
10.519¢acpl4-109772014
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unmonitored and unregulated duddderal exemptions that classify oil and gas field
waste as nohazardoug?®

1 October 1, 2014 In a major paper published kature an international team led by the
National Oceanic and Atmospheric Administration demonstrated that exceptionally high
emissons of volatile organic compounds (VOCSs) explain how drilling and fracking
operations in Utahés Uintah Basin create e
absence of abundant ultraviolet light and water vapor, which are typically required to
producegroundlevel ozone (smog). Current air pollution trends in the United States are
toward lower nitrogen oxides from urban sources and power generation, but increasing
methane and VOCs from oil and gas extraction activities threaten to reverse decades of
progress in attaining cleaner air. According to the study, the consequences for public
health are fag$* yet unrecognized. 0

1 September 6, 2014 As part of a comparative lifecycle analysis, a British team from the
University of Manchester found that shale gesaeted via fracking in the United
Kingdom would generate more smog than any other energy source evaluated (coal,
conventional and liquefied gas, nuclear, wind, and solar). Leakage of vaporous organic
compounds during the necessary removal of hydrogéidesgjas, along with the venting
of gas both during drilling and during the process of making the well ready for
production, were major contributors. Aln <c
high [photochemical smog]. In the central case,\tasse than solar PV, offshore wind
and nuclear power by factors of 3, 26 and 45, respectively. Even in the best case, wind
and nucl ear power are stild!l pref®rable (by

1 September 201% ShaleTest Environmental Testingnducted ambient air quality tests
andgad i nder infrared video for several child
located in close proximity to shale gas development. The results showed a large number
of compounds detected above the Method Reppttimit (the minimum quantity of the
compound that can be confidently determined by the laboratory). Air sampling found
three known/suspected carcinogens, and a number of other compounds associated with
significant health effects. Benzene results fronmtor, Dish, and Fort Worth are
particularly alarming since they exceeded the {targh ambient air limits set by the
Texas Commission on Environmental Quality, and benzene is a known carcinogen.
ABenzene was found at éaThisispatitularty notewamtaymp | i ng
as benzene is a known carcinogen (based on evidence from studies in both people and lab

23 Hasemyer, D& Hirji, Z. (2014, October 2). Open piles offer cheap disposal for fracking sludge, but health
worries mount. InsideClimate News and the Center for Public Integrity. Retrieved from
http://www.publicintegrity.org/2014/10/02/15826/oppits-offer-cheapdisposalfracking-sludgehealthworries
mount

24Edwards, P. M., Brown, S. S., Roberts, J. Ahmadov, R., Banta, R. M., deGouw, J.A., . . Zamora, R. (2014).
High winter ozone pollution from carbonyl photolysis in an oil and gas bidsitre, 5147522), 351354. doi:
10.1038/nature13767

25 stamford, L.& Azapagic, A. (2014). Life cycle environmehimpacts of UK shale gag\pplied Energy134,
506-518.doi: 10.1016/j.apenergy.2014.08.063
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animals), AND because it excedtisvels above which effects have the potential to
occur] 6%°

1 August 24, 2014 A Salt Lake City Tribunevedgigation found that evaporation from 14
fracking waste pits in western Colorado ha
the last six years. Further, the company responsible operated with no permit,
underreported its emissions and provided fadiitia to regulators.

1 August 2014 A four-part investigation by th8an Antonio Expresdewsfound that
natural gas flaring in the Eagle Ford Shale in 2012 contributed more than 15,000 tons of
volatile organic compounds and other contaminants to tteé sguthern Texas which
is roughly equivalent to the pollution that would be released annually by six oil refineries.
No state or federal agency is tracking the emissions from individual #fares.

1 June 26, 2014 Public health professionals at tBeuthwesPennsylvania Environmental
Health Projecteported significant recurrent spikes in the amount of particulate matter in
the air inside of residential homes located near drilling and fracking operations. Captured
by indoor air monitors he spikes tend tocour at night when stable atmospheric
conditions hold particulate matter low to the groubdectorRaina Rippleemphasized
that spikes in airborne particulate matter are likely to cause acute health impacts in
communi ty me mb ®hasthe loBdeen effedislaegdo,i nig t o be, wed
c er t’A(Sea also footnote 281 for a related study onrsgibrted health effects by
researchers from Yale and University of Washington.)

1 May 8, 2014i Researchers at the National Oceanic and Atmospheric Astnation
(NOAA) foundhigh levels of methane leaks as well as benzene and-&moong
volatile organic compounds in the air over oil and gas drilling areas in Colorado.
Researchers found methane emissions three times higher than presstinsatecand
benzene and volatile organic compound levels seven times higher than eskiynated
government agencieshe Denver Poshoted that Colorad@ Front Range has failed to
meet federal ozone air quality standards for y&ars.

1 April 26, 20141 A Texas jury awarded a family $2.8 million becausecording to the
lawsuit,a fracking compangperating on property nearby héacteated aprivate
nuisancéby producing harmful air pollution and exposimgembers of the affected

26 ShaleTest Environmental Testing. (2014, September). Project playground: Cleaner air for active kids. Retrieved
from http://www.shaletest.org/wpontent/upload2014/09/ProjectPlaygoundPatagoniaRejaosit pdf

27 Maffly, B. (2014, August 24). Utah grapples with toxic water from oil and gas ind&styLake City Tribune
Retrieved from http://www.sltrib.com/sltrib/news/5829847@& daniskflats-pondscompany.html

28 Hiller, J. & Tedesco, J. (2014, August). Up in flames: Flare in Eagle Ford Shale wasting natualrgAstonio
Express NewdsRetrieved from: http://www.expressnews.com/business/eagleford/item/BlamesDay-1-Flares
in-EagleFord-Shale32626.php

29 McMahon, J. (2014, June 26). Adollution spikesin homesnearfrackingwells. Forbes Retrieved from
http://www.forbes.com/sites/jeffmcmahon/2014/06/26fmlution-spikesin-homesnearfracking-wells/

30 Finley, B. (2014, May 8). Scientists flying over I6@do oil boom find worse air pollutiohe Denver Post
Retrieved from http://www.denverpost.com/environment/ci_25719742/sciefiyisits-over-coloradeoil-boom
find-worse
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family] to harmful emssions of volatile organic compounds, toxic air pollutants and
diesel exhaust ©he familyés 1tyearold daughter became ikhnd family members
suffereda range of symptus, includingfinosebleeds, vision problems, nausea, rashes,
blood pressure issuéd: Because drilling did not occur on their property, the famély
initially been unaware that their symptoms were caused by acti@rbesdthem.

1 April 16, 20147 Reviewingthe peeireview literaturgo date offidirect pertinence to the
environmental puic health and environmental exposure pathwagd,).S. team of
researchersoncludedfia] number of studies suggest that shale gas development
contributes to levels of ambient air concentrations known to be associated with increased
risk of morbidity andnortality.0*2

April 11, 20141 A modelingstudy commissioned by the state of Tewaslestriking
projections about worsening air quality in the Eagle Ford SRaldings included the
possibility of a 28Jpercentncrease iremissions ofolatile organiccompounds (VO§).
Some VOCs cause respiratory and neurological probletners like benzeneare also
carcinogensAnother finding was that nitrogen oxidesvhich react with VOCs in
sunlight to create groudével ozone, the main component of s@dgcreasd 69
percent during the peak ozone seaSon.

1 March 29, 2014 Scientists wartthat current methods of collecting and analyzing
emissions data do not accurately assess health risks. Researchers Sikthineest
Pennsylvania Environmental Health Projsicowed that methods do restequately
measure thatensity,frequencyor durationsof community exposure to the toxic
chemicals routinely released from drilling and fracking activities. They found that
exposures may be underestimated by an order of todgnimixtures of chemicals are
not takesn into account, and local weather conditions and vulnerable populations are
ignored3*

T March27,2014Uni versity of Texas researache p®di nt e
in response to community health concemshale gas development areas. Dramatic
shortcomings in air pollution monitoring to date include no accounting for cumulative
toxic emissions or childrendés exposures du

31 Morris, J. (2014, April 26). Texas family plagued with ailments gets $3Mtiofliss-kind fracking judgment.

CNN Retrieved from http://www.cnn.com/2014/04/25/justice/tefeansily-wins-fracking-lawsuit/

32 Shonkoff, S. B., Hays, J., & Finkel, M. L. (2014). Environmental public health dimensions of shale and tight gas
developmentEnvironmental Health Perspectivel?2,787 795, doi: 10.1289/ehp.1307866

33 Morris, J., Song, L., & Hasemayer, D. (2014, April 11). Report: Air quality to worsen in Eagle FordT$tele.

Texas TribuneRetrieved from http://www.texastribune.org/2014/04/d@gartair-quality-worseneagleford-shale/
34Brown, D., Weinberger, B., Lewis, C., & Bonaparte, H. (2014). Understanding exposure from natural gas drilling
puts current air standards to the t&views on Environmental Heal®8(4), 27792. doi: 10.1515/revet?014

0002
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potential interactive effects of mixtures chemicalsChemical mixtures of concern
includebenzene, toluene, ethylbenzene, and xyléné%

T March13,2014Vol atil e organic compounds (VOCs) e
Uintah Basin | ed to 39 wi-hdurdationdl@&mhlsentdix c e e d i
Quality Standards evel f or ozone pollutants the prev
threshold areonsidered to be harmful to human health, and high levels of ozone are
known to causeespiratory distress and be responsible for amagtd 5,000 premature
deathsintheUS.pgrear , 0 according to researchers ai
observationsgireveal a strong causal link between oil and gas emissions, accumulation of
air toxics, and significant production of ozonehe aitmospheric surface layY.

Researchers estimated that total annual VOC emissions at the fracking sites are
equivalent to those of about 100 million c3fs.

T March3,20141 n a r e p or tthe sumantuaderstanding gf lodal and regional
air quality impacts of naturajas extraction, production,and use,a gr oup of r es
from NOAA, Stanford, Duke, and other institutions described what is known and
unknown with regard toieemissiongncludinggreenhouse gases, 0zone precursors
(volatile organic compounds amdtrogen oxides), air toxics, and particulat€systalline
silica was also discussed, including as a concern for people living near well pads and
production staging areds.

1 February 18, 201% An eightmonth investigation bthe Wedher Channelthe Center
for Public Integrity andInsideClimate Newmto fracking inthe Eagle Ford Shalm
Texasrevealed that fracking i¥eleasing a toxic soup of chemicals into theddihey
noted very poor monitoring by the state of Teaadreported on hundreds of air
complaintsfiled relaing to air pollution associated with frackirig.

1 December 18, 2018 An interdisciplinary group of researchers in Tegalected air
samples in residential areas near shale gas extractdproduction going keyond
previous Barnett Shaktudies by including emissions from the whole range of
production equipment. They foundthatmast e as had fAat mospheric m

35 Rawlins, R. (2013). Planning for fracking on the Barnett shale: Urban air pollution, improving health based
regulation, and the role of local governmemisginia Environmental Law JournaB1l, 226:306. Retrieved from
http://www.velj.org/uploads/1/2/7/0/12706894/2. rawlinsbarnett_shale.pdf

36 University of Texas at Austin. (2014, March 27). Air pollution and hydraulic fracturing: Better monitoring,
planning and tracking of health effects needed in Texas. Retrieved from
http://www.utexas.edu/news/2014/03/27/hydraditEcturingtexas/

37 Helmig, D., Thompson, C. R., Evans, J., Boylan, P., Hueber, J., & Park, J. (2014). Highly elevated atmospheric
levels of volatile organic compounds in the Uintah Basin, Utah [Absti@etironmerdl Science & Technology,

48(9), 47074715. doi: 10.1021/es405046r

38 ockwood, D. (2014, March 25). Harmful air pollutants build up near oil and gas f&hdsnical & Engineering
News Retrieved from http://cen.acs.org/articles/92/web/2014/03/HarAifuPollutantsBuild-Near.html

39 Moore, C. W., Zielinska, B., Petron, G., & Jackson, R. B. (2014). Air impacts of increased natural gas acquisition,
processing, and use: A critical revieinvironmental Science & Technologipi: 10.1021/es4053472

40 Morris, J., Song, L., & Hasemayer, D. (2014, February 18). Fracking the Eagle FordT®leal#eather Channel
Retrieved from http://stories.weather.com/fracking
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concentrations considerably higher than re
manyt oxi ¢ chemicals were fistrongy associat e

1 December 10, 2018 Health departmengstingat fracking sites in West Virginia
reveaéddangerous levels of benzene in the air. Whedbhgp County Health
Department Administrator élvard Gamblestated iiThe levels of benzene really pop out.
The amounts they were seeing were at levels of concern. The concerns of the public are
validatedd*?

1 October 11, 2018 Air samplingbefore, during, and after drilling and fracking of a new
naturd gas well pad in rural western Colorado documented the presence of the toxic
solvent methylene chloride, along with several polycyclic aromatic hydrocarbons (PAHS)
at Aconcentrations greater than those at w
studieshad | ower devel opnmental and |1 Q scores. 0

1 September 19, 2013In Texas, air monitoring data in the Eagle Ford Shale area eeveal
potentially dangerous exposures of nearby residents to hazaidposiutants including
cancercausingbenzene anthe neirological toxicanthydrogen sulfidé?

1 September 13, 2013A study by researcheet theUniversity of California at Irvine
found dangerous levelsofvalat e or gani ¢ c¢ ognipdusirialdHeartlaned Ca n a c
where there are more than 40 oil, gasd chemical facilities. The researchers noted high
levels of hematopoietic cancers (leukemia andidodgkind lymphoma)in men who
live closer to the facilitie$>

1 April 29, 2013i Using American Lung Association datasearchers witthe
EnvironmentaDefense Fundeterminedhat air quality in rural areas with frackimegas
worsethanair qualityin urban area&®

4 Rich, A., Grover, J. P., & Sattler, M. L. (2014). An exploratory study of air emissionsiatezbwith shale gas
development and production in the Barnett Shidernal of the Air & Waste Management Associat®{l), 61
72. doi: 10.1080/10962247.2013.832713

42 Junkins, C. (2013, December 10). Health dept. concerned about benzene emissioealnges drilling sites.
The Intelligencer, Wheeling NevRegister Retrieved from
http://www.theintelligencer.net/page/content.detail/id/593209/Hdadtpt -ConcernedAbout-BenzeneEmissions
NearLocalGasDrilling -Sites.html?nav=510

43 Colborn, T., Schitz, K., Herrick, L., & Kwiatkowski, C. (2014). Aexploratorystudy of air quality nearnatural
gasoperationsHuman and Ecological Risk Assessment: An International Jou26dl), 86:105. doi:
10.1080/10807039.2012.749447

44 Wilson, S., Sumi, L., &ubra, W. (2013, September 19). Reckless endangerment while fracking the Eagle Ford
shale Earthworks Retrieved from
http://www.earthworksaction.org/library/detail/reckless_endangerment_in_the eagle ford shale®/BuSo.
4 Simpson, I. J., Marrero, E., Batterman, S. &lake, D.R. (2013)Air quality in thelndustrialHeartland of
Alberta, Canada and potential impacts on human hestithospheric Environmerg1, 702709.doi:
10.1016/j.atmosenv.2013.09.017

46 Grossman, D. (2013, April 29). Clean edport card: CO, WY Counties get F's due to oil and gas pollution.
Environmental Defense FunBetrieved from http://blogs.edf.org/energyexchange/2013/04/29%aleagportcard
co-wy-countiesgetfs-dueto-oil-andgaspollution/#sthash.FXRV6Nxi.dpuf
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1 March 2013 A review of regional air quality damages in parts of Pennsyliarz@12
from Marcellus Shale development found that air polluti@sa significant concern
with regional damages ranging from $7.2 to $32 million in 2011.

1 February 27, 201B In a letter from Concerned Health Professionals of New York to
Governor Andrew Cuoma@ coalition of hundreds of health organizations, scientists,
medical experts, elected officialnd environmental organizations nbgerious health
concerns abouhe prospects dfacking in New York Statemaking specific note of air
pollution.*® Signaory organizations included the American Academy of Pediatrics of
New York, the American Lung Association of New Ypakd Physicians for Social
Responsibility. The New York State Medical Socjegpresenting 30,000 medical
professionalshasissuedsimilar statement®

1 January 2, 201B A NOAA study identified emissions from oil and gas field&Jiahas
a significant source of pollutants that contribute to ozone probleEsposure to
elevated levels of groudével ozone is known to worsen asthma and has been linked to
respiratory illnesses andcreased risk aftroke and heart attaék.

1 December 3, 2012 A study linked a single well pad Coloradoto more than 50
airbome chemicals, 44 of which have known health effexcts.

1 July 18, 2012 A studyby the Houston Advanced Research Center nestetone
formation from a natural gas processing facility using accepted emissions eséinthtes
showedhat regular operations calsignificantlyraise levels of grountével ozone
(smog ;n the Barnett Shale in Texas and thas fJaringfurthercontributedto ozone
levels®

47 Litovitz, A., Curtright, A., Abramzon, S., Burger, N., & Samaras, C. (2013). Estimation of regioualadiity
damages from Marcellus Shale natural gas extraction in PennsylEarmieonmental Research LetteB{l). doi:
10.1088/1748326/8/1/014017

48 Concerned Health Professionals of NY. (2013, February 27). Letter to Governor Cuomo. Retrieved from
http://concernedhealthny.org/letteésgovernorcuomo/

49 Campbell, J. (2013, April 17). Fracking roundup: Gas prices up; Medical society wants moraRalitios. on
the HudsonRetrieved from http://polhudson.lohudblogs.com/2013/04/17/fraekingdupgaspricesup-medicat
societywantsmoratorium/

50 Tollefson, J. (2013). Methane leaks erode green credentials of natursbgia®,493(7430), 1212. doi:
10.1038/493012a

51 American Lung Association. (2013). American Lung Association state of the air- Zdd@he pollution.
Retrieved from http://www.stateoftheair.org/2013/heaisks/healthrisks-ozone.html

52 Colborn, T., Schultz, K., Herrick, L., & Kwiatkows C. (2014). An exploratory study of air quality near natural
gas operationsgduman and Ecological Risk Assessment: An International Jouz6dl), 86 105. doi:
10.1080/10807039.2012.749447

53 QOlaguer, E. P. (2012). The potential neaurce ozone impacts of upstream oil and gas industry emissions.
Journal of the Air & Waste Management Associati{8), 966977. doi: 10.1080/10962247.2012.688923

24



1 March 19, 2012 A Colorado School of Public Health study found air pollutants near
fracking sites linked tmeurological and respiratory problems and cat&The study,
based on three years of monitoring at Col o
toxic petroleum hydrocarbons in the air near gas wells including benzene, ethylbenzene,

tolueneand xylee . 0 Li sa McKenzi e, PhD, MPH, | ead a
associate at the Colorado School of Public
important to include air pollution in the national dialogue on natural gas development that

hasfocusedlagel y on water expostres to hydraulic

1 December 12, 201l Cancer specialists, cancer advocacy organizations, and health
organizationsummarized the cancer risks posed by all stages of the shale gas extraction
process in a letter to New Yofkovernor Andrew Cuomv.

1 October 5, 2011 More than 250 medical experts and health organizatemnewed the
multiple health risks from frackin@ a letter sent to New York Governor Andrew
Cuomo?®

1 April 21, 20117 Environment & Energy (E&Edeporedthat ozone levels exceeding
federal health standards in UatJintah Basin, as well as wintertime ozone problems in
other parts of the Intermountain West, stem from oil and gas extraction. Levels reached
nearly twice tie federal standard, potentially dggrous eveifor healtly adults to
breathe. Keith Guille, spokesman for the Wyoming Department of Environmental
Quiality, said fiwe recognize that definitely the main contributor to the emissions that are
out there is the oil and gas indusgtry>®

1 March 8, D111 The Associated Pressported thagas drilling insome remote areas of
Wyoming caused a decline of air quality fregmstinemountain air to levels of smog and
pollution worse than Los Angeles on its wattays, resulting imesidents complainingf
watery eyes, shortness of breathd bloody nose?.

54Kelly, D. (2012, March 19). Study shows airissions near fracking sites may pose health tisiversity of
Colorado DenverRetrieved from http://www.ucdenver.edu/about/newsroom/newsreleases/Pagesfipsaitisof-
fracking-emissions.aspx

55 McKenzie, L. M., Witter, R. Z., Newman, L. S., & Adgate.J (2012). Human health risk assessment of air
emissions from development of unconventional natural gas reso8aiesce of the Total Environmena24, 79-87.
doi: 10.1016/j.scitotenv.2012.02.018

56 Banerjee, N. (2012, March 20). Study: 'Fracking' nmmyease air pollution health risksos Angeles Times
Retrieved from http://articles.latimes.com/2012/mar/20/locaiegs-frackingincreasesir-pollution-healthrisks
to-residents20120320

57 Physicians, Scientists & Engineers for Healthy Energy. (2D&tember 12). Appeal to Gov. Cuomo to consider
cancer risks re: High volume hydraulic fracturing for natural gas [Letter to A. Cuomo].

58 Physicians, Scientists & Engineers for Healthy Energy. (2011, October 5). Letter to Governor Cuomo [Letter to
A. Cuomd.

59 Streater, S. (2011, April 21). Air pollution: Winter ozone problem continues to mystify regulators, inéigsry.
Publishing, LLC Retrieved from http://www.eenews.net/stories/1059948108

50 Gruver, M. (2011, March 8). Wyoming is beset by atity problem: SmoglUSA TodayRetrieved from
http://usatoday30.usatoday.com/money/industries/energy/@808-naturatgasozonewyoming_N.htm
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1 November 18, 2010 A study of air quality in the Haynesville Shale region of east
Texas, northern Louisiana, and southwestern Arkansas fbahdhale oil and gas
extraction activitiegontributed sinificantly togroundlevel ozongsmog) via high
emissions obzone precurser includingvolatile organic compounds and nitrogen

oxides®! Ozone isakey risk factor for asthma and other respiratory and cardiovascular
illnesses? 63 64.65

1 September 2010 A health assessmeby the Colorado School of Public Heaftr gas
development in Garfield Countyodradodetermined that air pollution will likeliibe
high enough to cause shaerm and longerm disease, especially for residents living
neargaswells. Health effects may include respiratory disease, neurological problems,
birth defects and cancét® ¢’

1 January 27, 2010 Of 94 drilling sites tested for benzene in air over the Barnett Shale,
the Texas Commission on Environmental Quality discovevedvell sites emithg what
they determined t o dnagdandtherk® emdtimeelevatechlévish | ev e

Water contamination

Emerging science confirms that drilling and fracking inherently threaten groundwater and
have contaminated drinking water sources. In Pennsylvania alone, more than 240 private
drinking water wells have been contaminated or have dried up as the result ibindrand
fracking operations over a seveyear period. A range of studies from across the United States

61 KembaltCook, S., Baillan, A., Grant, J., Parker, L., Jung, J., Santamaria, WYarwood, G. (2010). Ozone
impads of naturalgasdevelopment in the Haynesville Shallvironmental Science & Technologyy(24), 9357
9363. doi: 10.1021/es1021137

62U.S. Environmental Protection Agency. (201Bfegratedscienceassessment farzone andelated
photochemicabxidants Retrieved from http://www.epa.gov/nceal/isa/ozone.htm

83Shah, A. S., Lee, K. K., McAllister, D. A., Hunter, A., Nair, H., Whiteley, W., . . . Mills, N. L. (2015). Short term
exposure to air pollution and stroke: systematic review and-amettysis British Medical Journal, 241295). doi:
10.1136/bmj.h1295

64 Shah, A. S., Langrish, J. P., Nair, H., McAllister, D. A., Hunter, A., L., Donaldson, K., . . . Mills, N. L. (2013).
Global association of air pollution and heart failure: a systematic review anehmadyesis.TheLancet 382(9897),
10391048. doi: 10.1016/S0148736(13)60893.

55 Myers, O., Flowers, H., Kang, H., Bedrick, E., Whorton, B., Cui, X., & Stidley, C. A. (200 association
between ambient air quality ozone levels and medical vigiasthhma in San Juan Counyew Mexico

Department of Health, Environmental Health Epidemiology Bureau Epidemiology and Response Division
Retrieved fromhttp://www.nmenv.state.nm.us/agb/4C/Documents/SanJuanAsthmaDocBW.pdf

86 witter, R., McKenzie, L., Towle, M., Stinson, K., Scott, K., Newman, L., & Adgate, J. (2010). Health impact
assessment for Battlement Mesa, Garfield County Colo@dlorado School of Public HealtiiRetrieved from
http://www.garfieldcounty.com/publie
healthHocuments/1%20%20%20Complete%20HI1A%20without%20Appendix%20D.pdf

67 Battlement Mesa HIA/EHMS. (2013, November 30). Retrieved from http://www.garfield
county.com/environmentdiealth/battlementesahealthimpactassessmestdraft2.aspx

58 The Associated Pres010, January 27). Texas agency finds high benzene levels on Barnett Shale. Retrieved
from http://www.nola.com/business/index.ssf/2010/01/texas_agency_finds_high_benzen.html
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presents irrefutable evidence that groundwater contamination occurs and is more likely to occur
close to drilling sit esvellsfdrhkligposal aftfracking dvaste dl®7 , 57 0
pose demonstrable threats to drinking water aquifers. Municipal sewage treatment plants are

not capable of treating fracking waste; disposal of fracking waste through them can encourage

the formation of carcinogaic byproducts during chlorination. The disposal of fracking
wastewater remains a problem without a safe, viable solution. Overall, the number of well
blowouts (unintentional releases of pressurized gases and fluids), spills, and cases of surface
water cortamination from waste pits and other sources has steadily grown. Meanwhile, the gas

i ndustryds use -disclodirg aggeenemts] and settleiments ampede scientific

study and stifle public awareness of the extent of these problems.

1 July 30,20157 As reported by theos Angeles Timesinlined waste pits and hillside
spraying of oiffield wastewater have contaminated groundwater in Kern County,
California. Five ofsix monitoring wells in the S4cre waste site showed high levels of
salt, boronand chloride, but it inot knownhow far and fast the contaminated plume has
traveled®®

1 July 21, 2015 By surveying records for 44,000 wells fracked between 2010 and 2013,
researchers from Stanford University, Duke University, and Ohio State Unyversit
attempted a firsever assessment of the range of depths at which fracking occurs across
the United States. They found that many wells are shallower than widely preSufsed.
the authorsoted, vertical fractures are able to propagate 2,000 feet upaaddhence,
Ashall ow hydraulic fracturing often has g
deeper hydraul i c f r acetlthatdrinkiggwdtersarceSs maybe s s
more vulnerable from upward migration of fracking contaminants thamomsy
presumedSurprisingly, the researchdmund no strong relationship between depth and
the volume of water and chemicals used for fracking. Many wells were both shallow and
waterintensive with significant variation in water use from state toestat

r
t

T July 9, 2015 A multi-volume report from the California Council of Science and
Technology(CCST)found threats to groundwater in California from several parts of the
fracking lifecycle, most notably from toxic wastewater. First, wastewater frofoGeadi
fracking operations is sometimes used for crop irrigatrowhich case contaminants
may seep from the surface of agricultural areas into groundwater. Second, nearly 60
percent of fracking wastewater in California is dispasiid unlined, operair pits, a
practice that is banned in almost all other states. There are 900 such waste disposal pits in
the state, most of which are located in Kern Cpufhird, for many years, fracking
wastewater in California has been mistakenly sent, via injectitis, wieectly into

69 Cart, J. (2015, July 30). Central valley wastewater disposal to continue despite contaniinatidmgeles Times.
Retrieved fromhttp://www.latimes.com/lod&alifornia/lame-oil-wastepits-20150731story.html

70 Jordon, R. (2015, July 21). Shallow fracking raises questions for water, new Stanford research shows, Stanford
University press release. Retrieved frotip:/news.stanford.edu/news/2015/july/fracking_wgdekson

072115.html

" Jackson, RB., Lowry, E.R., Pickle, A., Kang, M., DiGiullo, D., & Zhao, K. (2015). The depths of hydraulic
fracturing and accompanyimgater use across the United Stat&svironmental Sciencg Technologydoi:
10.1021/acs.est.5b01228
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protected aquifers containing clean freshw&t&.al i f or ni adés Di vi si on ¢
Geothermal Resources allowed fracking wastes to be injedtedqguifers that it

believed were exempt from the U.S. Safe Drinking Water Act. Congellis mistake,

the agencyas shut down 23 injection wells for fracking waste disposal and established a
two-year timetable for phasing out other weafigecting wastanto aquifers that should

have been protectédFracking also threatei€C a | i f o oundivated resouraes

through water consumptioaccording tdhe CCST study. While this volume of water

represents a small percentage of overall annual water consumption in California,
frackingrelated water use is, the study notes, disproportionately cwated in areas of

the state already suffering from water shortages. Further drawdowns of these aquifers

may interfere with agricultural and municipal water ne€ds.addition, because the il

containing rock layers in California are located closer ¢ostirface than in other states,

the statebdbs groundwater i s potentially vul
vertical faults and fissures and via old and abandoned wells. The absence of evidence for
direct contamination of groundwater by frackingg study concludes, reflects absence of
investigation rather than evidence of saféty.

1 June 30, 2015 The U.S. Geological SurvéySGS)released the first nationwide map of
water usage for hydraulic fracturing. It shows wide geographic and temporaiovairat
the amount of water used to frack a single well. In general, gas wells consume more
water per well (5.1 million gallons on average) than oil wells (4 million gallons). Median
annual water volumes needed to frack a single horizontal oil or gaswareldsed
dramatically) by a factor of 25 or moée between 2000 and 2014. A typical gas or oll
well that is horizontally fracked now requires between six and eight Olysged
swimming pools of water. In 2014, the majority (58 percent) of new hydraulically
fracked oil and gas wells were horizohalrilled. The watersheds where the most water
was consumed for hydraulic fracturing are mostly located in southern or southwestern
states and correspond to the following shale formations: the Eagle Ford and Barnet
Shales in Texas; the HaynesviB®ssier Shale in Texas and Louisiana; the Fayetteville
Shale in Arkansas; the Tuscaloosa Shale in Louisiana and Mississippi; and the Woodford
Shale in Oklahoma. The Marcellus and Utica Skéalekich underlie watersheds jparts

2 Shonkoff, SB. C., Jordan, PHays, J., Stringfellow, WT., Wettstein, ZS., Harrison, R., Sandelin, W., &
McKone, T.E. (2015, July 9). Volume II, Chapter 6: Potential impacts of well stimulation on human health in
California. In:An Independent Scientific Assessment of Well Stimulation in Calif@alidornia Council on
Science and Technology, Sacramento, CA. Retrie\ad ffittp://ccst.us/publications/2015/vblchapter6.pdf

73 Baker, D.R. (2015, July 16). U.S. likely to bar eilaste dumping into 10 California aquife8an Francisco
Chronicle.Retrieved fromhttp://www.sfchronicle.com/business/articleBdikely-to-baroil-wastedumpinginto-
10-6389677.php

74 Stringfellow, W.T., CooleyH., Varadharajan, C., Heberger, M., ReaganTMDomen, J.K., . . Houseworth, J.
E. (2015, July 9). Volume Il, Chapter 2: Impacts of well stimulation on water resourcAs. limdependent
Scientific Assessment of Well Stimulation in Califor@alifornia Council on Science and Technology, Sacramento,
CA. Retrieved fronhttp://ccst.us/publications/2015/vbkchapter2. pdf

®Long, J.C. S, Birkholzer, JT., & Feinstein, LC. (2015,July 9). Summary report. I&n Independent Scientific
Assessment of Well Stimulation in Califorr@alifornia Council on Science and Technology, Sacramento, CA.
Retrieved fromhttp://acst.us/publications/2015/2015SB4summary.pdf
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of Ohio, Pennsylvania, West Virginia, and New Y@nkwere also in the top seven water
consuming shale plays in the United Stéfes.

1 June 26, 2015 A decaddong USGSstudy of 11,000 public drinking water wells in
Californiad nearly all the groundwater used for public suppfgund high levels of
potentially toxic contaminants in about 20 percerthefwells, affecting about 18 percent
of the st atalthosigh thesudyldia hot speatifically investigate
contaminants from oil and gas extraction, it does provide evidence for farm irrigation
draining into groundwater, raising questions about the possible contamination of drinking
water aquifers from the reusefedcking wastewater for crop irrigatidf.

1 June 16, 2015 A University of Texas research team documented widespread drinking
water contamination throughout the heavily drilled Barnett Shale region in northern
Texas. The study, which analyzed 550 watenggas from public and private water
wells, found elevated levels of 19 different hydrocarbon compounds associated with
fracking (including the carcinogen benzene and the reproaguctkicant, toluene),
detections of methanol and ethanol, and strikingijn hévels of 10 different metai€fi | n

the abstract, we canb6t state that unconven
the | ead aut hor, Zachariah Hildenbrand, s a
into areas where drilling is happeninguyo f i nd mor e i nstances of ¢
coincidental. Ther®® are causes for concern

T June5,2015TheU. S. Environment al Hangawatedt6@do n A g e n.
page draft report on the potential impacts of fracking for drinking waternaesou
confirmed specific instances of drinking water contamination linked to drilling and
fracking activities. The report also identdipotential mechanisms, both above and
below ground, by which drinking water resources can be contaminated by fraoking. |
some cases, drinking water was contaminated by spills of fracking fluid and wastewater.
I n other cases, A[b]Jelow ground movement o
drinkingwaterresor ces. 0 The EPA investi-glagdepills docui
over six years but acknowledged that they do not know how many more may have
occurred. Of the total known spills, 300 reached an environmental receptor such as
surface water or groundwater. The EPA also conceded that insufficient baselinegdrinkin

6 Gallegos, TJ., Varela, BA., Haines, SS., & Engle, MA. (2015). Hydraulic fracturing water use variability in
the United States and potential environmental implicatidfeter Resources Researéttceptedauthor manuscript.
doi: 10.1002/2015WR017278

" Belitz, K., Fram, M.S., & Johnson, TD. (2015). Metrics for assessing the quality of groundwater used for public
supply, CA, USA: equivalerpopulation and are&nvironmental Scienc& Technologydoi:
101021/acs.est.5b00265

"8 Knickmeyer E., & Smith, S. (2015, July 15). Study finds contaminants in California puétar supplies.
Associated Pres&etrieved fromhttp://abcnews.go.com/Health/wireStory/stifihyds-contaminantsalifornia
publicwatersupplies32476456

" Hildenbrand, ZL., Carlton, D.D., Fontenot, BE., Meik, J.M., Walton, J.L., Taylor, JT., . . Schug, K.A. (2015)
A comprehensive analysis of groundwater quality in the Barnett Shale rEgicimonmental Science &
Technology49(13), 825462. doi: 10.1021/acs.est.5b01526

80 McPhate, C. (2015, June 18). New study reveals potential contamiria¢intun RecordChronicle Retrieved
from http://www.dentonrc.com/localews/localnewsheadlines/20150618ewstudyrevealspotentiat
contamination.ece
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water data and a lack of lontigrm systematic studies limited the power of its findings.

The EPA investigation confireda number of specific instances where these potential
mechanisms did indeed lead to drinking water contamination. An assertior&rPtt#e6 s
accompanying press release that it had not
drinking water resourceso was quoted out o
fracking poses little threat to drinking water. To the contrary, this repofitm@a that

drilling and fracking activities have contaminated drinking water in some cases and
acknowledgd that it cannot ascertain how widespread the problasdue to

insufficient daté! EPA ScienceAdvisor Thomas A. Burkkaterclarified that theeport

does notshowthétr ac ki ng 1 s TEhatiseattheBnesskge of thia riepbrf. i

The message of this report is that we have identified vulnerabilities in the water system

that are really important to know about and address to keep rikks as possibléf?

1 May 19, 2015 A Pennsylvania State University research team documented the presence
of a frackingrelated solvent,-A-Butoxyethanol, in the drinking water from three homes
in Bradford County, Pennsylvania, as part of an investigafignivate drinking water
wells near drilling and fracking operations that contained methane and foam. This finding
represents the first fully documented case of a commonly used fracking chemical entering
a drinking water s our aeftheificildntas thatstsay naluralk e | 'y
gas and drilling or [hydrofracking] compounds were driver8-Kin along shallow to
intermedi ate depth fractures t®Inanhe aquife
accompanyingNew York Timestory, lead author San Brantleydescribed the geology
in northern Pennsylvania fas being similar
extend down thousands of feet to the Marcellus Shale. The vertical fractures are like
knife cuts through the layers. They can extengdewlerground, and can act like
superhighways for escaped gas and liquids from drill wells to travel along, for distances
greater thah a mile away. o0

1 May 15, 2015 A research team from the University of Colorado Boulder and California
State Polytechnimktitute developed a model for identifying which fracking fluid
chemicals are most likely to contaminate drinking water. Of 996 fracking fluid
compounds known to be in use, researchers screened 659 of them for their ability to
persist, migrateand reach ipundwater aquifers over a short time scale. Of the fifteen
compounds so identified, two were commonly used in fracking operations: naphthalene
and 2butoxyethanol. Both are ingredients in surfactants and corrosion inhibitors. The
authors noted thatButaxyethanol haveen detected in drinking water in a heavily

81 U.S. EPA. (2015)Assessment of the potential impacts of hydraulic fracturing for oil and gas on drinking water
resourcegExternal review draft). U.S. Environmental Protection Agency, Washington, DC, EPA/GG00R7,

2015. Retrieved frorttp://cfpub.epa.gov/ncea/hfstudy/recordisplay.cfm?deid=244651

Ward Jr., K. (2015, June 7). EPA Clsadegton GazetisRetdevadldy doe s n
from: http://www.wgazettemail.com/article/20150607/GZ01/150609432

8 Llewellyn G.T., Dorman, F, Westland, 1., Yoxtheimer, D., Grieve, P. Sowers, T.,.Brantley, SL. (2015).
Evaluating a groundwater supply contamination incident attributed to Marcellus Shale/glaphent.

Proceedings of the National Academies of Scieht®2,632530. doi:10.1073/pnas.142027914BCSupplemental

84 St. Fleur, N. (2015, May 4). Fracking chemicals detected in Pennsylvania drinking Wetisiew York Times
Retrieved fromhttp://www.nytimes.com/2015/05/05/science/earth/fracikdhgmicalsdetectedin-pennsylvania
drinking-water.html?_r=0&ddendums
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fracked area of Pennsylvania. Expostar@-butoxyethanol has been linked to birth

defects in animals. Naphthalene is a possible human carcinogen that is toxic to red blood
cells and contributes tddney and liver damage. Researchers did not consider the impact
of mixtures, interactions between contaminaotshemical transformations during the
fracking or flowback process n d n thd needl for data on the degradation of many
compounds used iinacturing fluids under conditions relevant for groundwater
transport. o

1 May 7, 2015 A survey of streams in Arkansas, led by the University of Central
Arkansas, found alterations in macroinvertebrate commundibsrelated to drilling
and fracking operations in the Fayetteville Shale. Fracking activity near streams was
associated with greater sediment and mor e
disturbancd r om gas devel opment &f fected stream

1 April 20, 20151 A USGSteam analyzed water brought to the surface during natural gas
extraction at 13 fracked wells in northern Pennsylvania. They found large variability in
the volatile organic compounds and microorganisms in the water samples fiienendi
wells. Organic chemical contaminants included benzene, toluene, and perchloroethylene,
chloroform, and methylene chloride. The presence of microbes was associated with
concentrations of benzene and acetate. Despite the addition of biocides luiring t
fracking process, hydrogen sulfiggeoducing bacteria were present at culturable levels,
along with methogenic and fermenting bacteria. The source of these microorganisms was
notdete mi ned. i@ daenot exclude tbe possibility that these ndoyanisms
are native to the shale formation and reactivated by [hydrofracking] activities, as their
physiology does not indi®cate a terrestrial

1 April82015iA Uni versity of Colorado Boulder res
chamicals found in liquid waste that flad out of gas wells in Colorado after thiegd
been fracked revealed the presence of many fracking fluid additives, including biocides,
which arepotentially harmful if they leak into groundwater. According todh#ors,
treatment of fracking wastewater must include aeration, precipitation, disinfection, a
biological treatment to remove dissolved organic matter, and reverse osmosis
desalination in order for it to be appropriate for +ii@atking uses, such as crop
irrigation 88

85 Rogers, JD., Burke, T.L., Osborn, SG., & Ryan, JN. (2015). A framework for identifying organic compounds
of concern in hydraulic fracturing fluids based on their mobility and persistence in groundwateonmental
Science & Technologyetters,2, 158-64.

86 Johnson, E., Austin, B., Inlander, E., Gallipeau, C., Evawthite, M. A., & Entrekin, S. (2015). Stream
macroinvertebrate communities across a gradient of natural gas development in the FayettevilkeiShaéeof the
Total Environment530-531,323-32. doi:10.1016/j.scitotenv.2015.05.027

87 Akob, D. M., Cozzarelli, .M., Dunlap, D.S., Rowan, EL., & Lorah, M. M. (2015). Organic and inorganic
composition and microbiology of produced waters from Pennsylvania shale gasipplisd Geochemistryn
press, corrected proofs online April 20. db.1016/j.apgeochem.2015.04.011

88 | ester, Y., Ferrer, |, Thurman, El., Sitterley, K.A., Korak, J.A., Aiken, G., & Linden, KG. (2015).
Characterization of hydraulic fracturifipwback water in Colorado: Implications for water treatm&aience of
the Total Environmen612'513,637-44. doi: 10.1016/j.scitotenv.2015.01.043
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1 March 18, 2015 Using a new strearhased monitoring method, a team of scientists with
USGS Pennsylvania State University, and University of Utah found elevated levels of
methane in groundwater discharging into a stream near drilling askdnigeoperations in
Pennsylvania. In this same area, several private water wells contained high levels of
methane as a result of gas migration near a gas well wifeative casing. The
monitoring technique used by the scientists allowed them to demtenttat the source
of the methangvasshale gas from the Middle Devonian period, which is the kind of gas
found in the Marcellus Shafé@ ResearcheBusan Brantlegaid,il f ound it comp:
that using this new method for a reconnaissance of just Esr&tri@ Pennsylvania, we
discovered one instance of natural gas entering the stream, perhaps from a nearby leaking
shale gas wefy®

1 March 12, 2015 In contrast to the findings of earlier reseafebe footnotes 163 and
183), a team led by geologist DddaSiegel of Syracuse University found no relationship
between methane levels in drinking water welld proximity to oil or gas wells in a
heavily fracked area of northeastern Pennsylv8riowever, Siegel failed to reveal in
his pape® as is requirethy the journab that he had received industry funding from
the Chesapeake Energy Corporation. Subsequently, the journal published a lengthy
correction that revealed that Chesapeake had not only privately funded the lead author
but had provided the basedigroundwater data set. A second author was revealed to be a
formerg 2employee of Chesapeake, and another had worked as a consultant in the energy
sector.

1 March 3, 20151 A Duguesne Universitgtudy of private drinking water wells in an
intensely drilledsouthwestern Pennsylvania community compareeipheand postdrill
data on water quality and found changes in water chemistry that coincided with the
advent of drilling and fracking activities. Levels of chloride, iron, barium, strontium, and
manganeswere elevated. In some cases, concentrations exceeded eessdth
maximum contaminant levels. Methane was detected in most houses tested. Surveys of
residents revealed widespread complaints about changes in water quality that began after
drilling and fracking operations commenced. Violation records from the Pennsylvania
Department of Environmental Conservation uncovered possible pathways for water
contamination. The researchers concluded that alterations of local hydrology caused by
the injection of largeolumes of hydraulic fracturing fluids may have mobilized

89 Heilweil, V. M., Griewe, P.L., Hynek, SA., Brantley, SL., Solomon, DK., & Risser, DW. (2015). Stream
measurements locate thermogenic methane fluxes in groundwater discharge in an aregja$ steslelopment.
Environmental Scienc& Technology49,405765. doi: 10.1021/es503882b

90 U.S. Geological Survey. (2015, April 1). New stream monitoring method locates elevated groundwater methane in
shalegas development area. Retrieved from

http://www.usgs.gov/newsroom/article.asp?ID=417 @%ficrss&utm_source=dlvr.it&utm medium=facebookhttp://
www.readcube.com/articles/10.1002%2F2014WR016382?r3_referer=wol&tracking_action=preview_click&show c
heckout=1&purchase_site_license=LICENSE_DENIED _NO_ CUSTOMER#.VaPKNYsqdyA

%1 Siegel, D.l., Azzolina, N.A., Smith, B.J., Perry, AE., & Bothun, RL. (2015). Methane concentrations in water
wells unrelated to proximity to existing oil and gas wells in northeastern Pennsylzaniconmental Scienc&
Technology49,410612. doi: 10.1021/es50577%©r earler research, see footnotes 163 and 185.

92 Siegel, D.l., Azzolina, N.A., Smith, B.J., Perry, AE., & Bothun, RL. (2015). Correction to Methane
concentrations in water wells unrelated to proximity to existing oil and gas wells in northeastern Raimsylv
Environmental Scienc& Technology49,410612.doi: 10.1021/es505775c¢
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contaminants left over from legacy oil, gas, and mining operations as well as opened
pathways for the migration of fracking fluids themseles.

1 March 3, 2015 A research team from Duquesne Ungrgrreviewed the evidence for
environmental impacts to air and waterm activities related to shale gas extraction in
Pennsylvania and explored potential mechanisms for contamination of air and water
related to the drilling and fracking process itsAlhong them: deformations of the shale

bedrock caused by the injection of | arge v
are translated through rock layers and can impact faults and fissures, so affecting
groundwatef?

1 February 23, 2016 The arrval of drilling and fracking activities coincided with an
increase in salinity in a creek that drains public land in a-geichiregion of Wyoming,
determined & SGSstudy. The dissolved minerals associated with the rise in salinity
matched thsefound innative soil salts, suggesting that disturbance of naturallyishlt
soils by ongoing oil and gas activities, including pipeline, road, and wellpad construction,

was the culprit. AAs [shale gas and oil] d
lands waldwide, the potential for soil disturbance to increase stream salinity should be
considered, particularly where s0ils host

1 February 14, 2015 A review by aDickinson Pressiewsreporterof disposal well files
and more than 2,090 mechanical integrity testsealed that North Dakota frack waste
injection wellswereoften leaky and that state regulators contihioeallow fluid
injection into wells with documented structural problems even though thedickiist
meet EPA guidelines for well bore integrity. Officials with the North Dakota Division of
Oil and Gas said theyadprimary enforcement responsibilities and that EPA guidance
did not apply to these wells. The investigation dpfe € a review of state and federal
documents, as well as interviews with geologists, engineers, environmental policy experts
and lawyers who have litigated under the Safe Drinking Water Act, suggests the agency
is loosely interpreting guidance and protocolg #ra meant to maintain the multiple
| ayers of protection that s dlipedckinsoaPresgui f er
is the daily newspaper for Stark County in southwest North D&Rota.

1 February 11, 2016 TheLos Angeles Timemnalyzed selfeported testing results on

93 Alawattegama, K., Kondratyuk, T., Krynock, R., Bricker, M., Rutter,K., Bain, D.J., & Stolz, JF. (2015).

Well water contamination in a rural community in southwesRannsylvania near unconventional shale gas
extraction.Journal of Environmental Science and Health, Part A: Toxic/Hazardous Substances and Environmental
Engineering, 50516-528. d0i:10.1080/10934529.2015.992684

% Lampe, D.J. & Stolz, JF. (2015). Current perspectives on unconventional shale gas extraction in the
Appalachian BasinJournal of Environmental Science and Health, Part A: Toxic/Hazardous Substances and
Environmental Engineerin®0(5), 434446. doi:10.1080/10934529.2015.99255

% Bern, C.R., Clark, M.L., Schmidt, T.S., Nolloway, JM., & McDougal, R.R. (2015). Soil disturbance as a

driver of increased stream salinity in a semiarid watershed undergoing energy develdpuareat.of Hydrology,
524,123136. doi:doi.org/101016/j.jhydrol.2015.02.020

%Brown, A. (2015, February 14). Lacking integrity? Stat
saltwater disposal well§he Dickinson Pres&Retrieved from
http://www.thedickinsonpress.com/energy/bakken/367986kKing-integrity-staterequlatoryofficials-dontfollow-

epaguidance
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fracking wastewater that California drillengrerequired to submit to the state. Samples

of wastewater collected from 329 fracked oil wells found that virtualéy 88 percerd
contained benzene at levels that exeeestiandard$or permissible concentrations in
drinking water. This finding likely underrepresents the extent of the problem, according
to the newspaper investigation, because many operators failed to comply with reporting
requirements. Téadiscovery that fracking wastvater is high in benzene is particularly
alarming in light of the admission by the state of California that it had inadvertently
allowed frack waste disposal directly into aquifers containing clean water that could
potentiglly be used for drinking hosewells are now the subject of federal and state
review.

1 February 1, 2015 An investigation of the chemical mak of fracking fluid found that
the compositions of these mixtures vary widely according to region and company,
making the process of identifying individual compounds difficult. Classes of
hydrocarborbased chemicalinclude solvents, gels, biocides, scale inhibitors, friction
reducers, and surfactants. Chemical analysis identified around 25 percent of the organic
compounds that are believed to be present in fracking fluid and that are necessary to test
for in identifying groundwater and drinking wateontaminatior?® Dr. Imma Ferrer, lead
author explainedn a ScienceDaily articleabout her researdhatfib]efore we can
assess the environmental impact 0% the f

1 January 30, 2016 A USGSreview of national water quality databases found that
insufficient data exist to understand the impact of fracking on drinking Watera
media interview, | ead author Zack Bowen
be dle to assess the potential effects of oil and gas development over larger geographic

by

ar eldls . o

1 January 21, 2016 A team of researchers from the&SGSand Virginia Tech University
established that petroledbased hydocarbons can break down ugrdemd inways that
promote the leaching of naturally occurring arsenic into groundwater. Arsenic is a known

| u

S a

human carcinogen that causes bladder, lung, and skin cancer. Elevated levels of arsenic in

97 Cart. J. (2015, February 11). High levels efibene found in fracking waste wateos Angeles TimeRetrieved

from http://www.latimes.com/local/californiaAme-fracking-2015021 istory.html#page=1

% Ferrer, 1.& Thurman, E.M. (2015)Chemical constituents and analytical approaches for hydraulic fracturing

waters Trends in Environmental Analytical Chemistby 18-25, doi:10.1016/j.teac.2015.01.003

99 Elsevier (2015 April 8). Fracking fluids contain potentially harmful compounds if leaked into groundwater.
ScienceDailyRetrieved from
http://www.sciencedaily.com/releases/2015/04/150408090323.htm?utm_source=feedburner&utm_medium=email&
utm_campaign=Feed%3A+saieedaily%2Fearth climate%2Frecycling_and_waste+%28Recycling+and+Waste+N
eWS+-

100Bowen, Z.H., Oeisner, GP., Cade, B., Gallegos, J., Farag, AM., Mott, D.N., . . .Varela, B.A. (2015).

Assessment of surface water chloride and conductivity treral®as of unconventional oil and gas developéent

why existing national data sets cannot tell us what we would like to Rivater Resources Researéi, 704-15.

doi: 10.1002/2014WR016382

Yiphillips, S. (2015, March 3pr cSHsedPact PennsylcakiRetmieyedwat e r
from https://stateimpact.npr.org/pennsylvania/2015/03/03/rsa&ingwaterquality-datascarce/
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drinking water represent a public health thi€aResearchers fouithat arsenic
concentrations in a hydrocarbon plume can reach 23 times the current drinking water
standardf 10 micrograms per liter. The authors of the study said that the metabolism of
carbonrich petroleum products by subterranean microbes is invatvadomplex
geochemical process that leads to mobilization of arsenic into agiiiters.

1 January 14, 2016 Researchers from Duke University, Dartmouth College, and Stanford
Universityfound high levels of iodide, bromidand ammonium in samples of
wastavater from fracking operations in both the Marcellus and Fayetteville Shales. These
same chemicals were present when fracking wastewater was discharged into rivers and
streams at three treatment sites in Pennsylvania and during an accidental spill in West
Virginia. lodide and bromide are known to create toxic disinfection byproducts when
downstream water is subsequently chlorinated for drinking water. In water, ammonium
can convert to ammonia, which is toxic to aquatic life. The authors tiwethis is he
first study to identify ammonium and iodide as widespread in fracking waste
discharges® In an interview with theéittsburgh PosiGazette lead author Avner
Vengosh said that the findings raise new concerns about the environmental and health
impacts ofwastewater from drilling and fracking operatidf3.

1 November 27, 2014 An interdisciplinary team of researchers found methane
contamination in drinking water wells located in eight areas above the Marcellus Shale in
Pennsylvania and the Barnett Shale @xds, with evidence of declining water quality in
the Barnett Shale area. By analyzing noble gases and their isotopes (helium, neon, argon),
the investigators were able to isolate the origin of the fugitive methane in drinking water.
Theresults implicate leaks through cement well casings as well as via naturally occurring
cracks and fissures in tlsarroundingock!®l n a r el ated editorial,
authors, Robert Jackson, called on the EPA to reopen its aborted investigiation i
drinking water contamination in heavily fracked areas of Texas. Jackson also emphasized
that methane migration through unseen cracks in the rock surrounding the wellbore
Arai ses the i nt adrilirggtompagy coult okow procédisd v t hat

102y.S. Geological Survey (2015, January. 26). Natural breakdown of petroleum underground can lace arsenic into
groundwater. Retrieved from
http://www.usgs.gov/newsroom/article.asp?ID=4110&from=rss&utm_source=dlvr.it&utm medium=facebook#.Vav
GXlsgdyA

103 Cozzarelli, I.M. Schreiber, MD., Erickson, ML., & Ziegler, B.A. (2015). Arsenic cycling in hydrocarbon

plumes: secondary effts of natural attenuatio@roundwater doi: 10.1111/gwat.12316

104 Harkness, JS., Dwyer, GS., Warner, NR., Parker, KM., Mitch, W. A, & Vengosh, A. (2015). lodide,

bromide, and ammonium in hydraulic fracturing and oil and gas wastewaters: envitahimefications.

Environmental Scienc& Technology49,195563. doi:10.1021/es504654n

105 Hopey, D. (2015, January 15). Study: high levels of pollutants from drilling waste found in Pa.Riitebairgh
PostGazette Retrieved fromhttp://powersource.posgtazette.com/powersource/latedtand
gas/2015/0/14/StudyHigh-levelsof-pollutantsfrom-drilling-wastefound-in-Pennsylvanigivers
shale/stories/201501140143

06 parrah, TH., Vengosh, A., Jackson, B., Warner, NR., & Poreda, RJ. (2014). Noble gases identify the
mechanisms of fugitive gas contamination in drinkimater wells overlying the Marcellus and Barnett Shales.
Proceedings of the National Academy of Sciences(39)11407614081. doi: 10.1073/pnas.1322107111
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cementing and casing below the local aguifeand still create a potential pathway for
gas to migrate % nto drinking water. o

1 November 26, 201# A critical review of biocides in fracking fluid by a Colorado State
team found that the fate of these mheals underground is not known and their toxicity
not well understood. While many biocides are shivetd, some may transform into more
toxic or persistent compounds. Among the most comah@mical components of
fracking fluid, biocides are used to inhithe growth of deegife microorganisms,
including sulfatereducing bacterithatcontribute to corrosion of well casings and can
form biofilms that prevent the upward flow of natural gas. Oxidizing biocides that are
chlorine or brominebased can reaetith other fracking chemicals and may produce
toxic halogenated byproducts. The authors chbtecides pose a unique risk for drinking
water when fracking liquid waste is treated for discharge to surface water via sewage
treatment plants. Sdlethal concetrations may contribute to adaptation of surviving
microorganisms and, hence, antibiotic resistance of pathoGlees cited particular
concerr(ljgovesurface spills and well integrity issues associated with casing or cement
failurel!

1 November 3, 2014 The West Virginia Department of Environmental Protection
confirmed that three private drinking water wells were contaminated when Antero
Resources mistakenly drilled into one of its own gas wells. Benzene, a human
carcinogen, and toluene, a reproductivedanrt, were detected in the drinking water at
concentrations four times the legal maximum limit. Additionally, a nearby abandoned gas
well, a drinking water well, and an actively producing gas well were all pressurized as a
result of the mishap and begarhex bi t i ng A®rtesi an fl ow. 0

1 October 22, 2014 A follow-up to the August 2014 Environmental Integrity Project
report describes an even greater potential public health threat from a loophole in the Safe
Drinking Water Act, wherein companies are allowethject other petroleum products
(beyond diesel) without a permit, and many of thesediesel drilling fluids contain
even higher concentrations of the same toxins found in diesel. The authors recommend
that AEPA shoul d r evi ecategoiies of diegal pradiucts thag a n d
require Safe Drinking Water Act permits before they can be injected into oil and gas
wel 1% . o

107 JacksonR. (2014, December 1). Reopen Barnett Shale water pfbleelexas TribundRetrieved from
http://tribtalk.org/2014/12/01/recpdyarnettshalewaterprobe/

108 Kahrilas, G.A. Blotevogel, J., Stewart, B., & Borch T. (2015). Biocides in hydraulic fracturing fluids: a critical
review of their usage, mobility, degradation, and toxiddgvironmental Science & Technolog@,16-32. doi:
10.1021/es503724k

109Board, G. (2014, Novaber 3). September drilling accident contaminated water in Doddridge CoViesy.
Virginia Public BroadcastingRetrieved from http://wvpublic.org/post/depptembedrilling-accident
contaminatedvaterdoddridgecounty

110 5chaeffer, E& Bernhardt, C. 204, Oct ober 22). Frackingo6s toxic |loopho
Project. Retrieved from http://environmentalintegrity.orgegmtent/uploads/FRACKINGSOXIC-

LOOPHOLE.pdf
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1 October 20, 2014 While developing a technique to fingerprint and trace accidental
releases of hydraulic fracturing fluidgsearchers showed that liquid waste from shale
gas fracking operations is chemically different than waste flowing out of conventional
wells. The researchers hypothesized that the hydraulic fracturing process itself liberates
elements from clay minerals the shale formations, including boron and lithium, which
then enter the liquid wasté!

1 October 15, 2014 Four thousand gallons of liquid fracking waste dumped into
Waynesburg sewer system was discovered by sewage treatment plant workers in Greene
County, Pennsylvania. The Department of Environmental Protection surmised that
Asomeone removed a manhole cover in a remo
treatment plant discharges into a creek that feeds the Monongahela River, which provides
drinking waer to more than 800,000 peoplé.

1 October 6, 2014 A state investigation that found no frackirgjated water
contamination in a drinking water well I n
invalidated by testimony presented to the state Environmidetaing Board. Not all
contaminants that were present in the water were reported, and the investigation relied on
obsolete testing methods. More sophisticated testing revealed the presence of several
chemical contaminants in the well water. The well imted 2,800 feet down gradient
from a drilling site and fracking waste pit where multiple spills and leaks more than four
years earlier had contaminated two sprihigs.

1 September 23, 20T74In a twopart audit of records, the U.S. Government Accountability
Office (GAO) found that the EPA is failing to protect U.S. drinking water sources from
frackingrelated activities such as waste disposal via injection wells. Nationwide, 172,000
injection wells accept fracking waste; some are known to have contaminatieidgiri
water. And yet, both shoeterm and longerm monitoring is lax, and recokaeping
varies widely from state to state. The EPA neither mandates nor recommends a fixed list
of chemicals for monitoring on telgi@e grounds
composition and contain different naturally occurring chemicals and fluids used in oil and
gas production depending dfDispobatofdlandgas e o f
waste via injection wells is, in fact, subject to regulation urfteSafe Drinking Water
Act, but, in practice, no one knows exactly what the waste contains, and regulations are
deficient. In the United States, at least two billion gallons of fluids are injected into the

lwarnet N. R., Darrah T. H., Jackson R.B., Millot, R.,Kloppmann W., & VengoshA. (2014). New tracers
identify hydraulic fracturing fluids and accidental releases from oil and gas oper&timin. Sci. Technql
48(21), 1255212560 doi: 10.1021/es5032135

112Hopey, D. (2014, October 15). Waynesburg officials stigate dumping of fracking wastewatBittsburgh
PostGazette Retrieved from http://powersource.pgstzette.com/news/environment/2014/10/15/Waynesburg
investigatesdumpingof-frackingwastewater/stories/201410150056

13 Hopey, D. (2014, October 6). Tambny: obsolete tests tainted shale analyRittssburgh Pos(Gazette Retrieved
from http://powersource.postazette.com/powersource/comparnesversource/2014/10/06/Testime@bsolete
teststaintedshaleanalysis/stories/201410060075

114.S. Government Accountability Office. (2014, September 23). Drinking water: characterization ofiinjecte
fluids associated with oil and gas production. GAMD657R. Retrieved frorhttp://www.gao.gov/products/GAO
14-857R
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groundeach dayto enable oil and gas extractiomVracking or to dispose of liquid waste
from fracking operation§'® 116

1 September 18, 20T4Range Resources was fined a record $4.5 million by the
Pennsylvania Department of Environmental Protection for contaminating groundwater.
The culprits were six lé@ng pits in Washington County that each held millions of
gallons of fracking wastewatét’

1 September 12, 2074A Pennsylvania State ecosystems scientist, togethetJ&hS
scientists, reviewed the current knowledge of the effects of fracking andotsatsed
operations on terrestrial and aquatic ecosystems in 20 shale plays in the U.S. Findings of
species and habitats at highest risk include (in addition tedased examples) vernal
pond inhabitants and stream biota. The research builds on presveess's identifying

Aithree main potential stressors to surface
sedi mentation, and water quality. o Researc

data specifically on the effects of frackingonforéseli ng amphi bi ans,
species breed in vernal ponds which are negatively affected by changes in water quantity
and quality and direct disturbance. Many amphibians are also highly sensitive to road
salts. o Given that t he IlludverSand&reafs tolgedingoot | vy

condition, these r-saledaevelopmentofshalkeaasaurees mighi L a r g
increase these percentages. 0 They expresse

by the cumulative effects of shale developmespecially in Pennsylvant&

1 September 9, 2014 A research team from Stanford and Duke Universities discovered
that fracking wastewater processed by sewage treatment plants contributes to the
formation of carcinogenic chemical byproducts. These mibéic health risks when
downstream surface water is used for drinking. Even when fracking wastewater was
diluted by a factor of 10,000, the bromides and iodides in the waste reacted with organic
matter to create highly toxic halogenated compodratstroublingly high concentrations.
These toxic compounds are not filterable by municipal wastewater treatment plants.
Halogenated disinfection byproducts in drinking water are linked to both colon and
bladder cancers?®

115 5adasivam N. (2014, July 29). Report criticizes EPA oversight of injection, WedlBublica Retrieved from
http://www.propublica.org/article/repecriticizesepaoversightof-injectionwells

1186Y.S. Government Accountability Offic€lune 27, 2014). EPA program to protect underground sources from
injection of fluids associated with oil and gas production needs improvement.18A65. Retrieved from
http://www.gao.gov/products/GAQ4-555

117 Hopey, D. (2014, September 18). Range resmuita pay $4.15M penaltRittsburgh PosGazette Retrieved
from http://www.postgazette.com/local/2014/09/18/DEPdersRangeResourceso-pay-4-million-
fine/stories/201409180293

18 Brittingham, M.C., Maloney, KO., Farag, AM., Harper, DD., & Bowen,Z. H. (2014). Ecological risks of
shale oil and gas development to wildlife, aquatic resources and their hdhitdtenmental Science &
Technology48(19), 1103411047. doi: dx.doi.org/10.1021/es5020482

119 parker, KM., Zeng, T., Harkness, J., Vengogh, & Mitch, W. A. 2014. Enhanced formation of disinfection
byproducts in shale gas wastewatapacted drinking water supplieSnvirormentalScence &

Techndogy, 48(19), 1116111169.doi: 10.1021/es5028184
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1 August 29, 2014 A review of PennsylvaniBepartment of Environmental Protection
files on frackingrelated damage to drinking wadewhich are kept on paper and stored
in regional officed revealed that 243 private water supplies in 22 counties had been
contaminate@r had lost flow and dried up asesult ohearbydrilling and fracking
operations in the past seven years. Pollutants included methane, metals, and salts as well
as carborbased compoundsthylene glycol and-Butoxyethanoljhat areknown to be
constituents of fracking fluid. As reported by figtsburgh PostGazette this tallyd
which came as a response to multiple lawsuits and-ogands requests by media
sourced wast he first time the agencytoihexpl i cit]l
presence of industria™?themicals in drinki

1 August 13, 2014 Over the last decade, drilling companies have repeatedly claimed they
are no longer using diesel fuel in fracking, although a 2011 investigation by U.S. House
Democrats cocluded otherwise. The Environmental Integrity Project examined
disclosure data submitted to FracFocus and identified at least 351 wells in 12 states that
have been fracked over the last four years with one or more of the five prohibited
products identifid as diesel. EIP researchers also discovered numerous fracking fluids
with high diesel content for sale online, including over a dozen products sold by
Halliburton and advertised as additives, friction reducers, emulsifier§2etc.

1 August 13, 2014 An international team of researchers found high levels of carbon
based compounds in liquid fracking waste. These impurities can react with chlorine and
bromine to create toxic byproducts. This study suggests that chemical treatment of liquid
fracking waste wilinagnify its toxic potency, as will reusing and recyclintfitThe
European Commission subsequently published a summary of these fittdings.

1 August 13, 2014 A team from Lawrence Berkeley National Laboratory reported that
scientific efforts to understand the hazards of fracking continue to be hampered by
industry secrecy. A comprehensive examination of the chemical formulations of fracking
fluidd whose precise ingredients are protected as proprietary business infodmation
revealed that no publicly available toxicity or physical chemical information was

120 pennsylvania Department of Environmental Protection. (2014 August 29). Water supply determination letters.
Retrieved from
http://files.dep.state.pa.us/OilGas/BOGM/BOGMPortalFiles/OilGasReports/Determination_Letters/Regional Deter
mination_Letters.pdf

121 egere, L. (2014, September 9). DEP releases updated details on water contamination near drilling sites: some
240 pivate supplies damaged by drilling in the past 7 yaRitssburgh PostGazetteRetrieved from
http://powersource.pogtazette.com/powersource/polippwersource/2014/09/09/DERleasegietailson-water
contamination/stories/201409090010

122 Greene, M. (2014, August 13). Fracking beyond the law: Despite industry denials, investigation reveals
continuel use of diesel in hydraulic fracturing. The Environmental Integrity Project. Retrieved from
http://environmentalintegrity.org/wpontent/uploads/FrackirBeyondthe-Law.pdf

123MaguireBoyle, S.J.,& Barron, A.R. (2014). Organic compounds in produced wafeom shale gas wells.

Environ. Sci.: Processes Impact$, 22372248. doi: 10.1039/C4EM00376D

124 European Commission. (2015, February 19). Chemical composition of fracking wast@saece for

Environment Policy, 40&Retrieved from
http://ec.europa.eu/environment/integration/research/newsalert/pdf/chemical_composition_of_fracking_wastewater_
404na4_en.pdf
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available for onghird of all the fracking chemicals surveyed. Another ten percent of
chemicas, including biocides and corrosion inhibitors, were known to be toxic to
mammals-?> 126

1 August 12, 2014 A Stanford Universityesearchheam working in the Pavillion gas
basin in Wyoming documented that fracking in shallow layers of bedrock, including
those that serve as drinking water aquifers, is not uncommon. This finding overturns the
industry claim that oil and gas deposits targeted by fracking operations are located at
much greater depths than underground drinking water sources and are isolatifnom
by hundreds of feet of impermeable rock. Because it is exempt from provisions of the
Safe Drinking Water Act, fracking in drinking water aquifers is not prohibited by3aw.

1 August 3, 2014 An investigation by th@ittsburgh PostGazettefound that lalf of all
frackingrelated spills that resulted in violations and fines were not discovered by the gas
companies themselves, even though Pennsylvania state law requires themacdtovphp
seek and report such i nci deedstobthousdndseof news p a
state and company documents showed thategitflation in the gas fields is a failure.

Onethird of all spills were discovered by state inspectors, whilesixta were found by
residents. Likely, much contamination is entirely undetand unreportet®

1 July 21, 2014 An investigation by th€olumbus Dispatcehowed that Halliburton
delayed disclosure to federal and state EPA agencies of the full list of chemicals that
spilled into a creek following a fire ane ofits well pad inMonroe County, Ohio.
Although the creek is an important supply of drinking water for downstream communities
and the spill precipitated a mass-di€ of fish and other aquatic wildlife, five full days
passed before EPA officials were provided a full ineenof chemicals used at
Hal l i burtonés operation. As a result, the
chemical exposures?®

1 July 17, 2014 A team of environmental scientists, biologists, and engineers, from
institutions including the University of idhigan and McGill University, assessed the
current state of understanding of the impact fracking and its associated activities have on
the ecological health of surface waters. Though various approaches such as geographic

125 Stringfellow, W.T., Domen, JK., Carmarillo, M.K., Sandelin, WL., Tinnacher, R., Jordan, P., . Birkholzer,

J. (August 132014). Characterizing compounds used in hydraulic fracturing: a necessary step for understanding
environmental impacts. Presentation before the American Chemical Society conference, San Francisco. Abstract
retrieved fromhttp://abstracts.acs.org/chem/2&program/view.php?obj_id=262051&terms=

126 Robinson, P. (2014, August 19). Fracking fluid survey shows missing informatintific American.

Retrieved fromhttp://www.scientificamerican.com/article/frackifiuid -surveyshowsmissinginformation/

127 Banerjee, N. (2014, August 12). Oil companies fracking drtnking water sources, new research firas

Angeles TimeRetrieved fromhttp://www.latimes.com/nationAaafracking-groundwateipavilion-20140811
story.html#page=1

128 Hamill, S.D. (2014, August 3). Drillers did not report half of spills that led to fiRégsburgh PostGazette

Retrieved from http://www.pogiazette.com/news/state/2014/08/03/Drilidig-not-reporthalf-of-spills-that-led-
to-fines/stories/201408020142

129 Arenschield, L. (2014, July 21). Halliburton delayed releasing details on fracking chemicals after Monroe County
spill. The Columbus DispatciRetrieved fronhttp://www.dispatch.com/content/stories/local/2014/07/21/deteils
chemicalstrickle-in-after-spill.html
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information systems and site masrihg provide insights into potential risks to aquatic
ecosystems, the authors concluded that inadequate data currently exist. They identified
possi ble outcomes such as, fAerosion and se
ecosystems from chemical spitis runoff, habitat fragmentation, loss of stream riparian

zones, altered biogeochemical cycling, and reduction of available surface and hyporheic

water volumes because of withdrawah d uced | owering of?®¥ ocal g

1 July 7, 2014 California Department of Gas, Oil, and Geothermal Resources ordered
seven energy companies to stop injecting liquid fracking waste into aquifers. The
ongoing drought that has compelled farmers to supplement irrigation with water drawn
from groundwater sources prompted state officials to look at the status of aquifers
previously considered too deep for use or too poor in quality. They discovered that at
least seven injection wells were very likely pumping liquid fracking waste into protected
groundwater supplies rather than aquifers that had been sacrificed for the purpose of
waste disposal. Across the United States, more than 1000 aquifers are exempt from any
type of pollution protection at all, and many of these are in California, accorliag t
relatedProPublicainvestigationt3!

1 June 25, 2014 A study by Cornell University researchéosind thatfracking fluid and
frackingwastewatemobilizedpreviously deposited chemical contaminantsoil
particles in ways that could potentially exdisgetheimpacts offracking fluid spills or
leaks.The research team concluded that, by interfering with the ability of soil to bond to
and sequester pollutants such as heavy métatking fluidsmay release froraoils an
additionalrepositoryof contaminantsthat could migrate into groundwate?

1 June 23, 2014 Building on earlier findings that water samples collected from sites with
confirmedfracking spills in Garfield County, Coloradxhibitedmoderate to high levels
of estrogen and androgelsrypting activity, a University of Missouteamextended
their investigatiorto other types ofiormonal effects. Aseported af joint meeting of the
International Society of Endocrinology and the Endocrine Society, their research
documentedhat commonly sed fracking chemicals can also block the receptors for
thyroid hormone, progesterone, and glucocorticoids (a family of hormones involved in
both fertility and immune functioningDf 24 fracking chemicals tested, all 24 interfered
with the activity of oner more important hormone receptors. There is no known safe
level of exposure to hormordisrupting chemicals®®

B0Burton Jr., GA,, Basu, N., Ellis, BR., Kapo, K.E., Entrekin, S& Nadelhoffer, K. (2014). Hydraulic
fifracki ng ovateranpacts anedical coacern?Environmental Toxicology and Chemist8j(8),
16791689.

Bl Lustgarten, A. (2014, July 18). California halts injects of fracking waste, warning it may be contaminating
aquifers.ProPublica.Retrieved fromhttp://www.propublica.org/article/ehaltsinjectionfrackingwastewarning
may-be-contaminatinepquifers

13235ang, W., Stoof, C., Zhang, W., Morales, V., Gao, B., Ry, . . Steenhuis, T2014).Effect of hydrofracking
fluid oncolloid transport in theinsaturatedone.Environmental Science & Technolody(14),8266 8274
Retrieved from http://pubs.acs.org/doi/abs/10.1021/es501441e

133 The Endocrine Society (2014). Hormedisrupting activity of fracking chemicals worse than initially found.
Science DailyJune 23, 2014 Retrieved from:
http://www.sciencedaily.com/releases/2014/06/140623103939.htm?utm_source=feedburner&utm_medium=email&
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1 May 11, 2014 According to the U.SGovernment Accountability Officehefederal
governments failing to inspect thousands of oil and gaslilocated on public land,
including those that pose special risksvafter contaminatioor other environmental
damageAn investigation by théssociated Predsund that the Bureau of Land
Ma n a g e had faiked téiconduct inspections on more thaf@df the 3,702 wells
that it had specified akigh prioritydand drilled from 2009 through 2012. The agency
considers a welhigh prioritypbased on a greater need to protect against possible water
contamination and other environmental safety isstiés.

1 May 4, 2012 A report for the Canadian Government, released under the Access to
Information Act, reviewed the process, the regulatory framework glolaaitythe
patentialhealth hazards related $bale gas extraction. Additionally, the repewaluated
mechanism$or potential impacts and summarized the data knowledge and data gaps.
Regarding water contamination, the report
lacking, the qualitative data available indicate that potential contamination of water
related to the shale gas industry may present hazard to the public health, especially for
| ocal p oRegaldiagtair acomtammation:ai r emi ssions related
industry present health hazards since the air pollutants originating froratioées and
engines fuelled by diesel are toxic to the respiratory and cardiovascular systems and can
cause premature mortality, volatile organic compounds have been associated to
neurotoxicity and some of these compounds (e.g. benzene) as well as N@Rdvisvan
or possible human carcinogens. o0 The report
exploration/exploitation may represent a potential source of drinking water and air
contamination; Hydraulic fracturing and wastewater disposal were identified as the mai
potential $®urces of risk.o

1 March 25, 2014 An industryfunded study of oil and gas well integrfgund that more
than six percent of wells in a major shale exploration region in Pennsysraowsed
evidence of leakingnd conceded thdhis numberis likely anunderestimate.
Researchersoncluded thathe percentage of wellgith some form of well barrier or
integrity failure is highly variabland could be as high &5 percent A separate analysis
in the same study fourtb examples ofement or csing failures ilPennsylvania wells
monitored between 2008 and 204

1 March 7, 2014 In a comprehensive evaluation, Duke University scientists and
colleagues reviewed tletate of knowledge on possible effects of shale gas and hydraulic

utm_campaign=Feed%3A+sciencedaily%2Ftop_news%2Ftop_health+%28ScienceDaily%3A+Top+Health+News%
29

34yen, H. (2014, May 11). Fed govt failed to inspect higher risk oil waksociated Pres®Retrieved from
http://bigstory.ap.org/article/fedovt-failed-inspect-higherrisk-oil-wells

5L ouis, S. (2012, May 4). Potential health hazards from shale gas exploration and expl@tatking water and
ambient air. Presented to Health Canada by SANEXEN Environmental Services; 0/Reft4 FATIocument

released undehe (Canadian) Access to Information Act.

6 Davies, R. J., Almond, S., Ward, R. S., Jackson, R. B., Adams, C., Worrall, Whitehead, M. A. (2014). Oil

and gas wells and their integrity: Implications for shale and unconventional resource esplditatine and

Petroleum Geologyg6, 239254. doi: 10.1016/j.marpetge0.2014.03.001

42



fracturingonwat er resources i n t heAnadysisiofpahlishedt at e s

data (through January 2014) reveals evidence for stray gas contamination,\satéice
impacts in areas of intensive shale gas development, and the accumulation of radium
isotopedn some disposal and spditeso™’

1 February 19, 201# A Pennsylvaniaourt found ayascorporationguilty of
contaminating a womasdrinking water wellin Bradford CountyMethane levels after
fracking werel,300 to 2,00@meshigherthanbaseline according to the court brief. Iron
levels and turbidity had also increas&te brief statedfiin short, Jacqueline Place lived
for ten months deprived totally of the use of her well, and even afteestoratiomhhas
been burdened with a water supplith chronic contamination, requiring constant
vigilance and ongoing monitoring3®

1 January 16, 2014 Data from the Colorado Oil and G@snservatiorCommission
showedthatfrackingrelated chemical spillsn Coloradoexceed an average ratecofe
spill perday. Of the495chemical spillghat occurred in that state over a gmar period
of time, nearly a quarter impacted ground or surface water.-Bix¢e of the spills
spread within 1,500 feet of pigs, sheapd cows225spread withirnl,500 feebf
buildings3®

1 January 10, 2014 Duke University water tests revediongoing water contamination in
Parker CountyTexas providing evidence thahe EPA hadprematurely ended ifsrior
investigation into the water contaminatiffi A letter sent to the EPfom more than
200 environmental organizations called on the agencydpea its investigatioff:!

1 January 5, 2014 An Associated Press investigation imhonking water contamination
from fracking in four statés Pennsylvania, Ohio, West Virginiand Texa8 found
many cases of confirmed water contamination and hundreds more compla@ts.
Associated Press noted that themalysisficasts doubt on industry view that it rarely
happengt42

B7Vengosh, A., Jackson, R. B., Warner, N., Darrah, T. HKKofdash, A. (2014). A critical review of the risks to
water resources from unconventional shale gas development and hydraulic fracturing in the United States [Abstract].
Environmental Science & Technologloi: 10.1021/es405118y

138 Gibbons, B. (2014, Febany 19). Woman wins case against Chesapeake Jaqueline Place of Terry Township to
receive compensation for well contaminatidhedailyreview.comRetrieved from
http://thedailyreview.com/news/womavins-caseagainsichesapeakgquelineplaceof-terry-township-to-receive
compensatioffor-well-contaminationl. 1636832

B9 Tomasic, J. (2014, January 16). Colorado drilling data: More than a spill alagolorado Independent
Retrieved from http://www.coloradoindependent.com/145629/coledsitiimg -datamorethana-spill-a-day

149 Drajem, M. (2014, January 9). Duke fracking tests reveal dangers driller's data iBiesetberg Retrieved

from http://www.bloomberg.com/news/20:04-10/epas-relianceon-driller-datafor-waterirks-homeowners.html

141 Drajem, M. (2014January 27). EPA needs fracking review: 'Gasland' maker, environmenBibstsiberg
Retrieved from http://go.bloomberg.com/politicapital/201401-27/epaneedsfrackingreview-gaslandproducer
environmentalistsay/.

142Begos, K. (2014, January 03) states confirm water pollution from drillingSA TodayRetrieved from
http://www.usatoday.com/story/money/business/2014/01/05/statesconfirm-waterpollution-from-
drilling/4328859/
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1 December 24, 2018 A report from theEPA Inspector Generabncluded that evidence
of frackingrelated water contamination in Parker County, Texas was sound and faulted
theEPAfor prematurely enidg its investigatiorthere relying on faulty water testing
data from the gas industry in doing smd failure tantervene when affected residedts
drinking wateremainedunsafe'“® As reported byBusiness Insider Theé EPA Screwed
Up When It Dropped This Fracking Investigatiofy*

1 December 16, 2018 Lead by Susan Nagel tfe University of Missouri School of
Medicing researchers documented endocdisupting properties in chemicals
commonly used as ingredients of fracking fluid and found similar endedisnepting
activity in groundwater and surface water samples collected near drilling and fracking
sites in Garfild County, Colorado. Endocrine disruptors are chemicals that interfere with
the activity of hormones in the body and, at very low concentrations, can raise the risk of
reproductive, metabolic, and neurological disorders, especially when exposures occur in
early life 145146 147

1 December 7, 2018 Reporting on the second gas leak at a single gas watlemonth,
the Fort WorthStarTelegramuncoveredanotherinherentrisk of fracking for
groundwater contamination: Silica sand, which is used as an ingredfesatking fluid
for its ability to prop open the shale fractures, can damage steel pipes as it flows back up
the well along with the gas. According@an Hill, head of the petroleum engineering
department at Texas A&M University, new wells are the mosteptible to sand erosion
becausdithe amount of sand and gas rushing through valves and flow lines is at its
greatest when a well first goes into producidh.

1 November 28, 2018 An Associated Press investigationcoverechearly 300 oll
pipeline sils in North Dakota in the previous ten month# with no public notification.
Thesewereamong some 75fil field incident® thathadoccurredn the statever the
same time period, alseithout public notificationUntil the AP inquiry, industry and
state officials had kept quiet about one particilaassive spib that had been
accidentallydiscovered by a wheat farméiven smalbpills can contaminatevater
sourcegpermanenthand take cropland out of productitf.

143 Banjeree, N. (2013, December 24). EPA report on fracking in Traisss new concernsos Angeles Times
Retrieved from http://www.latimes.com/natiorflaepafracking20131225,0,6042944..story#ixzz20VBIFXVY
144 Miedema, D. (2013, December 25). The EPA screwed up when it dropped this fracking investygsiioess
Insider. Retrieved from http://www.businessinsider.comtegtcized-for-droppingfracking-investigation201312
5 Kassotis, C. D., Tillitt, D. E., Davis, J. W., Hormann, A. M., & Nagel, S. C. (2013). Estrogen and androgen
receptor activities of hydraulic fcturing chemicals and surface and ground water in a dritlergse region.
Endocrinology doi: 10.1210/en.2013697

146 Banerjee, N. (2013, December 16). Hormali® upting chemicals found in water at fracking sitess Angeles
Times Retrieved from http:éfticles.latimes.com/2013/dec/16/sciencefafracking-health20131217

147 Endocrine Society. (2013, December 16). Fracking chemicals disrupt hormone function. ScienceDaily. Retrieved
from www.sciencedaily.com/releases/2013/12/131216140428.htm

M8 Hirst, C.,& Fuquay, J. (2013, December 7). Second leak reported at east Fort Worth gas v@itisitelegram
Retrieved from http://www.staelegram.com/2013/12/07/5399740/secteak-reportedat-eastfort.html?rh=1

149 MacPherson, J. (2013, October 28). Neafl9 ipeline spills in North Dakota have gone unreported to the
public since January 201Ruffington PostRetrieved from http://www.huffingtonpost.com/2013/10/28/pipeline
spills-north-dakota_n_4170133.html?ncid=edlinkusaolp00000003
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1 November 26, 201B A USGSreport bundserious impactsf fracking onwatersheds
andwater qualitythroughouthe Appalachian Basin, as well as issues with radiation and
seismic events. As noted in the reptire knowledge of how extraction affects water
resources has not keptgeawith the technolog?® °* Meanwhile, clean fresh water is
becoming an increasingly scant resourceeportprepared fothe U.S. State Department
forecasts serious freshwater shortage by 2030, witthaldemand exceeding supply by
40 percent>?

1 Novenber 22, 2013 A USGSstudyof pollution from oil production in North Dakata
where horizontal drilling and hydraulic fracturiage heavily useddentified two
potential plumes ojroundwatecontamination covering 12 square mil€ke cause was
traced 0 a casing failure in a wastewater disposal well. Drilling companies had
incorrectly assumed that, once injected underground, the wastewater would remain
contained. According tBnergyWire the development of the Bakken oil formatien
fleaving behind ammprint on the land as distinct as the ones left by the receding ice
sheets of the ice agé>?

1 September 10, 20I3Pennsylvania Attorney General Kathleen Kane filed criminal
charges against Exxon Mobil Corporaaionos
spill of 50,000 gallons of toxic drilling wastewater in 2010 that contaminated a spring
and a tributary of the Susquehanna River. In July, XTO settled civil charges for the
incident without admitting liability by agreeing to pay a $100,000 fine andowepits
wastewater managemehit.

1 September 10,20130ut of concern for risks posed to
capital, George Hawkins, Gener al Manager o
provider, called for a prohibition on horizontal drity and hydraulic fracturing in the
George Washington National Forest until the process can be proveér°Jdfe.Potomac

River is the source of the Districtés wate
Washington National Forest, which sits atop the Marcellus Shale. The general managers

150 Kappel, W.M., Williams, J.H., & Szabo, Z. (2013). Water resources and shale gas/oil production in the
Appalachian Basin Critical issues and evolving developmertisS. Geological Surveyetrieved from
http://pubs.usgs.gov/of/2013/1137/pdf/ofr201B37.pdf

151 Mall, A. (2013, November 26). New USGS analysis: Threats to water, wildlife, and health from oil and gas
development in the Appalachian basin [Web log post]. Retrieved from
http://switchboard.nrdc.org/blogs/amall/new_usgs_analysis.html

152 National Intelligence Couail. (2012, February 2)Global Water Securityintelligence Community Assessment,
(ICA 201208). Retrieved from

http://www.dni.gov/files/documents/Sgats20Report ICA%20Global%20Water%20Security.pdf
153vaidyanathan, G. (2013, November 22). Bakken shale: As oil production sets in, pollution starts to-migrate
scientistsE&E Publishing, LLC Retrieved from http://www.eenews.net/stories/1059990892

54 Maykuth, A. (2013, September 13). Shale criminal charges stun drilling indBsitly.com Retrieved from
http://articles.philly.com/201:89-13/news/42012429 1 xenergyinc-criminatchargesattorneygeneral

15| etter from George Hawkins, General Manade€ Water, to U.S. Secretary of Agriculture, Thomas Vilsack,
(Sept. 10, 2013http://www.washintpncitypaper.com/blogs/housingcomplex/2013/09/2dterchief-urges
agriculturesecretarynot-to-allow-fracking-neard-c/
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of Fairfax Water, provider of drinking water for Fairfax County, YArg, and the U.S.
Army Corps of Engineers have called for a similar prohibitiSn.

1 September 3, 2013The North Dakota Department of Mineral Resourgegedconcern
about an increasing numberfadicking wellblowouts (23 incidents in the past year)ttha
result in spills and public safety thre4ts.

1 August 28, 2013 A joint USGS andJ.S. Fish and Wildlife Service studipcumented a
causal link betweea fracking wastewater spaind thewidespread death of fish the

Acorn Fork, a creek iKentucky?!®®

1 July 25, 2013 A University of Texas at Arlington study of drinking water found
elevated levels of arsenic and other heavy metals in some samples from private drinking
water wells located withifive kilometersof active natural gas wella the Barnett
Shalg!®®

1 July 3, 2013 ProPublicareported thathe EPAwas wrong to have halted its
investigation ofvater contamination in Wyoming, Texas and Pennsylamiaere high
levels ofbenzene, methane, arsenic, oil, methane, coppeaivem and othechemicas
associated witfrackingoperations have been document®ithough numerous
organizations and health professionals around the country have since called on the agency
to resume its investigation, no action has been taken.

1 June6, 2013 Reviewing hundrends of regulatory and legal filinggomberg News
reported that drillers have offered enftcourt cash settlements and property buyouts to
homeowners who claim that fracking ruined their water. These agreements typically
come wth gag orders and sealed records. This strategy, the investigation noted, allows
the industry to continue claiming that no cases of water contamination due to fracking
have ever been confirmed, impedes public health research, and shields data from
regulabrs, policy makers, and the new metfiaThe EPA also longgonoted how non
disclosure agreemernitgtween oil and gas operators and landowcteaienge scientific
progress and keeexamples of drilling harm sest from the public. In a 1987 report, the

6 Wiener, A. (2013, September 20). DC Water Chief urges Agriculture Secretary not to allow fracking near D.C.
Washington City PapeRetrieved from
http://mwww.washingtoncitypaper.com/blogs/housingcomplex/2013/09/20&derchief-urgesagriculture
secretarynot-to-allow-fracking-neard-c/

157 Sun Staff. (2013, September 3). More blowouts a concern forTh®Jamestown SuRetrievedrom
http://www.jamestownsun.com/content/mdrewoutsconcerand

18 papoulias, D., & MacKenzie, T. (2013, August 28). Hydraulic fracturing fluids likely harmed threatened
Kentucky fish specie$)SGS NewsroonRetrieved from http://www.usgs.gov/newsroonitdetasp?ID=3677

9 Fontenot, B. E., Hunt, L. R., Hildenbrand, Z. CarltonJr., D. D., Oka, H., Walton, J. L., .Schug, K. A.

(2013). Anevaluation ofwaterquality in private drinking waterwells nearnaturalgasextractionsites in the Barnett
Shak formation.Environmental Science & Technology(17), 1003210040. doi: 10.1021/es4011724
®WLustgarten, A. (2013, July 3). EPAOs alPaPubdicaned Wy o mi n
Retrieved from http://www.propublica.org/article/efsamonedwyomingfracking studyoneretreatof-many

161 Efstathiou, J., Jr., & Drajem, M. (2013, June 5). Drillglsncefrackingclaimswith sealedsettlements.

Bloomberg Retrieved from http://www.bloomberg.com/news/2@E06/drillerssilencefrackingclaims-with-
sealedsettlements.html
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EPA wrote, filn some cases, even the records of \wallicized damage incidents are
almost entirely unavailable for review. In addition to concealing the nature and size of
any settlement entered into between the parties, impoundment curtails accessitic scien
and administrative documentation of the incid@ft

1 June 3, 2013 A study byDuke Universityresearcherknked fracking with elevated
levels of methane, ethane, and propane in nearby ground#Rahlished in
Proceedings of the National AcadenfySaiencesthe studyincluded results from 141
northeastern Pennsylvania water wdllethandevels wergon averagesix timeshigher
in drinking water wells closer to drilling sitashencompared with those farther away
while ethanavas 23 times highe®*

1 May 19, 2013 In Pennsylvania, thBcranton Timedribunereleased details of an
investigation that revealed at least 161 cases of water contamination from fracking
between 2008 and the fall of 20H2z,cording to statBepartment of Environmental
Protection record¥®

1 April 20137 Researchers analyzing publicly available Colorado data found 77 surface
spills impacting groundwater in Weld County alone. Samples of these spills often
exceeded drinking water maximum contaanmit levels (MCLs) fobenzene, toluene,
ethylbenzene and xylene; for benzene, a known carcinogen, 90% of the samples exceeded
the legal limit®®

1 March 4, 2013 Researchers at théniversity of Pittsburgh Graduate School of Public
Health analyzed sam@ef gas drilling wastewatelischarged to surface wathrough
wastewater treatment planBarium, strontium, bromideshlorides, and benzerdi
exceededevels known to cause human health imp&tts

1 December 9, 2010 State data in @orado showdmore than 350 instances of
groundwater contamination resulting from more than 2,000 $milts oil and gas
operationover the past five yearBurther, as th®enver Post e p o rCon¢achinatiai

162 Environmental Protection Agency. (198Report to Congress: Management of wastes from the exploration,
development, and production of crude oil, natural gas, and geothermal gifpy). 137138. Washington, D.C.:

U.S. Ehvironmental Protection Agency.

163 Jackson, R. B., Vengosh, A., Darrah, T. H., Warner, N. R., Down, A., Poreda, R.Kayr, J. D. (2013).

Increased stray gas abundance in a subset of drinking water wells near Marcellus shale gas éxtoaetalings

of the National Academy of Scienc&$0(28), 1125(1255. doi: 10.1073/pnas.1221635110

164 CBS/AP. (2013, June 25). Methane found in Pa. drinking water near fracked@@fisNewsRetrieved from
http://www.cbsnews.com/news/methafioeind-in-pa-drinking-waternearfrackedwells/

185 egere, L. (2013, May 19). Sunday Times review of DEP drilling records reveals water damage, murky testing
methodsThe TimesTribune Retrieved from http://thetimasibune.com/news/sundaimesreview-of-dep
drilling-recordsrevealswaterdamagemurky-testingmethodsl.1491547

166 Gross, S. A., Avens, H. J., Banducci, A. M., Sahmel, J., Panko, J. M., & Tvermoes, B. E. (2013). Analysis of
BTEX groundwater concentrations from surface spills associated with hydrauligifigaperationsJournal of

the Air & Waste Management AssociatiéB(4), 424432. doi: 10.1080/10962247.2012.759166

187 Ferrar, K. J., Michanowicz, D. R., Christen, C. L., Mulcahy, N., Malone, S. L., & Sharma, R. K. (2013).
Assessment of effluent contamimia from three facilities discharging Marcellus shale wastewater to surface waters
in PennsylvaniaEnvironmental Science & Technology(7), 34723481. doi: 10.1021/es301411q
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of groundwated along with air emissions, truck traffic andasnged landscap&shas
spurred public concerns about drilling along Colofadéront Rangeé!®®

1 May 2012 A reportby researchers at Natural Resources Defense Council and Carnegie
Mellon Universityfoundthat the options available for dealing with fracking wastewater
are inadequate to protect public health and the environnesutfing inincreasing
quantities of toxic wastewater as an ongoing problem without a good sdfttion.

1 January 11, 2012 The USGS reportedhat the Marcellus Shale &readyhighly
fracturedand that numerous fissures naturally occurring within the formation could
potentiallyprovide pathways for contaminants to migrate vertically into water
supplies'’®

1 October 25, 2011 After receiving new information from two companies, members of
Congress updated their findings to show th
service companies injected 32.7 million gallons of diesel fuel or hydraulic fracturing
fluids containing diesel fueliwe | 1 s i nt20 st ates. 0

1 October 17, 2011 Thomas P. Jacobus, General Manager of the U.S. Army Corps of
Engi neer so6 Wa s halled fprtagnohibiian erehdrizantal hydraulic
fracturing in the George Washington National Forest because of cahaéfracking
poses risks to drinking water. The Washington Aquetiwdtich providesdrinking
water to Washington, DC, Arlington County, Virginia, and Falls Church, Virginsa
supplied bythe Potomac River, which has its headwaters in the George Washington

Nati onal Forest that sits atop the Marcell
technique [hydraulic fracturing] has been published to give us great cause for concern
about the potential for degradat4d on of the

1 October 11, 2011 Charles M. Murray, General Manager of Fairfax Water, called for a
prohibition on horizontal hydraulic fracturing in the George Washington National Forest.
ANatur al gas development activitiedtyhave t
of Fairfax Waterdés source water, o0 Murray w

168 Finley, B. (2012, December 9). Drilling spills reaching Colorado groundwsttetie mulls test ruleShe Denver
Post Retrieved from http://www.denverpost.com/environment/ci_22154751/dr8lpilts-reachingcolorade
groundwatesstatemulls-test#ixzz2EihHU2fg

%9 Hammer, R. & VanBriesen, J. (2012, May)n f r ac ki n g 0 sare wesded to prdteetwur nealth and
environment from contaminated wastewdfep.).Natural Resources Defense CounRietrieved from
http://www.nrdc.org/energy/files/frackingastewatefullreport.pdf

170U.S. Geological Survey, New York Water Sciencen€e (2012, January 11omments on the revised draft
supplemental generic environmental impact statenfBeip.). Retrieved from
http://www.ewg.org/sites/default/files/report/ReviseddraftSGEIS _USGScomments_Version3_0.pdf
"IWaxman, HA., Markey, E. J.& DeGette D. (2011, October 25Committee on Energy & Commer@e.S.A.,
Congress, Committee on Eggr& Commerce). Retrieveflom
http://democrats.energycommerce.house.gov/index.php?g=news@@psgmnmarkeyanddegettereportupdated
hydraulicfracturingstatisticsto-epa

172 Jacobus, T. P. (2012, April 25). Draft environmental impacesiznt for the George Washington National
Foreg [Letter written October 17, 2011 to K. Landgraf]. Retrieved, from
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5366331.pdf
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consumers will bear the economic burden if drinking water sources are contaminated or
the quality of our s olfFairfax Watartpevidesdinking! v i s
water for Fairfax County in Virginia.

1 September 7, 201ilIn its draftSupplemental Generic Environmental Impact Statement
(SGEIS), the New York State Department of Environmental Conservation (NYS DEC)
acknowledgedhatfithere is questionable availalapacity'’*for New Yorks public
sewage treatment plants to accept drilling wastewater, yet the agggddirat itwould
allow those facilities to acceptich wastéf the plants meet permitting conditiohS.The
NYS DECproposed underground injection@e alternativeéo sewage treatment
procession of fracking waste. Although it is a commuwthod of disposdbr fracking
wastewatet/® the last significant government study of pollution risks from oil and gas
wastewater injection wells occurred in 1989 &mehd multiple cases of costly
groundwater contaminationl’ In subsequent years, studies have continued to link
underground injection of drilling wastewater to pollution as well as earthgtidkes.

1 September 2011 A team led by Theo Colburn of The EndocrDisruptor Exchange
found that 25 percent of chemicals known to be used in fracking fluids are implicated in
cancer, 37 percent could disrupt the endocrine systed0 to 50 percent could cause
nervous, immune and cardiovascular system probléhesresarch team also found that
more than 75 percent could affect the skin, eged respiratory system, resulting in
variousproblemssuch askin and eye irritation or flike symptoms-"

1 August 4, 2011 As reported byheNew York Timegshe EPA had alertd Congressn
1987 about a case of water contamination caused by fracking. Its report documented that

18 Murray, C. M. (n.d.). Draft environmental impact staent for the George Washington National Forest [Letter
written Ocbber 11, 2013 to K. Landgraf]. Retrieved from http://www.svnva.orggamtent/uploads/fairfawash
aquaducgwnf-comments.pdf

174 New York State Department of Environmental Conservation. (2&Ljplemental generic environmental
impact statement on the ajlas and solution mining regulatory program, well permit issuance for horizontal
drilling and highvolume hydraulic fracturing to develop the Marcellus shale and othepknmeability gas
reservoirs(6-62, Rep.).

175 New York State Department of Environmah€onservation. (2011%upplemental generic environmental
impact statement on the oil, gas and solution mining regulatory program, well permit issuance for horizontal
drilling and high-volume hydraulic fracturing to develop the Marcellus shale and dtivepermeability gas
reservoirs(6-57 through €63, Rep.).

176 New York State Department of Environmental Conservation. (2&Lplemental generic environmental
impact statement on the oil, gas and solution mining regulatory program, well permit issaahoeZontal

drilling and high-volume hydraulic fracturing to develop the Marcellus shale and othepknmeability gas
reservoirs(6-64, Rep.).

7 United States Government Accountability Office. (1989, July 5). Drinking water: Safeguards are notmgeventi
contamination from injected oil and gas wastes. Retrieved from http://www.gao.gov/productsdReED

18 Fountain, H. (2012, January 1). Disposal halted at well after new quake inThaNew York TimesRetrieved
from http://www.nytimes.com/2012/01/¢ience/earth/youngstownjectionrwell-staysshutafter
earthquake.html

179 Colborn, T., Kwiatkowski, C., Schultz, K., & Bachran, M. (2011). Natgesoperations from g@ublic health
perspectiveHuman and Ecological Risk Assessment: An Internationahddul 7(5), 10391056. doi:
10.1080/10807039.2011.605662
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ashale gas well hydraulically fractured at a depth of more than 4,200 feet contaminated a
water supply only 400 feet from the surfaf@!e® 182

1 May 17,20111 The state of Pennsylvania fined Chesapeake Energy Corporation
$900,000 for an incident in which improper cementing and casing in one of the
companyo6s gas wells all owed methane to mig
private drinking water wells iBradford County-83

1 May 17, 2013 A Duke Universitystudg ocument ed fAsystematic evi
contamination of drinking wat®Thesmdysoci at ed
showedthat methane levelgerel? times higher in water wells neduilling sitesthan in
water wells in areas without active drilliAgp

1 April 18, 2011i As part of a yeatong investigation into hydraulic fracturing and its
potential impact on water quality, U.S. Representatives Henry Waxm&alD),
Edward Markey (BMass.) and Diana DeGette {Dolo.) released the second of two
reports issued in 2011. Their analysis of hydraulic fracturing fluids used by the 14
leading oil and natural gas service companies between 2005 and 2009 found, among
other things, that the compas used more than 650 different products that contained
chemicals that are known or possible human carcinogens, regulated under the Safe
Drinking Water Act, or listed as hazardous air pollutants under the Clean Air Act. The
report al so smha0beard 2609 the comiphnes used &4 million gallons
of 279 products that contained at least one chemical or component that the manufacturers

deemed proprietary or a trade secret € in
not have accesstopropet ary i nf ormati on about product s
from chemical suppliers. In these cases, the companies are injecting fluids containing
chemicals that they ¥Thesefhdingswers remodedtileot i den
New York Time&’

80 Urbina, I. (2011, August 4). A tainted water well, and concern there may be more. Retrieved from
http://www.nytimes.com/2011/08/04/us/04natgas.html

181U.S. Environmental Protection Agency. (198Rgport to Congress: Management of wastes from the
exploration, development, and production of crude oil, natural gas, and geothermal éRepgy 422, 423.
Retrievedfrom http://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=20012D4P.PDF

182 Horwitt, D. (2011, Augus3). Cracks in the facadEnvironmental Working GroupRetrieved from
http://www.ewg.org/research/crackazade

183 evy, M. (2011, May 18). DEP fines Chesapeake $1 millRnessconnects.carRetrieved from
http://www.pressconnects.com/viewart/20110517/NEWS01/105170345fiDEFChesapeaké-million

184 0Osborn, SG., Vengosh, A., Warner, NR. & Jackson, RB. (2011).Methane contamination of drinking water
accompanying gawell drilling and hydraulic fracturig. Proceedings of the National Academy of Scienb@3,
81728176.doi: 10.1073/pnas.1100682108

185 Duke University. (2011). Methane levels 17 times higher in water wells near hydrofracking sites, study finds.
ScienceDailyRetrieved from http://www.sciencedaily.com/releases/2011/05/110509151234.htm

86 Waxman, H. A., Markey, E. J., & DeGette, D. (2011yiAp8). Committee on Energy & Commerce (U.S.A.,
Congress, Committee on Energy & Commerce). Retrieved from
http://democrats.energycommerce.house.gov/sites/default/files/documents/HyBraatioringChemicals2011-4-
18.pdf

187 Urbina, 1. (2011 April 17). Chemicals Were Injected Into Wells, Report Sdy®New York TimesRetrieved
from http://www.nytimes.com/2011/04/17/science/earth/17gas.html
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January 2011 A team of scientistied by a University of Central Arkansas researcher

called attention to the threat posed to surface waters by rapidly expanding shale gas
devel opment, noting a | ack of dataellsol |l ect
are often close to surface waters that could be impacted by elevated sediment runoff from
pipelines and roads, alteration of stream flow as a result of water extraction, and
contamination from introduced®chemicals or

1 April 29, 20101 In 2010, the Colorado Oil and Gas Conservation Commission fined
Occidental Petroleum CorporatiodXY) USA a record $390,000 for an incident of
pollution, discovered in 2008, when its drilling wastes leaked through an unlined pit,
contaminagd two springs with benzeyend polluted other nearby water sourdes.
addition the regulators separately fined OXY USA $257,400 for a nearby case of
pollution, also discovered in 2008, in which a torn liner in a pit caused drilling waste
fluids to leakoutand contaminate two springs with benzéfie.

1 April 22, 20117 Describing one of many blowouts, the Associated Press reporged on
shale gasvell in CantonPennsylvania thatpewedhousands of gallons achemical
laced wateon farmland and into a stamfor two consecutivelaysbefore being brought
under contral*®

1 January 31, 2011 As part of a yeatong investigation into hydraulic fracturing and its
potential impact on water quality).S. Representatives Henry Waxman@alif.),
Edward Markey (DMass.) and Diana DeGette{®o | o. ) reported that i
and 2009, oil and gas service companies injected 32.2 million gallons of diesel fuel or
hydraulic fracturing fluids containing diee | f u e | i n fuethetmsre,i n 19 st
revealing apparent widespread violation of the Safe Drinking Water Act, the investigation
found that no oil and gas service companies had séuwyid no state or federal
regulators had issuddpermits for the usef diesel fuel in hydraulic fracturinty!

1 June 5, 2009 A leakingpipe carryingracking waste in Washington County,
Pennsylvaniapolluted a tributary of Cross Creek Lake, killing fish, salamanders,
crayfish and aquatic insect life in approximately thigearters of a mile of the stredfs.

188 Entrekin, S., EvansVhite, M., Johnson, B., & Hagenbuch, E. (2011). Rapid expansion of natural gas
developmenposes a threat to surface waténmntiers in Ecology and the Environmef(9), 503511. doi:
10.1890/110053

189Webb, D. (2010, April 29). Record fine, second one against Oxy appr@vadd Junction SentineRetrieved
from http://www.gjsentinel.com/nevarticles/recorefine-secondone-againstoxy-approved

190The Associated Press. (2011, April 22). Crews stop flow of drilling fluid from PennsylvanisSyetuse.com
Retrieved from http://www.syracuse.com/news/index.ssf/2011/04/crews_stop_flow_ofgdfilkitml
¥lWwaxman, H. A., Markey, E. J., & DeGette, D. (2011, JanuaryGdmmittee on Energy & Commer@e.S.A.,
Congress, Committee on EnergyGmmerce). Retrieved from
http://democrats.energycommerce.house.gov/index.php?qg=news/waxankeyanddegetteinvestigationfinds-
continueduseof-diesetlin-hydraulicfracturingf

92 pittsburgh PosGazette. (2009, June 5). Waste from Marcellus shaléndrih Cross Creek Park kills fish.
Pittsburgh PostGazette Retrieved, from http://www.pogtazette.com/washington/2009/06/05/W afsten-
Marcellusshaledrilling-in-CrossCreekParkkills-fish/stories/200906050136
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1 April 26, 20091 Officials in three statebnked water contamination and methane leaks to
gas drilling Incidents included case in Ohio where a house exploded aftesgaged
into its water well andnultiple cases of exploding drinking water wells in Dimock,
Pennsylvania®

1 November 13, 2008 ProPublicareportedmore than 1,000 casesdrilling-related
contamination documented by courts and state and local governm@ai®rado, w
Mexico, Alabama, Ohipand Pennsylvani&?

1 December 15, 200i7 In Bainbridge, Ohio, gas wellthat was improperly cemented and
subsequentlyractured by Ohio Valley Energy Systemsr@aration allowedatural gas
to migrate outside of thevell, causing a home to explode. In additid8,nearby water
wells were contaminatedwo of which were locatedore than 2,300 feet from the
drilling site,19 196 197

Inherent engineering problems that worsen with time

Studies consistently show that oil and gas wells routinely leak, allowing for the migration of
natural gas and potentially other substances into groundwater and/or the atmosphere. Recent
research suggests that the act of fracking itself may induce pathwayteaks. Leakage from
faulty wells is an issue that the industry has identified and for which it has no solution.

According to Schlumberger, one of the worl do6s
five percent of wells leak immediately, p@rcent leak after 15 years, and 60 percent leak after
30 year s. Data from Pennsylvaniads Department

2012 show over nine percent of shale gas wel
leaking within the frst five years. Leaks pose serious risks including potential loss of life or
property from explosions and the migration of gas or other chemicals into drinking water
supplies.

Leaks also allow methane to escape into the atmosphere, where it acts aseapowerful
greenhouse gas than carbon dioxide. Indeed, over ayg@r time frame, methane is 86 times
more potent a heat accumulator than carbon dioxide. There is no evidence to suggest that the

193 ystgarten, A. (2009, April 26). Offials in three states pin water woes on gas drilllvgPublica Retrieved

from http://www.propublica.org/article/officials-three statespin-waterwoeson-gasdrilling-426

194 ustgarten, A. (2008, November 13). Buried secrets: Is natural gas drilliaggerhg U.S. water supplies?
ProPublica Retrieved from http://www.propublica.org/article/burisgcretds-naturatgasdrilling-endangeringis
watersupplies1113

195 Ohio Department of Natural Resources Division of Mineral Resources Management. (2Q68\0gef).

Report on the investigation of the natural gas invasion of aquifers in Bainbridge Township of Geauga County, Ohio
(Rep.). Retrieved from http://www.ohiodnr.com/mineral/bainbridge/tabid/20484/default.aspx

9% Bair, E. S., Freeman, D. C., & Senko M. (2010, JuneExpert panel technical report, subsurface gas invasion
Bainbridge Township, Geauga County, OfiRep.).Retrieved from
http://oilandgas.ohiodnr.gov/portals/oilgas/pdf/bainbridge/DMRM%200%20Title%20Page,%20Preface,%20Ackno
wledgements.pdf

197 Ohio Dertmert of Natural Resurces Order Number 20627 (Apr. 14, 2009) (see attachments A, B).
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problem of cement and well casing impairment is abating. éed, a 2014 analysis of more than
75,000 compliance reports for more than 41,000 wells in Pennsylvania found that newer wells
have higher leakage rates and that unconventional shale gas wells leak more than conventional
wells drilled within the same timeguiod. Industry has no solution for rectifying the chronic
problem of well casing/cement leakage.

1 July 9, 2015 As part of a larger examination of the potential health and environmental
impacts of fracking in California, the California Council on Sciesoe Technology
(CCST)documented cases of well failures triggered by underground movetnant
caused well casings to shear. Sheared well casamgallow gas and fluids from the
fracking zone to migrate to overlying aquifers. The CCST team identéi\eztal
mechanisms by which casing shears can occur in California as oil wells age: surface
subsidence, heaving, reservoir compaction, and earthquakes. Prolonged drought can also
damage the integrity of well casings: as groundwater |éatJ]dandforms ca sink and
contribute to casing she&f

1 June 30, 2015 According to the New York State Department of Environmental
Conservation (NYS DEC) Findings Statement,
especially over time, and questions have ars®yut whether higlrolume hydraulic
fracturing can cause seismic changes which could potentially result in fracturing fluid
migration through abandoned wells or existing fissures and faults. Thus;diighe
hydraulic fracturing could result in significeadverse impacts to water resources from
well construction an¥d fracturing fluid mig

1 June4,20151As part of a draft assessment of fra
U.S. EPA examined cases of water contamination across the Uniteda®thtsncluded
t hat Aconstruction issues, sustained casin
fractures can work together to create pathways for fluids to migrate toward drinking
water resources. o0 Fracki nthedmftdudyrnotese !l | s pos
because aging itself fAcan contribute to ca
exposure to corrosive chemicals, such as h
because many older wells were never designed to wiithstee high pressures and stress
of fracking operations. The EPA estimates that 6 percent of the 23,000 U.S. oil and gas
wells (= 1,380 wells) first fracked in 2009 or 2010 were drilled more than ten years

earlier2®

198 Stringfellow, W.T., Cooley H., Varadharajan, C., Heberger, M., Reagal, M., Domen, J. K., Sande
Houseworth, JE. (2015, July 9). Volume I, Chapter 2: Impacts of well stimulation on water resourcés. In:
Independent Scientific Assessment of Well Stimulation in Calif@@aidornia Council on Science and Technology,
Sacramento, CA. Retrieved framtp://ccst.ufpublications/2015/vell -chapter2.pdf

199 New York State Department of Environmental Conservation. (2015, June 30). Final supplemental generic
environmental impact statement on the oil, gas and solution mining regulatory program: regulatory program for
horizontal drilling and highvolume hydraulic fracturing to develop the Marcellus Shale and othepéomeability

gas reservoirs, findings statement. Retrieved from
http://www.dec.ny.gov/docs/materials_minerals_pdf/findingstatehvhf62015.pdf

200y.S. Environmatal Protection Agency (2015, June 3@3sessment of the Potential Impacts of Hydraulic
Fracturing for Oil and Gas on Drinking Water Resourcesecutive summary (draft). Retrieved from
http://www2.epa.gov/sites/production/files/20@6/documents/hf_es_erd jun2015.pdf
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1 December 2, 201% Problems withstructural integrity have been documented in a well at
the only hydraulically fractured site in the United Kingdom. Email messages obtained
under freedom of information laws reveal that problems with wellbore integrity emerged
in April of 2014 and attemptvere made to remediate the problem, although nothing was
reported at that time to regulators. The drilling company, Cuadrilla Resources, continues
to deny that any problems exist with the w
occurred armsd etoh amtasintrieesoil ved during the aba
had previously been reprimanded for failing to disclose a more minor deformation in the
well casing. The well was abandoned at the end of last year, following two earthquakes in
2011, which scietists determined to have been caused by fracking at th&site.

1 August 11, 2014 Researchers affiliated with multiple universities and with the Los
Alamos National Laboratory summarized recent field observations of wellttegrity
failure, concludinghat, because at least some well failures are not identified, reported
barrier failure rates of-10% of wells and reported rates of groundwater contamination of
00:0. 1% of wells constitute a Al ower boundo
Citing hydaulic fracturing, as well as temperature and pressure changes, as operations
that can induce pathways for leaks, the authors point out that few studies have considered
theverylongt er m fate (A>50 yearso) of well bore s
unconv@ t i on al resource devel opment alters the
critical topic for future researciy?

f July30,2014Based on records obtained from Penns
Environmental Protection (RRE P ) , S climeshribumerdparted that five natural
gas wells in Bradford County have leaked methane for years because of persistent casing
and cement problems. In the most recent violation, @9DER inspector found
combustible gas flowing through vents connected to the cemevedielayers of pipe.
Theagencyissued a notice of violation for each well, saying combustible gas outside the
well 6s surface casing violates state regul
casing, but nothing prevents leaking (stray) meghfaom flowing into the atmosphere.
No evidence of water contamination has yet been seen. None of the wells have produced
any gas for salé’®

1 June 30, 2014 A studypublished inProceedings of the National Academy of Sciences
by a Cornell Universityreseach team projectethat over 40 percent of shajas wells in
NortheasteriPennsylvania will leak methane into groundwater or the atmosphere over
time. Analyzingmore than 75,000 state inspections of more than 4bi0@@dgas wells
in Pennsylvania sinc200Q the researchers identified high occurrences of casing and

201 Bryant, B.(2014, December 2J.heonly frackedsite in the United Kingdonsufferedstructuralfailure.Vice
News Retrieved from https://nes.vice.com/article/thenly-frackingsite-in-the-unitedkingdomsuffered
structuradfailure

202 Jackson RB., Vengosh, A., Carey, W., Davies, RJ., Darrah, TH., O'Sullivan, F.& Pétron, G. (2014). The
environmental costs and benefits of frackiAgnual Review of Environment and Resouy88327 62. doi:
10.1146/annureenviron031113144051

203Gibbons, B(2014,July 30. Five gas wells leaked methane for yedimesTribune Retrieved from
http://thetimedribune.com/news/fiv@aswells-leakedmethanefor-years1.1727537
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cement impairments inside and outside the wAllsomparative analysis showed that
newer,unconventiona(horizontally fracked) shale gagells were leaking at six times

the rate of converdnal (vertical) wells drilled over the same time periDde leak rate

for unconventional wells drilled after 2009 was at least six percent, and rising with time

I n the stateds nort h-20d% over nime percent of shalegas bet we

wells drilled leaked within the first five yeaf8* The study also discovered that over

8,000 oil and gas wells drilled since 2000 had not received a feleNgy inspection.

This study helps explain the results of earlier studies that documented elevatedflevel
methane in drinking water aquifers located near drilling and fracking operations in
Pennsylvania and points to compromised structural integrity of well casings and cement
as a possible mechanism.

1 May 22, 2014 In a69-page reportUniversity of Waerloo researchers warned that
natural gas seeping from 500,000 wellbores indCia repesens iia threat to
environment and public safétgdue to grondwater contamination, greenhouse gas
emissionsand explosion risks wherever methane collects in unvented buildings and
spaces. The report found that 10 percent of all active and suspended gas wells in British
Columbia now leak methane. Additionally, the report found that some hydraulically
fractured khale gas wells in that province have becdsger methane emittérthat
spew as much as 2,000 kilograms of methane a?{e#{

1 May 1, 2014 Following a comprehensive review efidence, the Council of Canadian
Academies identified inherent problemshwtell integrity asone of its topconcers
aboutunconventional drilling anétacking. According to one expert panihe greatest
threat to groundwater is gas leakage from wells from which even existing best practices
cannot assure loagrm preventiorr’’ Regarding their concerns related to well integrity
and cement issues, the panel wrote:

Two issues of particular concern to panel members are water resources, especially
groundwater, and GHG emi ssions. Both
leakage from improperly formed, damaged, or deteriorated cement seals is a long
recognized yet unresolved problem é.
cement seals, damage from repeated fracturing treatments, or cement deterioration
over time, have thpotential to create pathways for contamination of groundwater

resources and to increase GHG emissions.

204 Ingraffea, A., Wells, M., Santoro, R., & Shonkoff, S. (2014). Assessnmehtisk analysis of casing and cement
impairment in oil and gas wells in Pennsylvania, 2Q@1 2.Proceedings of the National Academy of Sciences
Retrieved from http://www.pnas.org/content/early/2014/06/25/1323422111 .abstract

205 Dusseault, M. B., JacksoR, E., & MacDonal, D. (2014, May 2Zyowards a road map for mitigating the rates
and occurrences of longerm wellbore leakageéseofirma Retrieved from
http://www.geofirma.com/Links/Wellbore_Leakage Study%20compressed.pdf

206 Niikiforuk, A. (2014, June 5)Canada's 500,000 leaky energy wells: 'Threat to pulitie' TyeeRetrieved from
http://lwww.thetyee.ca/News/2014/06/05/Canagaky-EnergyWells/

207 Council of Canadian Academies. (2014, MayBrnvironmental Impacts of Shale Gas Extraction in Canada: the
Expert Panel on Harnessing Science and Technology to Understand the Environmental Impacts of Shale Gas
Extraction.Retrieved from http://bit.ly/1nNicuf
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They further explain:

Cement may crack, shrink, or become deformed over time, thereby reducing the
tightness of the seal around the well and allowinge f | ui ds and gase
escape into the annulus between casing
challenge of ensuring a tight cement seal [will] be greater for shale gas wells that

are subjected to repeated pulses of high pressure during thelltyfteaturing

process than for conventional gas wells. This pressure stresses the casing and
therefore the cement that isolates the well from surrounding formations

repeatedly.

1 January 820137 According to state inspections of all 6,000 wells drilled i
Pennsyl vani ads Marcellus Shale before 2013
gas, with the rate of leakage increasing over time. The rate was six percent in 2010 (97
well failures out of 1,609 wells drilled); 7.1 percent in 2011 (140 well fedwut of
1,972 wells drilled); and 8.9 percent in 2012 (120 well failures out of 1,346 wells
drilled).2°® These data include wells that were cited for leakage violations, and wells that
were noted to be leaking by inspectors but which had not been givatiorie. The NYS
DEC forecasts that 50,000 wells could be drilled over the life of the Marcellus Shale
play. If they fail at the same rate as wells in Pennsylvania, 4,000 wells would fail and
leak in New York almost immediatef{®

1 March 2009 A study pubikhedby the Society of Petroleum Engineers of more than
315,000 oil, gasand injection wells in Alberta, Canada, found th&tpkrcent of the
wells had unintendedas flow to the surfacén one designatedrea officials required
testing for gas migrain outside thaevell casing in addition to routine testing for gas
leakswithin therings of steel casingaiinul). Within this special testing zon&5.5
percent of wells (3,205 of 2®3) leaked gas, and thecidence of gas leaks wésur
timespercent highemn horizontal or deviatéwells than in vertical well$-°

1 Autumn2003i Schlumberger, one of the woddlargest companies specializing in
hydraulic fracturing and other oilfield servicegportedn its in-house publication
QOilfield Reviav, thatmore than 40 percent approximately 15,500 wells in the outer
continental shelf area in the Gulf of Mexia@releakinggas These included actively
producingwells, in addition toshutin and temporarily abandoneeklls. In many cases,
the gaséaked through the spad@snuli) between layers of steel casing that drilling
companies had injected with cement precisely to prevent such gadleakage rates

208 Ingraffea, A. R. (2013). Some scientific failings within high volume hydraulic fracturing propegathtions.
Retrieved from
http://www.psehealthyenergy.org/data/NYS _DEC_Proposed REGS_comments_Ingraffea_Jan_2013.pdf
20New York State Department of Environmental Conservation. (2@Lplemental generic environmental impact
statement on the oil, gas ardlution mining regulatory program, well permit issuance for horizontal drilling and
high-volume hydraulic fracturing to develop the Marcellus shale and othepknmeability gas reservoir®-1,

Rep.).

210watson, T.L., & Bachu, S. (2009). Evaluation tfe potential for gas and CO2 leakage along wellb@asiety

of PetroleumEngineersSPE Drilling & Completion24,115126.doi: 10.21.18/1068%:PA
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increased dramatically with agéaut five percent of the wells leaked immediaté&lyy
percent were leaking after 15 yepasd 60 percent were leaking after about 30 y&ars.
Gas leaks pose serious risks including loss of life from explosions and migration of gas
and associated contaminants into drinking water supplies. Leaks also allowtthg @én
raw methane into the atmosphere where it acts as a powerful greenhouse gas.

1 November 2000 Maurice Dusseault, a specialist in rock mechanics at the University of
Waterloo in Ontario, and two eauthors presented a paper published by the Sodiety o
Petroleum Engineers, in which they reported that oil and natural gas wells routinely leak
gas through cracks in their cement casings, likely caused by cement shrinkage over time
and exacerbated by upward pressure from natural gas. According to thejripape

Al bert a, it is common for wells to | eak na
the mechanism, the problem is unlikely to
of the gases in the shal Pow aquifers wildl

Radioactive releases

High levels of radiation documented in fracking wastewater from many shale formations raise
special concerns in terms of impacts to groundwater and surface water. Measurements of
radium in fracking wastewater in New York and Pennsylvanfrom the particularly radioactive
Marcellus Shale, have been as high as 3,600 times the United States Environmental Protection
Agencyods (EPA) i mi t for drinking water. One
Pennsylvania waterway even after fraol wastewater was disposed of through an industrial
wastewater treatment plant. In addition, the disposal of radioactive drill cuttings is a concern.
A recent study found high levels of radon in buildings specifically in heavily drilled areas of
Pennsylvaia, with levels of radon rising since the start of the fracking boom. Unsafe levels of
radon and its decay products in natural gas produced from the Marcellus Shale may also
contaminate pipelines and compressor stations, as well as pose risks tosemslwwhen allowed

to travel into homes.

1 April 9, 20151 A Johns Hopkins Bloomberg School of Public Health study found that
levels of radon in Pennsylvania horées region with some of the highest indoor radon
concentrations in the WShave been rising since 2004, around the timedracking
industryarrivedin the staté'® Radonexposurds the second leading cause of lung cancer

211 Brufatto, C. (2003). From mud to cememuilding gas wellsQilfield Review15(3). Retrieved from
http://www.slb.com/resources/publications/industry_articles/oilfield_review/2003/or2003aut06_building_gas_wells.
aspx

212pysseault, M. B., Gray, M. N., & Nawrocki, P. A. (2000). Whywidlls leak: Cement behavior and letegm
consequencesSociety of Petdeum EngineersRetrieved from
http://www.hydrorelief.org/frackdata/references/6570484&ingLeaks. pdf

213Casey, JA., Ogburn, EL., Rasmussen, ., Irving, JK., Pollak, J., Locke, PA., & Schwartz, BS. (2015).
Predictors of indoor radon concentrations in Pennsylvania,-2089.Environmental Health Perspectives

Advance online publication: http://dx.doi.org/10.1289/ehp.1409014
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worldwide, after cigarette smoking* Researchers found that buildings in counties where
the most fracking has taken place in the past decade have had significantly higher radon
readingscompared with those in lofvacking areas, a difference that did not exist before
2004.Useof well waterwas associated with Ziercenthigher indoor radon

concentrations than in buildings using public water sourcas.stidy, the first to define

and evaluate the predictors of indoor radon concentrations in Pennsylvania, concluded

t ha t215 r ad o n Orslated to geslegy, water sparces, weather, and natural gas
drilling.

1 April 2, 20151 A team of toxicologists, geochemistad radiation scientists led by the
University of lowa analyzed the contributionvariousnaturally occurring radioactive
materals (NORM)to the total radioactivity of fracking waste fluids, finding evidence of
long-lived, environmentally persistent radioactive decay prodiiesNORM i s
emerging as a contaminant of concern in hydraulic fracturing/unconventional drilling
wastes, yethe extent of the hazard is currentlyunknowim The study det er mi
previous testing and study methods likely underestimate radioactivity by focusing only
on radium. The researchers developed a new method to accurately predict the
concentrations afiranium, thorium, and radium and their alg@aitting progeny,
polonium and lead, in fracking wastewafEney found thatunder certain conditions,
radioactivity increased over time, due to ingrowth of alphatting radioactive progeny
of long-lived paent radionuclides such as radium. The authors warned that these decay
products may potentially contaminate recreational, agricultural, and residential areas, and
that a more detailed understanding is neextdwbw radionuclides accumulate in higher
organisns.In an accompanying article Environmental Health Perspectivelames
Burch,aUniversityof South Carolin&pidemiologisivho was not involved in the study,
said that fracking activities and wastewater dispashichoften take place in close
proximity to where people live and workaise risk§f or human exposure. A
technology is vastly outpacing what we know about the health etfééts.

1 May 8, 2014 A group of leading medical experts and the American Lung Association of
the Northeast detailedsearch and growing concerns about potential health impacts of
radon and radium associated with naturalgrasluctionand the Marcellus Shali
particular. High levels of radiation in the Marcellus Shale could pose health threats if
high concentrationsfaadonand its decay productsavel with natural gas, a dstem

214 National Cancer Institute (2011, Dec. 6). Radon and cancer fact Reg&dggved from
http://www.cancer.gov/abowdancer/causegrevention/risk/substances/radon/radact-sheet

215Hurdle, J. & Phillips, S. (2015, Aprdl). New study raises possible link between gas drilling and radon levels.
Statelmpact PennsylvaniRetrieved from http://stateimpact.npr.org/pennsylvania/2015/04/09%hgdy-raises
possiblelink-betweengasdrilling-andradorlevels/

216 Nelson, AW., Eitrheim, E.S., Knight, A.W., May, D., Mehrhoff, MA., Shannon, R.,. .Schultz, MK. (2015).
Understanding the radioactive in growth and decay of naturally occurring radioactive materials in the environment:
An analysis of produced fluids from the Malcis ShaleEnvironmental Health Perspectives, 12B Retrieved

from http://dx.doi.org/10.1289/ehp.1408855

217Konkel, L. (2015). What's NORMal for fracking? Estimating total radioactivity for produced fluids.
Environmental Health Perspectives, 12B Retieved from http://ehp.niehs.nih.gov/1:2386/
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compounded by thehort distance Marcellus gas could travel in pipelines peopl e b s
homes?*®

1 March 24, 2014 A team led by toxicology researchers at the University of lowa
identified high levels of radioactivity in fracking wastewater as a significant concern and
notedthat the testing methods used and recommended by state regulators in the
Marcellus Shale region can dramatically underestimate the amount of radiodctivity
specifically radiun® in fracking wastewatet® Results obtained usirgPA-
recommended protocotan be obscured lilie presence of other contaminant mixtures.
Regarding the use of EPA protocols with fracking wastewater or other highly saline
solutions,Duke Uriversity geochemist Avner Vengostoted fiPeople have to know that
this EPA method is not updatet®’

1 February 2014 The Marcellus Shale is known to have high uranium and radium
content. According to Mark EnglelSGSgeochemist, the concentration of radi226
can exceed 10,000 piCaries/Liter (pCi/L) in the shale. Radiu&26 has a hallife of
1,600 years. Radium and other naturally occurring radioactive materials (NORM) can be
released from shale rock during drilling and fracking and can emerge withaftd and
produced waters. It can thus enter the ambient environment and become concentrated in
the sludgehatresults from treatment of flowback water, and in river sediment around
water treatment facilities. It can also be found in landfills in whiogdgg and sediment
have been disposed. Some radium can be found in drinking Ba&echemisAvner
Vengoshwarned i @ce you have a release of fracking fluid into the environment, you
end up with a radioactive legaos?!

1 October 2, 2013 A peerreviewed tudy of the impacts of drilling wastewater treated
and discharged into a creek by a wastewater faailityastern Pennsylvania documented
radium levels approximately 200 times greater in sediment samples near the discharge
locationthan in sediment sam@e&ollected upstream of the plantetsewheren western
PennsylvaniafiThe absolw levels that we found are much higher than what you allow in
the U.S. for any place to dump radioactive matér@ie of the authors toBloomberg
News.The pollution occurred despite the fact that the treatment plant removed a
substantial amount of the radn from the drilling wastewater before discharging it. The

218 Campbell, J. (2014, May 8). Fracking critics keep pushing for-batked health studfPolitics on the Hudsan
Retrieved from http://polhudson.lohudblogs.com/2014/05/08/fraekiitigs-keeppushingstatebackedhealth

study/

21%Nelson, A. W., May, D., Knight, A. W., Eitrheim, E. S., Mehrhoff, M., Shannon, R.Schultz, M. K. (2014).
Matrix complications in the determination of radium levels in hydraulic fracturing flowback water from Marcellus
shale Environmental Science & Technolody3), 204208. doi: 10.1021/ez5000379

220Kelly, S. (2014, March 24). Research shows some test methods miss 99 percent of radium in fracking waste.
Desmogblog.conRetrieved fromhttp://www.desmogblog.com/2014/03/23/sctestingmethodscanmiss99-
percentradiumfrackingwastenewresearckreports

221Brown V. J. (Feb 2014)Radionuclides in fracking astewaterEnvironmentalHealth Perspetives1222), A50-

AB55.
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researchers wrote that the accumulation of radium in sludge removed from the
wastewateficould pose significant exposure risks if not properly managed>?

9 February 2013 In an analysis dfracking sludge samples froRennsylvania,
researchere conf i rmed the presence orftheadipha, be
and water in reserve pits located on agricultural [amdtal beta radiationxeeeded
regulatory guideline values by more than 800 percent, and elevateddeseiae of the
radioactive constituentemained in a vacated pit that had beexnrard andeveled It is
imperative the research team concludéthat we obtain better knowledge of the quantity
of radioactive material and the specific radioisotopes being brought to thés sartiace
from these mining process&s?

1 July 26, 2012 Responding to concern about radon in natural gas produced from the
Marcellus Shale, the USGS analyzed ten samples of gas collected near the wellheads of
three Pennsylvania gas wells. The agency found radon levels ranging from 1 to 79
picocuries per liter, ith an average of 36 and a median of (J2e highest radon activity
reported here would decay to 19.8 pCi/L in approximately a weekpmparisonthe
EPAG6s t hr dowrhaiorendedidtianis 4 pGi/LAsserting they knew of no
previous publishedheasurements of radon in natural gas from the Appalachian Basin,
which contains the Marcellus Shale, agency scientists concluded that the number of
samples fiis too small to é yield statistic
interpretationofad i t i on?%®l data. o

1 January 11, 2012 In its reviewof theNew York State Department of Environmental
Co n s er vNYS DECHh Suppleiental Generic Environmental Impact Statement
(SGEIS) on high volume fracturinthe EPA expressed concerns about the diffasof
responsibilityfor theultimate disposal of radioactive wastes generated by treatment or
pretreatment of drilling wastewatdihe EPA also raised concerns about the lack of
anal ysis of radon and other r adessngtheon expo
potential health and safety issues and associated monitoring related to external radiation
and the inhalation of radon and its decay

BN

concerns need®t o be addressed. 0

222\Warner, N. R., Chistie, C. A., Jackson, R. B., & Vengosh, A. (2013). Impacthafegaswastewatedisposal
onwaterquality in Western Pennsylvanignvironmental Science & Technology(20), 1184911857. doi:
10.1021/es402165b

223 Efstathiou, J., Jr. (2013, October Rpdiation in Pennsylvania creek seen as legacy of fradRlogmberg
Retrieved from http://www.bloomberg.com/news/2a1B02/radiatiorin-pennsylvaniecreekseenaslegacyof-
frackin.html

224Rich, A. L., & Crosby, E. C. (2013). Analysis @fservepit sudge fromunconventionahaturalgashydraulic
fracturing andirilling operations for th@resence ofechnologicallyenhancechaturally occurringradioactive
material (TENORM)NEW SOLUTIONS: A Journal of Environmental and Occupational Health Pasy), 117
135. doi: 10.2190/NS.23.1.h

225Rowan, E. L., & Kraemer, T. F. (201Radon- 222 content of natural gas samples from upper and middle
Devonian sandstone and shale reservoirs in Pennsylvania: Preliminaryldisitad States Geological Survey
(Rep). Retrieved from http://pubs.usgs.gov/of/2012/1159/0fr20129.pdf

226 Environmental Protection Agency. (2012, January EPA comments on revised draft NYSDEC revised dSGEIS
for horizontal drilling and highvolume hydraulic fracturing to develop the Mallas shale and other low
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1 September 20117 TheUSGSreportal that radium levels iwastevater from oil and
gas wells in New York and Pennsylvania, including those in the Mar@&@Hhkle,fhave a
distinctly highermedia@ t han reported for other for mat
and range to higher values thaported in other basirisThe median level of radium
found in MarcellusShale wastewater in New York,490pCi/L, isalmost 1,100 times
the maximum contaminant level fdrinking water which isfive pCi/L. In other words,
if a million gallons of Marcelis Shale wastewatezontaminatedvith the median level of
radium found in New Yorkvere tospill into a waterway, 1.1 billion gallons of water
would be requiredo dilute the radium tthe maximum legdevel 22’ (The EPAs health
basedyoal for radium in dnking water is zer9 Over time, radium naturally decays into
radioactive radon gas. Thus, higher radium levels also suggest that higher levels of radon
may also be present in natural gas produced from the Marcellus Shale.

1 February 27, 2011 TheNew Yok Timesreported on the threattdde w Y arinking s
water from Pensylvania drilling waste due to the presencehr@micalcontaminants
including high levels of radioactivity. The investigation found that sewage treatment
plantswere neithetesting fa nor capable of removing that radioactivityhich was
subsequely dischargd into waterwayshat supply drinking wateand that, in some
cases, wastewater contained radium levels that were hundreds of times higher than the
drinking water standardrillers sent some of this waste to New York Statelisposal
even though, as the article noted, EPA scientists had warned the state about this very
problem in a December 2009 letter that advised against sewage treatment plants
accepting drilling waste with radium levels 12 or more times as high asittkéng
water standaré?®

1 200820097 The New York State DE@und that wastewater from 11 of 13 vertical
wells drilled in New Yorks MarcellusShale in 2008 and 2009 contained radium levels
ranging from 400 times to nearly 3,400 times BPgafe levdimit for radium in
drinking water These figures later informed tB@11studyof radium in drilling
wastewater conducted ilye USGS?2°

permeability gas reservoif®ress release]. Retrieved from
http://www.epa.gov/region2/newsevents/pdf/EPA%20R2%20Comments%20Revised%20dSGEIS%20Enclosure.pdf
227TRowan, E. L., Engle, M. A., Kirby, C. S., & Kraemer, T. F. (2011, Septs 7).Radium content of eiand gas
field produced waters in the northern Appalachian basin (USA): Summary and discussion (Reatnited
States Geological SurveRetrieved from http://pubs.usgs.gov/sir/2011/5135/
http://water.epa.gov/drink/contanants/baisinformation/radionuclides.cfm

228Urbina, I. (2011, February 26). Regulation lax as gas d#listed water hits river§heNew York Times
Retrieved from http://www.nytimes.com/2011/02/27/us/27gas.html?pagewanted=all& r=0

229New York State Department of Environmental Conservation. (2@Ligplemental generic environmental
impact statement on the oil, gas and solution mining regulatory program, well permit issuance for horizontal
drilling and high-volume hydraulic fracturingat develop the Marcellus shale and other4pgrmeability gas
reservoirs(5-133, 5141, 760, Appendix 12, Appendix 13, Rep.).
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Occupational health and safety hazards

Drilling and fracking jobs are among the most dangerous jobs in the natiortc@pational
hazardsinclude head injuries, traffic accidents, blunt trauma, burns, toxic chemical exposures,
heat exhaustion, dehydration, and sleep deprivation. An investigation of occupational exposures
found high levels of benzene in the urine of wellpavorkers, especially those in close proximity

to flowback fluid coming up from wells following fracturing activities. Exposure to silica dust,
which is definitively linked to silicosis and lung cancer, was singled out by the National Institute
for Occupatonal Safety and Health (NIOSH) as a particular threat to workers in fracking
operations where silica sand is usedt the same time, research shows that many gas field
workers, despite these serious occupational hazards, are uninsured or underinsurethekd
access to basic medical care.

1 June 29, 2015 An investigation by the Center for Public Integri@P1) found that lung
damaging silica is not sufficiently regulated to prevent silicosis (which is incurable and
has no effective treatment) or lung canim the workplace. Rules governing
occupational exposure to silica dust are far outdated advocacy efforts to tighten them
are four decades old. At particular risk, say the authors, are workers in oil and gas fields
where silica sand is used in fraol operations. Citing research BOSH, the CPI team
noted that nearly 80 percent of the air samples on the well pads were above the
recommended exposure limit for silica déft.

1 June 15, 2015 EnergyWireexamined issues surroundiagposure to crystatie silica
from frack sand mining, which is a health concern to those living near mines and to those
working in the industryFamilies living near industrial sand mining regaithat their
health has been compromised by sand mine development and are concerned that
companies are not properly monitoring their extraction sfies.article noted that the
Occupational Safety & Health Administratio@$HA) is working on a new exposure
rule for workers thaDSHA estimates would save nearly 700 lives and prevent 1,600 new
cases of silicosis annuallyhe oil and gasidustry is fighting the rule because of the cost
associated with complying with a more stringent permissible exposutedingpin
Pierce, public healtresearcheat the University of Wisconsin in Eau Claire, is in the
midst of a thregoronged research project to look at the inddstayr effects. Among
other findings, hi® r o j a&renbndoss around sand plaritavefound consistently
finding higher readings than the Wi sconsin
regional values®!

1 June 15, 2015 In an updateNIOSH noted that silicosis death rates are rising again,
reversing an earlier, decatteng decline. In th list of job tasks with known high silica
exposures, the update nahigydraulic fracturing of gas and oil wells. These results are

230 Morris, J., Hopkins, J5., & Jameel, M. (2015, June 30). Unequal risk: Stoetion tragedy for American
workers.The Center foPublic Integrity. Retrieved from http://www.publicintegrity.org/2015/06/29/17518/slow
motiontragedyamericarworkers

281King, P. (2015, June 15). Frac sand towns question whether rules protect them against silica pollution.
EnergyWire Retrieved from hti://www.eenews.net/stories/1060020192
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particularly concerning in light of earlier research showing significant uehekection of
silicosis among deceased workeiigh known exposure to silica dusSg

1 June 13, 2015 ReportingorN o r t h  Orackimgboar the Center for Investigative
Reportingfound thatthe major oil companies have largely written the rules governing
their own accountability for accidenf8eeply entrenched corporate practices and weak
federal oversight, according to the repbeve led to high injury and death rates and a
shift of assigned responsibility tihers Using data from U.S. and Canadian regulators,
the journalists verified 74 etihejob deaths among workers in Bakken Shale drilling and
fracking operations since 2006. The actual number of deaikslishigher than
currently reported because federal regulators do not have a systematic way to record oil
and gagelated deaths, adSHA does not include certain fatalitiescludingthose of
independent contractors. The report conadilLitiat therevastoo little oversight from
OSHA, that laws to protect workengereoutdated, and that theweasa culture of sek
regulation by the idustry?33

1 May 29, 2015 The Centers for Disease Control and Prevention published statistics on
work-related fatalities during the fracking boom. The occupational fatality rate among
U.S. oil and gas industry extraction workers between 2003 and 2013 eehaairaverage
of seven times higher than among U.S. workers in general (25.1 versus 3.7 deaths per
100,000 workers per year). Within this-§éar period, the industry doubled the size of its
workforce and increased drilling rigs by 71 percent. The nunfberaupational deaths
increased 27.6 percent, with a total of 1,189 deaths, but it did not increase as much as the
number of workers, resulting in an overall decrease in the fatality rate of 36.3 percent.
Transportation accidents and contact with objectsequipment were the most frequent
fatal events. Evidence suggests that the increased use of automated technologies on
drilling rigs may be contributing to the decline in death rétés.

1 April 22, 2015 The AFL-CIO publisheddata for job injuries, illness and deaths a
national and statby-state profile of worker safety and health in the United States,
presenting comparisons by state and indugioy the third year in a row, North Dakota
had the highesin-thejob fatality rate in the natiori4.9deathsper 100,00Qvorkers a
rate that isnore than four times the national average,\ahith hasmore than douled
since 2007. The fatality rate in the mining and oil and gas extraction sector in North
Dakota was 84.7 per 100,00@hich isnearly sevetimes the national fatality rate of

282 Mazurek, JM. & Weissman, D. (2015, June 15). Silicosis updhii€©SH Science BlodRetrieved from
http://blogs.cdc.gov/nioshcienceblog/2015/06/15/silicosisipdate/

28Gol Il an, J. (2015, JBakken oillbGojn there will bd\ooReteal,Tariteofora 6 s
Investigative ReportindRetrieved from https://www.revealnews.org/articlefiorth-dakotasbakkenroil-boom
therewill -be-blood/

234Mason, K.L., Retzer, KD., Hill, R., & Lincoln, J.M. (2015, May29). Occupational fatalities during the oil and
gas boord United States, 2003013.Morbidity and Mortality Weekly Repoi4, 551-554. Retrieved from
http://www.cdc.gov/mmwr/preview/mmutml/mm6420a4.htm
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12.4 per 100,000 in this industfip 23¢

1 April 10, 2015i In a study that was that was inclusive of frackbaged extraction but
not specific to it, NIOSHesearchergpdatedheirinvestigation into theudderdeaths of
nineoil and gas extraction workefsund near hatches where hydrocarbons were stored.
All ninevictimsdied between 2010 and 2014 amereunobserved oworking aloneat
the time of their death3 hefirst reportattributed the fatalities td ihalation of volatile
petroleum hydrocarbor®®’ The updatenotedthat whenworkers opernatches on
production tanks, a plume of hydrocarbon gases and vapors can be rapidly released due to
highinternal pressuréexposure to high concentrations of these-lowlecularweight
hydrocarbongreatesasphyiation and explosive hazardadcan have narcotic effects,
resulting in disorientation, dizzinesmdlight-headednes3.he authors citedeports of
othersudden deattfollowing butane and propane inhalati@xposure tavhich can
induceirregular heartbeat, insufficient oxygen supply, and respiratory deprég$iom
reported bythe Denver Postmost of the death certificates listed natural causes or heart
failure as the caudikely because mdical examinersan easilymiss signs of toxic
inhalation during a routine autopsyhenomadic nature of the industry presents
obstacles to proper trainirig tank handling techniqué® NIOSHissued
recommendations for worker protectipimscludingrespiratory protectiotrainingand
engineering controlfor remotegauging and ventingf°

1 February 15, 2015 Burn injuries among North Dakota workers surged to more than
3,100 over the past five yeas the area has become the epicenter of a mabglire
and frackingpoom asreportedby theStar Tribune Despite the flammability of Bakken
crudeoil and the danger of ailg work, North Dakota has no burn centensdburn
victims must be transported out of staypically to the Minneapolisst. Paul areaome
600 milesaway The article also covered the severe, debilitating, costly, and sometimes
fatal aspects of these occupational injuffés.

235 AFL-CIO Safety and Health Department, (2015, April 22). Death on the job: The toll of neglect. Retrieved from
http://www.aflcio.org/Issues/JeBafety/DeatFon-the-JobReport

236 Kasperkevic, J. (2015, April 29). About 150 US workers dlteckon the job every daly report. The Guardian.
Retrieved from http://www.theguardian.comtnsws/2015/apr/29/norttiakotadeadlieststateworkersthird-year
running

237 NIOSH. (2015, March 15). Suspected inhalation fatalities involving workers during manual tank gauging,
sampling, and fluid transfer operations on oil and gas well sites;2014€.CDC WorkplaceSafety & Health
Topics Retrieved from http://www.cdc.govimsh/topics/fog/data.html#_ftnl

2%King, B., Esswein, E., Retzer, K., Snawder, J., Ridl, S., Breitenstein, M. Alex&oo&; M., & Hill, R. (2015,
April 10). NIOSH Science Blogenters for Disease Control. Retrieved from http://blogs.cdc.gov/simehce
blog/2015/04/10/flowbacig/

2%Whaley, M. (2015, May 18). Toxic vapors suspected in deaths of three Colorado oil and gas WhekBenver
Post.Retrieved from http://www.denverpost.com/news/ci_28136543/coleodeind-gasworkersfell-victim-little
240 Associated Press. (2015, May 18). 9 oil well deaths lead to warning about inhaling cheFmued<all.
Retrieved from http://www.timescall.com/news/nationworldnews/ci_2813828®ell-deathsleadwarning
aboutinhaling

241Rao, M. (2015, February 15)win Cities hospitals are front line in treating Bakken burn victims.
StarTribune.com. Retrieved from
http://www.startribune.com/lifestyle/health/291967611.htmlpage=all&prepage=1&c=y#continue
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1 February 13, 2015 NIOSH reported that while silicosis death rates declined between
2001 and 2010, silicosis deaths were stitaring among young persons aged 15 to 44
years old, indicating extremely high exposures to respirable silica dust. Among emerging
new settings that put workers at risk for silicosis, the authors named oil and gas extraction
industry workerg#?

1 January 1420151 TheCharleston Gazett#ail reported that, due to an increase in
workplace deaththat has accompanied the boom in natural gas drilling and production
from the Marcellus Shale fields in Northern West Virginia, the Governoe ties called
forag udy ai med at reversing that trend. ABet
boomed in the Marcellus region, 15 natural gas workers died on the job in West Virginia,
according to the federal data. During the previousyear periodfrom 2004 to 2008,
threeworkerli ed i n West Virginiaods o[UBb.Baead gas i
of Labor 8tatistics]. o

1 January 12, 2016 Oil and gas production employs less than one percent of the U.S.
workforce, but in the past five years it has had more thapedrcent of all workplace
fatalities from fires and explosions. A review BgergyWireof federal labor statistics
last year found the industry had more deaths from fires and explosions than any other
private industryThe onlyfindustryo with more fireand explosion fatalitiethan oil and
gaswas firefighting, the report statetihese statistics are inclusive of deaths related to
fracking operations but are not specific to théfn.

1 December 26, 2014 A report in theHouston Chroniclellustrated the diiculties oil and
gasworkers encounter when injured on the job. In one case a worker fell from a rig,
injuring his headSupervisors did not record thecident After he became too ill to
work, he was shifted to other jobs and soon after, sent homdatighter filed a
Worketb €o mpensation c¢claim, which was denied f¢
injury by employer and no medical reportéhe article noté that oilfield injuries are
generally undercounted nationallyhese include injuries related to drilling and fracking
operations as well as those linked to other techniques of extr&ttion.

1 December 4, 201% Benzene, a naturally occurring component of crude oil and natural
gas, is a known carcinogen, with no knathreshold of safety. Although the American
Petroleum Institute in 1948ated hat @At he only absolutely saf
the organization since then undertook an intensive campaign to combat strict exposure

242Bang, K.M., Mazurek, JM., Wood, JM.. White, G.E., Hendlicks, S.A., & Weston A. (2015), Silicosis
mortality trends and new exposures to respirable crystalline Bilitrdted States, 2002010,Morbidity and
Mortality Weekly Repor64(05), 117120. Retrieved from
http://lwww.cdc.gov/immwr/preview/mmwrhtml/mm65al.htm

2483Ward, K. (2015, January 14). Tomblin calls for study of increased deaths fredniljag boom.Charleston
Gazette Retrieved from http://www.wvgazette.com/article/20150114/GZ01/150119573/1419

244 3oraghan, M. (2015, January 12). At least 18imlgiindustry workers died in fires, explosions last year.
EnergyWire Retrieved from http://www.eenews.net/stories/1060011452

2450lsen, L. (2014, December 16). Many oilfield injuries go unrepokediston ChronicleRetrieved from
http://www.houstonchrdole.com/news/houstetexas/houston/article/Manyilfield -injuries-go-unreported
5980350.php
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limits. An investigation bythe Céner f or Publ i c I ntegrity fou
petrochemical industry spent millions on science seeking to minimize the dangers of
benzene. €é Taken toggte cdmtextby interviesvs vdtiodozemsefn t s
lawyers, scientists, academicsgulators and industry representativese pi ct a O0r e s
strategyo6 built on dubi ous pametéking/pabdcc cl| os e
rel at ons. 0

1 December, 201% In areportintended tanform employers and workers about the known
hazards tat result from hydraulic fracturing and flowback operatiddSHA noted that
there is no publicly available worker injury, illness, or fatality data specific for fracking
or flowback operations. At the same time, more workers are exposed to fraankihg
flowbackrelated hazards due to the huge increase in the numbers of these operations
over the past ten yeardn fight of this, OSHA has determined that additional
information concerning hydraulic fracturing and flowback operations hazards should be
proviked to educate &hd protect workers.o

1 November 11, 201# University of WisconsirioxicologistCrispin Pierce documented
superfine dustdrifting from facilities that process silica sand for fracking operations.
Pierce and his team detected silica dustnbient air near frac sand operations at levels
that exceedEPA air qualitystandard$y a factor of fourOccupational exposure to
respirable crystalline silica is linked adult workergo silicosis, lung cancer, and
pulmonary tuberculosi¢iealth threts to the general publicom frac sanerelated air
pollution have not yet been studied directYne of the first investigations of silica dust
levels in the community environment, the Wiscorgirdywill appear next year ithe
National Journal oEnvironmental Healti*®

1 November 11, 2014 A high-pressure water line ruptured, killing one worker and
seriously injuring two otherduring the hydraulic fracturing of aml well in Weld
County, Coloradg*°

1 October 6, 2014 ToxicologistPeter Thornechairof Uni ver sity of | owa¢
of Occupational and Environmental Healtlgrnedthe Winneshiek County Board of
Supervisors aboytotentialcommunity impacts and cancer risissilica exposurérom
sand used for fr ackiinggnvestigatianavhichamvolvesair Thor ne 6
sampling, risk assessmenasd inhalation toxicology studigcuses on the public

248 | ombardi, K. (2014, December 4). Benzene and worker can®ersAmerican tragedy Bhe Center for Public
Integrity. Retrieved from http://www.publicintegrityg2014/12/04/16320/benzeaadworker-cancersamerican
tragedy

247U.S. Department of Labor, Occupational Safety and Health Administration. (2014). Hydraulic fracturing and
flowback hazards other than respirable silica. OSHA 2762014.

248 Kremer, R. (2014November 11)High levels of supefine dust are detected around Wisconsin frac sand mines.
Wisconsin Public RadidRetrieved from http://www.wpr.org/higlevelssuperfine-dustaredetectedaround
wisconsinfrac-sand
mines?utm_content=buffer8947f&utm_diem=social&utm_source=facebook.com&utm_campaign=buffer
2499Paul, J (2014, November 11Brighton man I@d as victim in fatal Weld County fracking bla¥he Denver
Post.Retrieved fromhttp://www.denverpost.com/news/ci_26937782/brightearidd-victim-fatalweld-county
fracking?source=pkg
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health hazards of mining, processing, and storing sand. His team has documented spikes
in silica particulate matter related to thansport of the silica sand by rail. The study

aims todetermingf mining posea n fiun ac c e p ttathelpwlicandqpaatisyu r e 0
the level of riskFor silicaexposed worker$\lOSH continues to identify needed heath
protections. Thornaoted,i Wo rskandling materials should be using respirators, but
most a’*°e not. 0

1 September 25, 2074The Civil Society Institute's Boston Action Research, in
cooperation with Environmental Working Group and Midwest Environmental Advocates,
issued a report on the hazards of silica mining. The repod tiedefrac sand mining is
expanding rapidly in th&lnited States and poses a litiederstood threat to public
health, the environment, and local economies. Given the pace of the drilling and fracking
boom, silica extraction could spread to a dozen other states with untapped or largely
untapped sand deptss including lllinois, Maine, Massachusetts, Michigan, Missouri,
New York, North Carolina, South Carolina, Pennsylvania, Tennessee, Veandnt
Virginia. Thelnternational Business Tim@siblished a summary of the findingp.2>2

1 August 29, 2014 In a peerreviewed study, NIOSH partnered with oil and gas operators
and service companies to evaluate worker exposoyesd internal uptake ofplatile
organic chemical at six sites in Colorado and Wyomiwwbere wells were being
prepared for productiormhe studyfound benzene in the urine of well pad workers.

Benzeneisinat urally present in flowback fl uids
fl owback and production tanks é appears to
exposures. 0 | mencentationaos erzene exceedbdahe NIOSH

Recommended Exposure Limit concentrations and, in a few instances, the American
Conference of Governmental Industrial Hygierdadth r e shol d Li mit Val ue,
workers performed work tasks near a pointsofircer benzen?® emi ssions.

1 July 29, 2014 As part of an investigation inthe health impacts of drilling and fracking
on animal healthveterinariarMichelle Bamberger an@ornell biochemisRobert
Oswald, published an interview withhaenty-yearoil and gas industry worker about his
experiences and worker safeitfis account includethjuries, 16-hourworkdays, fatigue,
exposure to chemicals, and inadequate heal
you about stuff that has latency. That is lde thing they are going to do is tell you that

20 strandberg, S. (2014, October 6). U of | researcher informs supervisors abaarfdsipactDecorah
NewspapersRetrieved fronhttp://www.decorahnewspapers.com/Content/Home/Home/Artieté/lresearcher
informs-supervisorsaboutfrac-sandimpact/2/-2/35735

251 Chapman, E., Hopkins, L., Jasset, A., Sheldon& Smith, G. (2014, September 25). Communities at risk: Frac
sand mining in the Upper MidwesA report by Boston Action Research (a project of Civil Society Institute).
Retrieved fromhttp://216.30.191.148/fracsandmining/ anavw.bit.ly/fracsandmining

252 Gallucci, M. (2014, September 25). US oil & gas fracking boom could drive silica sand mining operations in 12
more states, environmental groups shyternational Business TimeRetieved fromhttp://www.ibtimes.com/us
oil-gasfrackingboomcould-drive-silica-sandmining-operationsl 2-more states1695246

253 Esswein, E., Snawder, J., King, B., Breitenstein, M., Alexa:®batt, M.,& Kiefer, M. (2014). Evaluation of
some potential chemical risks during flowback operations in unconventional oil and gas extraction: Preliminary
results.Journal of Occupational anBnvironmental Hygienel 1, D1740184.

67


http://www.decorahnewspapers.com/Content/Home/Home/Article/U-of-I-researcher-informs-supervisors-about-frac-sand-impact/-2/-2/35735
http://www.decorahnewspapers.com/Content/Home/Home/Article/U-of-I-researcher-informs-supervisors-about-frac-sand-impact/-2/-2/35735
http://www.ibtimes.com/us-oil-gas-fracking-boom-could-drive-silica-sand-mining-operations-12-more-states-1695246
http://www.ibtimes.com/us-oil-gas-fracking-boom-could-drive-silica-sand-mining-operations-12-more-states-1695246

something that you are handling will take you out in 20 years or 10 years or cause you
some kind of ailment, or you ca%f potenti al

1 July 14, 2014 As part of aranalysisof safety and research needs associated with
drilling and fracking,researchers at the Colorado School of Public Health and the College
of Health Sciences at the University of Wyomuohmcumentedhigh injury and orthe-job
mortality rates among gas and @lfl workers. Theccupational fatality rateras2.5
times higher thathat ofthe construction industry arsgévertimes higher thathat of
general industryBy contrastjnjury rates were lower than the construction industry,
suggeshg that injuries ar@indereported Researchers documenteystalline silica
levels above occupational health standarmtsidentified the existence ofther hazards
includingparticulate matter, benzene, noigedradiatian. The team called faxposure
assessments fowoth chemical hazards and physical hazdit lead to occupational
illness (noise, radioactivityscreening and surveillance systems to assess incidence and
prevalence of occupational illnessdustry/academic collaboration to conduct
occupational epideimlogic studiesand assessment of the effectiveness of industry
interventions to reduce exposures.

1 July 2014i The British labor journaHazards identified health concernm thedrilling
and frackingndustry:increased rate of death on the job, toxieases, silica exposure,
and exposure to hydrocarbons and endocrine disruptors. The union that organizes the
construction, rigand transport workersn which fracking would rely, agreed at its July
2014 national conference to | o[Héegatesor a mo
want union members to be made aware of the dangers of fracking and be advised not to
work on fr®fcking sites. o0

1 June 29, @14, and August 31, 2014An initial report and followup analysis immhe
Columbus Dispatckexamined fire hazards at well pads. In one notable case,
malfunctioning hydraulic tubing allowed a well pée: in Monroe County, Ohido
spread rapidlypromptirg evacuations. @cal firefighters had neither the correct
equipment nor did they know the chemicals they were trying to extinguish. One
firefighter was treated for smoke inhalatiér: 258

1 May 19, 2014 Underscoring the dangerous nature of chemicals uskddking
operationsNIOSH reported that at least fogasfieldworkers have died since 2010 from

254Bamberger, M., & Oswald, R. (2014). The shale gas revolution from the viewpoint of a former industry insider.
NEW SOLUTIONS: A Journal of Environmental and Occupational Health P&aryy Online View. doi:
10.2190/NS.EOV.1

2Switter, R.Z., Tenney, L., Clark, S& Newman, L.S. (2014). Occupational exposures in the oil and gas
extraction industry: State of the science and research recommendatimrican Journal of Industrial Medicine,
57(7), 847856. Rerieved from http://onlinelibrary.wiley.com/doi/10.1002/ajim.22316/full

256006 Ne i (editgr). gBly 2014) Chemicals, dust and deaths and the new rush for oil and gas.
HazardsMagazine Special Online Report. Retrieved frdntip://www.hazards.org/oil/fracking.htm#top
257Richards,. S. (2014, June 29). Glitch sparks smoky fire at gas Wedl.Columbus DispatcRetrieved from
http://www.dispatch.com/content/stories/local/2014/06/29/glitchspamieky-fire-atgaswell.html

258 Arenschield, L. (2014, August 31Fracking fire points out failingdhe Columbus DispatdRetrieved from
http://www.dispatch.com/content/stories/local/2014/063Rtchsparkssmokyfire-at-gaswell. html
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acute chemical exposures during flowback operatmswarnedhat flowback

operations cafiresult in elevated concentrations of volatile hydrocarbonsamviork
environment that could be acute exposure hazafde agencyurther noted that such
volatile hydrocarbonécan affect the eyes, breathing, and the nervous system and at high
concentrations may also affect the heart causing abnormal rhgtPh?8°

1 May 16, 2013 A NIOSH study revealed that worker exposurertgstalline silicadust
from sand used in fracking operatiaonx c eeded firel evant occupati
all eleven tested sites, and the magnitude of some exposures exceedediMIi®Iy a
factor of 10 or more. fA[P]ersonal respirat
adequately protect against workplace expos
cause incurable silicosis, lung cancer, chronic obstructive pulmonary dikiebss
disease and autoimmune diseg8éalthough community exposures distant from mines
are possible, there are no federal or state standards for silica in ambient airexefirst
study on public health risks from frac sand is now in progi®ss.

1 May8, 2014i A report by the AFECIO foundthat the fracking boom has made North
Dakota the most dangerous state for U.S. woékevih a fatality ratefive times higher
than the national averagjeand that North Dako€a fatality rate has doubled since 2007.
The AFL-CIO calledNorth Dakotafian exceptionally dangerous and deadly place to
work.0 U.S. Secretary of Labor Thomas E. Perez called the rising rate of workplace
deaths suffered in the oil and gastorfiunacceptablé?®?

1 April 24, 20147 A University of Texas San Antoni@portcommissioned by the
Methodist Healthcare Ministries found that many oil and gas field workers in the Eagle
Ford Shale are uninsured or underinsured andithatmost noticeable health impacts so
far are workrelaked illnesses and injuries: heat exhaustion, dehydration, sleep
deprivation, exposure to oil and gas spills and accidefke study also noted that oil
and gas production has put strain on healthcare facffties.

1 April 10, 20147 West Virginia UniversityresearcheMichael McCawleyreported that
some of the nationés highest rattes of sili

259 gnawder, J., Esswein, E., King, B., Breitenstein, M., AlexaSdett, M., Retzer, K.,. .Hill, R. (2014, May

19). Reports of worker fatalities during flowback operations [Web log geEIISH Science Blodretrieved from
http://blogs.cdc.gov/nioskcienceblog/2014/05/19/flowback/

260 [afolla, R. (2014, May 20). Four fatalities linked to used fracking fluid exposure during ‘flowb&oISH
reports.Bloomberg BNARetrieved from http://www.bna.com/fotatalitieslinked-n17179890610/

261 Esswein, E. J., Breitenstein, M., Snawder, J., Kiefer, M., & Sieber, W. K. (2013). Occupetiooslires to
respirablecrystallinesilica during hydraulicfracturing.Journal of Occupational and Environmental Hygieh@(7),
347-356. doi: 10.1080/15459624.2013.788352

262 University of lowa Environmental Health Sciences Research Center. (2012). Exposure assessment and outreach
to engage the public orehlth risks from frac sand mining. Retrieved from http://cph.uiowa.edu/ehsrc/fracsand.html
263 pjcchi, A. (2014, May 8). The most dangerous U.S. state for woiRBS.NewsRetrieved from
http://www.cbsnews.com/news/tmostdangerousis-statefor-workers/

264 Ghahremani, Y. (2014, April 24). Fractured Healthcare: Pumping Resources Back into the Eagle For Shale
Communities/Executive Summary: Methodist Healthcare Ministries and Center for Community and Business
Research at the University of Texas San AntongiriBved from http://www.joomag.com/en/newsstand/fractured
healthcargpumpingresourcesackinto-the-eagleford-shalecommunitiesapr-2014/0368470001398347080
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Northern Panhandle of West Virginia and southwestern Pennsylvadiaease that
hardens the lungs through inflammation aegelopment of scar tissusilicosis is

entirely attributable to exposure to silica dust, a known occupational hazard at drilling
and fracking operation3wo years earlier, OSHA and NIOSskued a joinfi ldzard

A | eto wadnfracking workersof thehealth hazards afxposure tailica dust including

silicosis?%®

1 February 25, 201# A yearlong investigatiorby theHouston Chronicléound that
fracking jobs are deadly, with high fatality rates and high rates of serious Mjithjn
just one year iTexas,65 oil and gas workers die@9 lost limbs,82 were crushed)2
suffered burns and 675 broke bones. From 2007 to 2012, at least®&vbtkers were
killed in oil and gas field$%® 267

1 December 27, 2018National Public Radio (NPR) reported spikirages of fatalities
related tooil and gas drillingoperationswhich hadincreagdmore than 100 percent
since 2009. NPR noted that in fieviousyear, 138 workers were killed on the job,
makingthe fatality rate among oil and gas workers nearly gigtgs higher than the
averagaate of 3.2 deaths for evet0,000 workerscross all industrie¥?®

1 October30, 2012 In a policy statementhe American Public Health Association
(APHA)asserted that, high vol ume Iposesi zont al F
potential risks to public health and the environment, including groundwater and surface
water contamination, climate change, air pollution, and worker health The st at e me |
also noted that theublic health perspective has been inadequately repeesignpolicy
processes related to HVHP The policy statement added

[H]ydraulic fracturing workers are potentially exposed to inhalation health hazards
from dust containing silica. There may also be impacts on workers and communities
affected by the \&tly increased production and transport of sand for HVHF.
Inhalation of fine dusts of respirable crystalline silica can cause silicosis. Crystalline
silica has also been determined to be an occupational lung carcinogen.

1 20057 A researcheat Stanford Uiversity examined hazards associated with oil and gas
extraction from exposure to radiation and determined that inhalation ofelvigls of

265Hicks, I. (2014, April 10). Gas workers risk silica exposdige Intelligencer, Wheeling NevRegister

Retrieved from http://www.newregister.net/page/content.detail/id/598589/@&wkersat-Risk-Of-Silica- Ex---
.html

266 Qlsen, L. (2014, February 22). Houston Chronicle exclusive: Drilling boom, deadly legacy. Retrieved from
http://www.houstonchrdnle.com/news/speciakports/article/HoustoRhronicleexclusiveDrilling -boom
5259311.php#/0

267Hsieh, S. (2014, February 25). Why are so many workers dying in oil fields? Retrieved from
http://lwww.thenation.com/blog/178523/wiaye-so-manyworkersdying-oil -fields

268 Schneider, A., & Geewax, M. (2013, December 27):tlob deaths spiking as oil drilling quickly expands.
Retrieved from http://www.npr.org/2013/12/27/250807226&tumjob-deathsspiking-asoil-drilling-quickly-
expands

269 American PublitHealth Association. (2012, October 30). The environmental and occupational health impacts of
high-volume hydraulic fracturing of unconventional gas reserves. Retrieved from
http://www.apha.org/advocacy/policy/policysearch/default.htm?id=1439
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radon gas is a geus concern to workers andbte living nearbyBecausehe boiling

point of radon lies betweehose of propane and ethanasgous radon (222Rwjll

concentrate in ethane and propane fractioBEvated Rn activity concentration values
have been measured at sltaswellrkrown thatrthec e s si ng
radiological impact of the odnd gasextracting and processing industry is not

negligible?’®

1 May9, 2003 A New York Medical College studye-evaluated the chest-days of
patientswith exposure to silicaho diedfrom various respiratory problems and found
that more than eight pesnthad undiagnosed silicosis. The study suggsiat
occupational lung disease may be undercounted inrfsgloccupations. The autharé
this studysaidthat improved OSHA standards, with ongoing exposure monitoring and
medical surveillance, wouldggiificantly improve the recognition of cases and justify
more stringent preventive measures to reduce exposure. They further noted that
practitioners need skills in taking an occupational exposure higtlthpugh £n years
have passed since thlagidywas published both recommendatiorsave yet to be
implemented’?

Public Health Effects, Measured Directly

By several measures, evidence for frackirglated health problems is emerging across the
United States. In Pennsylvania, as the number of gas wells increase in a community, so do rates
of hospitalization. Drilling and fracking operations are correlated tielevated motor vehicle
fatalities (Texas), selfeported skin and respiratory problems (southwestern Pennsylvania),
ambulance runs and emergency room visits (North Dakota), infant deaths (Utah), birth defects
(Colorado), and low birthweight (multiple ates). Benzene levels in ambient air surrounding
drilling and fracking operations are sufficient to elevate risks for future cancers in both workers
and nearby residents, according to studies.

1 July 15, 2015 A study by University of Pennsylvania and Columbia University
researchers found that drilling and fracking actiwysassociated with increased rates of
hospitalization in Pennsylvania. During a period of dramatic increase in drilling and
fracking activity between 2007 and 2011, inpatient prevalence rates surged for people
living near shale gas well€ardiology inpatient prevalence rates were significantly
associated with number of wells per zip code and their density, while neuroladpeirip
prevalence rates were significantly associated with density of \Melpitalizations for
cancer, skin conditions, and urological problems also rose significantly. During the same
time period, no such increase in health problems was observedntral #ennsylvania
county without any drilling and fracking activity. In communities with the most wells, the

210 Steinhausle F. (2005). Radiologicampact onrman and thenvironment from theil and gasindustry: Risk
assessment for thaitical group.Nato Science Series: |V: Earth and Environmental Scienio#s10.1007/314020
23782_19. http://rd.springer.com/chapter/1007/:402023782_19

2"l Goodwin, SS., Stanbury, M., Wang, M.., Silbergeld, E., & Parker, E. (2003). Previously undetected
silicosis in New Jersey decedemsnerican Journal of Industrial Medicine, 4304-11. doi: 10.1002/ajim.10260
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rate of cardiology hospitalizations was 27 percent higher than in control communities
with no fracking.fiwhile the clinical significance of thesgociation remains to be shown,
[fracking] has just begun in Pennsylvania, and thus observing a significant association
over this short time istriking.é Our study also supports the concept that health care
utilization should be factored into the valuegts and benefits) of hydraulic fracturing
ov er 2%InarelateiNewsweektory, lead researchReynold Panettierir. sid,

At this point, we suspect that residents are exposed to many toxicantgnubseacial
stressors due to hydraulic fractuginear their homes and this may add to the increased
number of hcddpitalizations. o

T July 9, 2015 As part of a scientific assessment of well stimulation treatments, including
fracking, the California Council on Science and Technokiggiedthe potentihimpacts
of well stimulation on human health in Californighe risk factors directly attributable to
well stimulation stem largely from the use of a very large number and quantity of
stimulation chemicals. Thenknownnumber and toxicity of chemicatlsat are mixed
togethetin well stimulation fluids mee it difficult to fully quantify risk to the
environment and to human healbut he study highlighted the potential health risks
from exposure to frackingelated air pollution for the people of Lomdeles, 1.7 million
of whom live or work within one milefan active oil or gas wetl* Jane Long, co

aut hor, said, nAofficials should fully unde
all chemicals before allowing them to be used in Califormid'sl oper ati ons, 0 a
theLos Angeles Timeg®

1 June 22, 2015 A longtime midwife repoedher personal analysis ah ongoing spike
in infant deaths, miscarriages, and pl acen
followed the advent ddirilling and fracking activity there and appears linked to air
pollution episoded’®

1 June 3, 2015 A University of Pittsburgh studynked fracking to low birthweight in
three heavilydrilled Pennsylvania counties. The more exposure a pregnant womsm had
gas wells, the higher her risk for a smatleannormal baby. Exposure was determined
as proximity and density of wells in relation to the residence of the pregnant woman.
Compared to mothers whose homes had the fewest surrounding gas wells, matkers wh

22Jemielita T.GertonGL . , Nei dell M., Chillrud S.AQ¥&n B., Stute N
Unconventional gas and oil drilling is associated with increased hospital utilizatiorRiat&s ONELO, e0131093.

doi: 10.1371/journal.pone.0131093

2135chlanger, (2015, July 15). Living near fracking wells linked to increased hospitalization Negsweek

Retrieved fromhttp://www.newsweek.com/livingearfrackingwells-linked-increaseehospitalizatiorrates354093

2" Shonkoff, SB. C., Maddalena, R.., Hayes, J., Stringfellow, W., Wettstein, &., Harrison, R., Sandelin W., &

McKone, T.E. (2015, July 9). Potential imapts of well stimulation on human health in California, in California

Council of Science and Technology and Lawrence Berkeley National Labor&tohydependent Scientific

Assessment of Well stimulation in California, vol. 2: Potential Environmental pétlydraulic Fracturing and

Acid StimulationsRetrieved fromhttp://ccst.us/publications/2015/2015SB2. pdf

“Cart, J. (2015, July 9). Wat er xiadnemicals pacelfindkos may be at
Angeles TimeRetrieved fromhttp://www.latimes.com/local/lanowAme-californiasciencepanetwarnsthat
fracking-posesunknownrisk-20150709story.html

218 Solotaroff, P. (2015, Jur22 ) . What 6 s ki | | i ng RolinggStoheRdtrievedfromf Vernal , |
http://www.rollingstone.com/culture/features/frackimpatskilling -the-babiesof-vernatutahr20150622
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homes were nearetsta high density of wells were 34 percent more likely to have babies

who werle ffiosrmaglest at i on al edsigndicartly lesethani ng t hey
expected for the number of weeks of pregnancy. Although the study did not investigate
mechanisms, researchers identified air as the likely route of exposure. They supported

this argument by referencing another study done in WeBt&mnsylvania where airborne

particulate pollution correlated with low birth weight and by noting that particulates are
established shale gas infrastructure emissioi€® Low birth weight is deading cause

of infant mortality.

1 March 3, 2015 A follow-up study of 21 case studies from five states found that the
distribution of symptoms in animals and humans affected by néadiingoperations
was, since 2012, unchanged for humans and companion animals. In food animals,
reproductive problems decreasmakr time while respiratory problems and growth
problems increased. AThis | ongitudinal cas
detailed epidemiological data on the lelegm health effects of multiple chemical
exposures and multiple routes ofpesure that are characteristic of the environmental
i mpacts of unconvent® onal drilling operat.

1 March 3, 2015 A crosssectional studyy Yale University School of Medicine
researchergsing companion animals as sentinels of human exposure tonfraekated
chemicals investigated possible associations between reported health conditions of
companion and backyard animals in Southwest Pennsylvania and household proximity to
drilling and fracking operations. Among dogs living in households locatedHasone
kilometer from a gas well, risks for health problems were elevated, especially for dermal
conditions compared to animals living more than two kilometers from a3ffell.

1 January 1, 2015 A Yale-led team studied the relationship between housepiagimity
to drilling and fracking operations and reported health symptoms in Washington County,
Pennsylvania where 624 gas wells were in active operatiost of which had been
drilled in the pasfive to six years. Researchers found that health sympt@ported by
residents increased in frequency as distance between household and gas wells decreased.
Among persons living less than one kilometer from drilling and fracking operations,
rashes and upper respiratory problems were more prevalenauthor®f this study, the
largest to daten the link between reported symptoms and natural gas drilling activities,
say that their findings are Aé consistent

2" Shaina, LS., Brink, L.L, Larkin, J.D., Sadovsky, Y, Goldstein, ., Pitt, B.R., & Talbott, E.O. (205).

Perinatal outcomes and unconventional natural gas operations in southwest Penn&tle&h@ne10,e0126425.

doi: 10.1371/journal.pone.0126425

%pPpreidt, R. (2015, June 3). 6 FwWeaMkRetrieyedfrdmi nked to | ow b
http://www.webmd.com/parenting/baby/news/20150603/frackimeed-to-low-birth-weightbabies

2% Bamberger, M. & Oswald, RE. (2015). Longterm impacts of uconventional drilling operations on humans and
animal healthJournal of Environmental Science and Health, ParTéxic/Hazardous Substances and
Environmental Engineering, 5@47-59. doi: 10.1080/10934529.2015.992655

280 glizovskiy, 1.B., Conti, L.A., Trufan, S.J., Reif, JS., Lamers, VT., Stowe, MH., Dziura, J., & Rabinowitz, P.

M. (2015). Reported health conditions in animals residing near natural gas wells in southwestern Pennsylvania,
Journal of Environmental Science and Health, ParfAxicHazardous Substances and Environmental
Engineering50(5), 473481, doi:10.1080/10934529.2015.992666
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conditions in persons kyakkaciediteratear nat ur al
demonstrating the biological plausibility of a link between oil and gas extraction
activities and both categories of health effects repéffed.

December 17, 2014 As part of a lengthy review that became the foundation for New
York St at e 0 bighkbaume hydnaulic fracturinghe New York State Department of
Health (NYSDOH) identified environmental problems associated with fracking that

could contribute to adverse public health impacts. Among them: air pollution (particulate
mater, ozone, diesel exhaust, and volatile organic compounds) that could affect
respiratory health; drinking water contamination from underground migration of methane
and/or fracking chemicals associated with faulty well construction or seismic activity;
drinking water contamination from inadequate water treatment of fracking waste or from
surface spills of fracking chemicals or wastewater; earthquakes and thencoéat

fissures; increased vehicle traffic; increased noise; increased demand for housing and
medical care; and public health problems related to climate change impacts from methane
and other greenhouse gas emissions into the atmosphere. The NYSDOH Public Health
Review also discusddindings from surveys of health symptoms among residents living
near highvolume hydraulic fracturing activities. These inclda&in rash, nausea or
vomiting, abdominal pain, breathing difficulties, cough, nosebleed, anxiety, stress,
headache, dizziness, eye irritation, and throat irritation in populations living niiéagd

and fracking operations. The NYSDOH Public Health Reviewdhbtat ongoing studies

by both government agencies and several academic instituteregxploring the public
health risks and impacts of fracking but that many of these stwdieyears from
completion. The review concludes:

€ significant gaps exist in the knowledge of potential public health impacts from

[ hi gh vol ume hy dlhesexidtingsciefice iavestigatmg ng] é .
associations between [high volume hydraulic fracturaggivities and observable
adverse health outcomes is very sparse and the studies that have been published
have significant scientific limitations. Nevertheless, studies are suggestive of
potential public health risks related to [high volume hydrauliddiréag] activity

that warrant further careful evaluation.

In an accompanying letter to theew York StateDepartment of Environmental
Conservation, Health Commissioner Howard Zucker, MD, condlude

€ the overall weight of the evidence from the cumulative body of information
contained in this Public Health Review demonstrates that there are significant
uncertainties about the kinds of adverse health outcomes that may be associated
with [high volume hydaulic fracturing], the likelihood of the occurrence of

adverse health outcomes and the effectiveness of some of the mitigation measures

281 Rabinowitz, PM. Slizovskiy, I.B, Lamers, V., TrufanS. J., Holford, T.R., Dziura, JD. , ¢ 3t owe, M.
(2015). Proximity to natural gas wells araported health status: results of a household survey in Washington
County, Pennsylvani&nvironmental Health Perspective®3 21-26. doi:10.1289/ehp.1307733ee also footnote
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in reducing or preventing environmental impacts which could adversely affect
public health. Until the science providedfgient information to determine the

level of risk to public health from [fracking] to all New Yorkers and whether the
risks can be adequately managed, DOH recommends that high volume hydraulic
fracturing should not proceed in N¥%&

1 October 13, 2014 According to the North Dakota Health Departmeiné humber of
HIV and AIDS cases in North Dakota more than doubled between 2012 and 2014, and
casesveres hi fting to the statebds western oil
cases occuied Previoudy, only 10 percent of cases were in that redfdThis trend
followedon the heels of an upsurge in sexually transmitted chlamydia cases in the same
region.TheNorth Dakota statdirector ofdiseasecontrol, Kirby Kruger,attributed the
uptick in HIV cases to the drilling and fracking industry and attempted to spread HIV
prevention messages at the fAman campso t
industry?84 Human trafficking for purposes of prostitution accompanied the fracking
boom but herewasa slortage of medical professionals to address this public health
crisis, according to Kruger, who noted thiatvasdifficult to hire nurses and medical staff
who couldlive in the area on a public health wage.

h a

1 October 2, 2014 According to researchers from the University Pennsyl vani ao:

of Excellence in Environmental Toxicologsn increasing number of gas wells in
Pennsylvanias significantly correlated with irgiient rates of hospitalization. The
research teamolleded data from seven different insurance providers for three counties;
the studyoés publ®®cation is forthcoming.

1 September 11, 20T74In Texas, commercial vehicle accidents have increased than

50 percent since 2009whenh e st at ed s dfragkimg boagbedani | | i ng
according to an investigation by thl®ustonChronicleandHouston Public Media News
887AFor six decades, highway deaths have

St at. 84 & Texas all motor vehicle fatalitiésand accidets involving commercial
trucksi have turned back upward since the gstél drilling and fracking boom began

in 2008.0 This rising motor vehicle death

in the Eagle Ford and Permian Basin, now placdsa¥y drilling and freking. A new

Department of Publprco@gradmtfyi mMRo aaln kChalclky,

of Texa®commercial trucks shouldn't be operating at all due to potentialty life

282 New York State Department of Health. (2014, DecemberA publichealth review of high volume hydraulic
fracturing for shale gas developmeReetrieved from

http://www.health.ny.gov/press/reports/docs/high_volume hydratdicturing.pdf

283 Associated Press. (2014, October 13). North Dakota HIV/AIDs rate rises with population growth. Retrieved from
http://billingsgazette.com/news/steaadregional/montana/norttlakotahiv-aidsrateriseswith-population
growth/article_a939fe@f737-5cfb-957Fab800673f4d7.html

284 Heitz, D. (2014, September 30). Oil Boom helps fuel surge in HIV in North DaketdthlineNewsRetrieved

from http://www.healthline.com/heakhews/oitboomhelpsfuel-hiv-surgenorth-dakota093014#1

285 Skrapits, E. 2014, October 2). Study: More gas wells in area leads to more hospitalizétiors. Ci t i zenods
Retrieved fromhttp://citizensvoice.comews/studymore gaswells-in-arealeadsto-more-hospitalizations
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threatening safety problems like defective brakeg] tieds, inoperable safety lights and
unqualified, unfi®®®o5r intoxicated drivers.

1 August 3, 2014 Hospitals in the Bakken Shale region reported a sharp rise in ambulance
calls and emergency room visits ahfndither 2006
Tioga Medical Center in neighboring Williams County saw their ambulance runs increase
by more than 200 percent. Tiogads hospital
1,125 percent. Mercy had a 373 padrcent inc
prescription drugs, methamphetamine, and heroin) explain many of the cases, with
oil field related injuries such as fAfingers
pressure burnso thecacernst imgomer 030%hef regi o
emergency room&8

1 May 21, 2014 Raising questionabout possible links to worsening air pollution from
t he Uintah Basi nos healthpréfe3dionateportedthatthfarg as wel |
deathsn Vernal, Utah, rose to six times the normal kater the past three years
Physician Brian Moench said, fAWe know that
pollution have much higher rates of virtually every adverse pregnancy outcome that
e X i s And e know that this particular town is the center obdand gas boom
that s been going on for the past five or
and hi g#°Althaughritérmerly had pristine air quality, Uintah County, Utah
received a grade AFO0 for woxndrse 2i0mn 3t IS¢ aA me ro
Report?*®°

1 January 28, 201#% Congenital heart defegtand possibly neural tube defects in
newbornswere associated with the density and proximity of natural gas wells within a
10mi Il e radius of mot hamesbH25006 lsirihgdfrem 98809 i n a s
in rural Colorado. The researchers note that natural gas development emits several
chemicals known to increase risk of birth defects (teratogéhs).

%%6QlsenL. (2014, 11 September). Fatal truck accidents hav
boom.Houston ChronicleRetrieved from http://www.houstonchronicle.com/news/article/Frackimghydraulic
drilling-havebroughta-5747432.php?cmpid=emgiremium&cmpid=emaipremium&t=1a9cal10d49c3f0c8a9#/0
287 Schneider, A. (2014, 12 October). In Texas, traffic deaths climb fratiking boomNational Public Radio
Retrieved fromhttp://www.npr.org/2014/10/02/352980756fexastraffic-deathsclimb-amid-frackingboom

28 Bryan,K. J. (2014, August 3). Drugs, oilfield work, traffic pushing more people through doors of Watford City
ER.Bakken TodayRetrieved fromhttp://www.bakkentoday.com/event/article/id/37101/

289 3chlanger, Z. (2014, May 21). In Utah boom town, a spike in infant deaths raises qublsionseekRetrieved
from http://www.newsweek.com/2014/05/30/utabomtown-spikeinfantdeathsraisesquestions251605.html

2% American Lung Association. (2013 merican Lung Association state of the air 2013. Retrieved from
http://www.stateoftheair.org/2013/states/utah/uird@B47.html

291 McKenzie, L. M., Guo, R., Witter, R. Z., Savitz, D. A., Newman, L. S., & Adgate, J. L. (2014). Birth outcomes
and maternal rédential proximity to natural gas development in rural Color&ioironmental Health
Perspectivesl22, 412417. doi: 10.1289/ehp.1306722
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1 January 4, 2014 Preliminary data from researchers at Princeton Usityg Columbia
University, and MIT showed elevated rates of low birthweight among infants born to
mothers living near drilling and fracking operations during their pregnaftéies.

1 October 2013 A preliminary study of the health impacts of oil and gasaetion on
infant health in Colorado found that proximity to wéllsnked with air pollutants from
fracking operation$ was associated with reductions in average birthweight and length of
pregnancy as well as increased risk for low birthweight and prentzsitthé®s A study
by the same author, currently under reviesujch analyzed births to Pennsylvania
mothers residing close to a shale gas well in Pennsylvania from2280@Balso
identified increased risk of adverse effects. This includes low birth weighiell as a 26
percenincrease in APGAR scores undei(BPGARA or American Pediatric Gross
Assessment Recaddis a measure of newborn responsiveness. Scores of less than 8
predict an increase in the need for respiratory suppdrt

1 August 26, 2013 Medical experts at a rural clinic in heawtifilled Washington
County, Rnnsylvaniaeported case studies of 20 individuals with acute symptoms
consistent with exposure to air contaminants known to be emitted from local fracking
operationg® 2%

1 May 2, 2013 A communitybased participatory research study in Pennsylvania tested
air and water quality and surveyed seported health symptoms of more than 100
residents living near drilling and fracking operations. The team detected a total of 19
volatile organic compounds in ambient air sampled outside of homes.efitwed
health symptoms closely matched the established effects of chemicals detected through
air and water testing at those nearby sitésreoverthosesymptomsoccurred at
significantly higher rates in households closer to the gas facilities than &nibses
away?®’ Indicative of the growing prevalence of such health impacts in the state, a poll
showed that twathirds of Pennsylvanians support a moratoriumraoking because of
concern about negative health imp&éts.

292\Whitehouse, M. (2014, January 4). Study shows fracking is bad for bBlesaberg Retrieved from
http://www.bloombergview.com/articles/2004-04/studyshowsfrackingis-badfor-babies

293Hill, E. L. (2013, October). The impact of oil and gas extraction on infant health in Colorado. Retrieved from
http://www.elainelhill.com/research

294 Hill, E. L. (2013 December). Shalgasdevelopment anthfanthealth: Evidence from Pennsylvania (under
review). Retrieved from http://www.elainelhill.com/research.

Abrams, L. (2013, August 26). Fr aclcalan@gdirevedferal heal t h
http://www.salon.com/2013/08/26/frackings_real_health_risk_may be_ from_air_pollution/

2% Dyrszka, L., Nolan, K., & Steingraber, S. (2013, August Statement on preliminary findings from the
Southwest Pennsylvania Environmental Health Project Jterhss releage Concerned Health Professionals of
NY. Retrieved fromhttp://concernedhealthny.org/statementpreliminaryfindingsfrom-the-southwest
pennsylvanigenvir. . .

297 Steinzor, N., Subra, W., & Sumi, L. (2013). Investigatiimis betweershalegasdevelopment antiealth
impactsthrough acommunitysurveyproject in PennsylvaniaNEW SOLUTIONS: A Journalf Environmental and
Occupational Health Policy23(1), 5583. doi: 10.2190/NS.23.1.e

298 phillips, S. (2013, May 14). Poll shows support for a drilling moratorium in Pennsyh\&tatelmpactRetrieved
from http://stateimpact.npr.org/pennsylvania/2013/8fitll-showssupportfor-a-drilling-moratoriumin-
pennsylvania/
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Noise pollution, light pollution, and stress

Drilling and fracking operations and ancillary infrastructure expose workers and nearby
residents to continuous noise and light pollution that is suskd for periods lasting many
months. Chronic exposure to light at night is linked to adverse health effects, including breast
cancer. Sources of frackingelated noise pollution include blasting, drilling, flaring,
generators, compressor stations, and tkucaffic. Exposure to environmental noise pollution

is linked to cardiovascular disease, cognitive impairment, and sleep disturbance. Workers and
residents whose homes, schools, and workplaces are in close proximity to well sites are at risk
from these eposures as well as from related stressors. A UK Health Impact Assessment (HIA)
identified stress and anxiety resulting from drillingelated noisé as well as from a sense of
uncertainty about the future and eroded public trdstas key public health risks fated to
fracking operations.

1 July 9, 2015 As part of its assessment of potential health impacts, the California
Council of Science and Technology looked at the impacts of noise and light pollution
from oil and gas operations in California. The reseaschetel that a number of
activities associated with drilling and fracking genatateise levels greater than that
considered dangerous to public health. Noise is a biological stressor that can aggravate or
contribute to the development of hypertensiod heart problems. In California, noise
from well stimulatiorwasassociated with both sleep disturbance and cardiovascular
disease in a dosesponse relationship. Exposure to artificial light at night has been
linked to breast cancer in women, althoughadt no research has been conducted on the
public health implications of light pollution from oil and gas extraction specifiélly.

1 December 17, 2014 The New York State Department of Health identified community
impacts related to noise as a potentiaitdbutor to a variety of negative health impacts
from drilling and fracking operations but noted that considerable scientific uncertainty
remains on the issue of noise exposure per se as a risk factor. Noise, air pollution, traffic,
vibration, odors, andighttime lighting may all increase together as proximity to a
drilling site decrease¥?

1 December 1, 2014 Range Resourc&dorporatiorwar ned supervi sors in
Donegal Townshiphatai bi g bur nodé natur al gas afweerr e wi |
a n avill produce a continuous noise of as much as 95 decibels at the well pad. Sustained
decibel levels between 90 and 95 can result in permanent hearing loss, but workers will
be equipped with ear protectiompessedTownship
concern for residents, saying, AThey told

29 shonkoff, SB. C., Jordan, PHays, J., Stringfellow, WT., Wettstein, ZS., Harrison, R., Sandelin, W., &
McKone, T.E. (2015, July 9). Volume II, Chapter 6: Potential impacts of wathidation on human health in
California. In:An Independent Scientific Assessment of Well Stimulation in Calif@ali#ornia Council on
Science and Technology, Sacramento, CA. Retrieved ffittpr/ccst.us/publications/2015/vblchapter6.pdf

300 New York State Department of Health. (2014, DecemberA public health review of high volume hydraulic
fracturing for shale gas developmeReetrieved from
http://www.health.ny.gov/press/reports/docs/high_volume_hydraulic_fracturing.pdf
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well flares, and the noi sHEeravarelhbuseswithiha ke a
couple of hundred yards of the well pad, and those folks are goingte #% it . o

1 November 6, 2014 Sakthi Karunanithi, Director of Public HealthLancashireJK,
reported on a Health Impact Assessment (HIA) of the two proposed shale gas exploration
sites in Lancashire. Kar unanhethdaih@dwalt udy d
being of the residents who live near the two proposed sites in Lancashire include stress
and anxiety from uncertainty that could leadiypoor mental wellbeing,and noise
related health effects due to continuous drillifge HIA alsonotedalack of public trust
and confidencé?®? 303

1 September 2014 The Ohio Shale Country Listening Project, a collaborative effort to
solicit, summarizeand share the perspectives and observations of those directly
experiencing the shale gas build oueastern Ohio, found that the more shale gas wells
a community has, the less popular the oil and gas indostgymesMany residents
reported that thelgadnot experienedthe economic benefits promised by the oil and gas
industry They complained of ineasedent andcoss of gas and grocerigean influx of
out-of-state workeranorevehicularaccidentsroad destruction frofarge trucksand
damaged landscape and cropldmtalsreported feelindess secure and more
financially strapped®

f June 20,2041 n its discussion of AOiIl and Gas Dr
U.S. Office of Indian Energy and Economic Development deataibise pollution from
bulldozers, drill rigs, diesel engines, vehicular traffic, blasting, and flaring of ga$ | f
noiseproducing activities occur near a residential area, noise levels from blasting,
drilling, and other activities could exceed th&s. Environmental Protection Agency
(EPA) guidelines. The movement of heavy vehicles and drilling could resutdudnt
to-continuous noise . Drilling noise would occur continuously for 24 hours per day for
one to two months or more de{&xposureatg on t he
chronic noise can be deadlyhe World Health Organization has documented the
connection between environmental noise and health effects, including cardiovascular
disease, cognitive impairment, sleep disturbance, and tinAitlisast one million

301 Hopey, D. (2014, December 1). Gas flare to light up part of Washington Clittspurgh Post Gazette.
Retrieved from http://[powersource.pasizette.com/powersource/comparnpesversource/2014/12/01/Géare-to-
light-up-partof-WashingtorCounty/stories/201411250224

302 Karunanithi, S. (2014, November ®otentialhealthimpacts bthe proposedshalegasexplorationsites in
LancashireReported at a meeting of the Lancashire County Council Cabinet, Thursday, 6th November, 2014 at
2.00 pm in Cabinet Room 'BCounty Hall, Preston, Item 9 on the agend&g). Retrieved from
http://council.lancashire.gov.uk/documents/b11435/Potential%ah620Impacts%200f%20the%20Proposed %2
0Shale%20Gas%20Exploration%20Sites%20in%20Lancashire%2006t8014%2014.pdf?T=9

303punkley, E. (2014, November 7). Fracking in Lancashire 'may affect mental health', repoBB@IBIEWS
Lancashire Retrieved fromhttp://www.bbc.com/news/uknglandlancashire29944212

3%%0hi o Organizing Collaborative (OOC)6s Communities Uni
from the Ohio Environmental Council (OEC), FracTracker.org, and Laborers Local 809 of Steubg&ile
September). Ohio Shale Country Listening Project. Retrieved from
http://carroliconcernedcitizens.org/uploads/2014_Shale Report small_.pdf

305 0il and Gas Drilling/Development Impacts. (n.d@jl and gas drilling/development impacRetrieved from
http://teeic.indianaffairs.gov/er/oilgas/impact/drilldev/index.htm
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Aheal thy | ife year s o0 -raated noismisthe westempaftoy ear f
Europe3°®

1 February24, 2014 In a review of the health effects from unconventional gas extraction
published in the journdnvironmental Science & Technolgdgading researchers noted,
ANoOi se exposure i s a signi fiplesaunces,imcldingr d du
heavy equipment, compressors, and diesel powered generators. Loud continuous noise
has health effects in working populations. It is likely that exposure to noise is substantial
for many workers, and this is potentially importanttealth because drilling and
servicing operations are exempt from some sections of the Occupational Safety and
Health Administratiomoi se st andard. o0 They noted that
stressors such as noise and light in the context of drilhdgracking operations in order
to understand the overall effect of chemical and physical stressors tojéther.

1 May 30, 2014 TheDenver Posteporedthat n or der to hel p meet C
limits for fracking operations in suburban neighborhoauaslpartially block the glare of
floodlights), Encana Oil and Gas erectethdh-thick polyvinyl walls up to 32 feet high
and 800 feet londResidentsaid that the plastic waltdo not completely solve the
problem?3°®

1 October 25, 2018 An analysis of well location and census data bywradl Street
Journalrevealed that at least 15.3 million Americans now live within a mile of a well
that has been drilled since 2000. According to this investigation, the fracking boom has
ushered eicredfelnntpd i ndustrializationdo of com
nation and, with it, fA24/ 7 omovimgequiprmentj a | noi
and truck traffic3®®

1 April 16, 20137 In a presentation on oil field light pollution for a corgiece on

ASustainable Environment and Energy: Searc
t he Royal Astronomical Society of Canada d
andpoorlyai med fi xtures in oil fiel dswaterowl Al ber t
mortalityo |inked to artificial il 1l uminat.

pollution on wildlife, as well as the possibility of these effects on humadsiding
circadian disruption, melatonin suppressiand possible resulting hoonally-linked
diseases!® Known to have ecological impactgjtdoor light pollutionfrom drilling and

306 Rodier, G. (2011, June 1). Burden of disease from environmental-rQisantifcation of healthy life years lost

in Europe WHO. Retrieved from http://www.who.int/quantifying_ehimpacts/publications/e94888/en/

307 Adgate, J. L., Goldstein, B. D., & McKenzie, L. M. (2014). Potential public health hazards, exposures and health
effects fom unconventional natural gas development [Abstr&etyironmental Science & Technologloi:
10.1021/es404621d

308 Finley, B. (2014, May 29). Oil and gas industry building giant walls to try to ease infj@cDenver Post

Retrieved from http://www.denvpost.com/ci_25859469/edndgasindustry-building-giantwalls-try

3¥®Gol d, R. & McGinty, T. (2014, Oct. 25TheWak®treatgy boom p
Journal.Retrieved fronmhttp://online.wsj.com/news/articles/SB100014240527023036¥24%W149432365326304
310Dechesne, R. (2013). Limitingl field light pollution for safety and thenvironment. Sustainable Environment

and Energy CPANS 2013 Conference. Retrieved from
http://www.cpans.org/assets/Uploads/Presentations/NewFolder/Sdsstolnd Dechesne.pdf
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fracking operations may al$® linked to artificial lightassociated health effects
documented in humans, including breast cafer.

1 April 201371 Led bytheUniversity of Pittsburgh Graduate School of Public Headth
studyof community members living in proximity to Marcell&hale drilling in
Pennsylvania found adverse impacts to mental health stvéks the most frequently
reported symptom. At leasali of all respondents in each set of interviews reported these
specific stressorsncluding:being taken advantage of; health concerns;
concerns/complaints ignored; corruption; denrdgdrmationor provided with false
information. Many also reported thlesire to mover leave community, estrangement
from community, and financial damages. Researchersl tiwdé stress caresult in direct
health impact$!? Notably, mountingevidence indicates that chronic stresagnifies
i ndi vi dual s 0 fectaospoleitpm forkchildran,tthyantdractiveeeffectan
beginduring prenatal lifél?

1 September 7, 201i1A study by researcheat Boise State University and Colorado State
University at Fort Collins modeled tip@tential impacts of compressor statnoise from
oil and gas operations on Mesa Verde National Park in Colofdaostudyfound the
sound of 64 compressors outside Mesa Verde elevated the sound level within the park by
34.8 decibels on average, and by 56.8 decibels on the side of tHegadekiclosest to
the compressorédccor di ng to the EPAsab® detoiskeel €vie
avoid damage to the human é4r.

Earthquakes and seismic activity

A growing body of evidence from Ohio, Arkansas, Texas, Oklahoma, and Colorado links
fracking wastewater injection (disposal) wells to earthquakes of magnitudes as high as 5.7, in
addition to swarms of minor earthquakes and fault slipping. Many recent studies focus on the
mechanical ability of pressurized fluids to trigger seismic acyviln some cases, the fracking
process itself has been linked to earthquakes and seismic activity as significant as magnitude
4.4. The question of what to do with wastewater remains a problem with no viable, safe solution.

1 July 27, 2015 During a seveitlay period in late Julythe state oOklahoma
experienced 40 earthquakes. According to the U.S. Geological SW8ES) three
registered abovmagnitude4.0, one of which wastrong enougho be feltby 1.9 million

311 Chepesiuk, R. (2009). Missing thlark: Healtheffects oflight pollution. EnvironrmentalHealth

Perspetives117(1), A20i A27.

312 Ferrar, K.J., Kriesky, J., Christen, €., Marshall, L.P., Malone, SL., Sharma, RK., Michanowicz D. R., &
Goldstein, B.D. (2013). Assessment and longitudinal analysis of health impacts and stressors perceived to result
from unconventional shale gas development in the Marcellus Shale redgernationalJournal ofOccupational &
EnvirormentalHealth, 19(2),104-112. doi:10.1179/2049396713Y.0000000024

313 Cooney, C.M. (2011). Streigsollution interactions: Aremergingissue inch i | d mealthréssarch.
EnvirormentalHealth Perspedtes,119 a4306a435. http://dx.doi.org/10.1289/ehp.14930

314 Barber, JR., Burdett,C.L., Reed,S. E.,Warner,K.A., Formichella,C., Crooks,K.R., TheobaldD.M., &.

Fristrup K. M. (2011). Anthropogenic noise exposure in protected natural areas: estimating the scale of ecological
consequencesandscape Ecolog®6(9),12811295.
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people, including residents séveralsurrounding state¥? In response, gas and oil

operators voluntarily shut down two nearby wastewater injection wells and reduced
operations by half at a third wéfi® According tothe Oklahoma Geological Surveie

recent quakes are occurring along a faoé that extends north of Oklahoma Cityd

signal greater potential for a larger earthqu#tk&en days before the voluntary
shutdownsthe Oklahoma Corporation Commission, which regulates the oil and gas
industry,put 211wastewater disposal wells undertra review?'® As we go to press,
Oklahoma regulators, acknowledging that previous efforts have been unsuccessful in
reducing seismic activity, asked operators of 23 injection wells to decrease the amount of
wastewater injected by 38 percent and signdlatimore sweeping regulatory actions

may follow3*°

1 July 1, 2015 Two researcherérom theUSGSand the Geological Survey of Canada,
offered a summary of the history, basic geology, and engineering of fracking fluid
injection and induced seismicitioting that since 2000klahoma had experiencéso
earthquakes of very large magnitude (5.0 and $8)authorscadldf or fia det ai | e
understanding of the physical processeslved in inducing large magnitude events and
a detailed understandingofthepeogy and hydr ol ogy at the si
They also noté that many important parameters are either unknown or not easily
constrained, making it Adifficult to deter
those th#%t will not. o

1 June 30, 2015 The Oklahoma Supreme Court rukb@dthomeowners who have
sustained injuries or property damage that they believe is due to earthquakes caused by
oil and gas operations can sue for damages in state trial courts. The number of
earthquakes wh magnitude 3.0 or higher has skyrocketed in Oklahoma, with 1,100
predicted to occur in 2015. Earlierthisyearc i ent i st s at the stateod:
reversedorior views and embraced the conclusion that the majority of the recent
earthquakes in céralandnorttc ent r al Okl ahoma were dAvery |
underground wdswater disposal. Industry lawyers have complained that liability for
such damages will be economically unsustainable. A separate class action lawsuit is

315.S. Geological Survey, (2015, July 27). M#.6 km NNE of Crescent, Oklahoma. Retrieved from
http://earthquake.usgs.gov/earthquakes/eventps@@d030gd#impact pager

316 Oklahoma Corporation Commission (2015, July 28). Media advisory: new actions taken in response to
earthquake activity in the Crescent area. Retrieved Fritpy//www.occeweb.com/News/Crescent%20wells.pdf
317 Murphy, S. (2015, July 28). 2 injection wells shut down after Oklahoma quakssciated PresRetrieved
from http://www.santacruzsentinel.com/business/20150728¢2tionwells-shutdown-afteroklahomaquakes
318 Oklahoma Corporation Commission (2Q00%ly 17). OCC announces next step in continuing response to
earthquake concerns, 2plus more disposal wells added to action list, press release. Retrieved from
http://www.occeweb.com/News/DIRETIVE-2.pdf

31%Wines, M. (2015, August 4). Oklahoma Acts to Limit Earthquake Risk at Oil and Gas WealNew York
Times.Retrieved from http://www.nytimes.com/2015/08/05/us/oklah@uizto-limit -earthquakeisk-at-oil-and
gaswells.html?_r=0

320 Rubenstin, J.L. & Mahani, A.B. (2015). Myths and facts on wastewater injection, hydraulic fracturing,
enhanced oil recovery, and induced seismi@gismological Research Letters(86 10601067.
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planned®?!

1 June 19, 2057 By compiling a database of 187,570 injection wells in the central and
eastern United Statedniversity of Colorado Boulder andSGSresearchers were able
to test for associatiorisetween fracking waste disposal and earthqudkesults showed
far more injection wellsverepotentially related to earthquakes than had previously been
realized, and activdisposalonly wells weremore tha 1.5 times more likely than active
oil extractionwells to be associated with an earthquakeaddition, higkrate injection
wells, receiving more than 300,000 barrels of fluid per maménemuch more kely
than lowerrate wells to be associated with an earthquake, while other faotusling
wellhead injection pressure, appeavecklated o increased earthquake activifyhe
studycalled or managing injection rates as fa u
induced earthquakes. o0 The researchers did
activitiesper seas a potential confoundingriable3?% 323

S

1 June 18, 2015 Close examination of several areas in Oklahoma by Stablfioircbrsity
geophysicists revealed that dramatic increases in recent earthquake activitgdéHaoov
10-fold increases imleepwell injectiono f b r i ny fep thehdhiysatyfluid a t
thatrises to the surfadeom waterbearing oil reserveand requires disposalhe rate of
earthquake occurrencehichbegan to increase in 2008 now 600 times higher than it
was before the onset of widespread frackinthenstateThe disposalof this type of
wastein Oklahomamostlyoccursvia injectioninto geologicalformations that appear to
be in hydraulic communication with potentially active faults in the crystalline basement
The study proposed that increasprgssure, spreading away from injection wells over
time, couldeventually trigger slipon critically stressed faults, resulting in earthquake
activity.1 t i s | evéndf Injgction fiomtmany viells were to stop immediately,
seismicity would continuas pressure continues t33 spread

1 June 12, 2015 Researchers in France uncovered an unexpected mechanism by which
subsurface fluid injections, such as those used invoghme hydrofracturing, can cause
earthquakesThey found hat injection of pressurized water can cause fault lines to
ficreem rather tharslip suddenly as occurs during earthquakestHguakeslid follow
this slow movement but took plaitea portion of the fault outside the pressurized zone.
This researckdemonstratethat subsurface injection of fluids under pressure can cause

321 Oppel Jr., R.A. (2015, June 30). Oklahoma court rules homexm/can sue oil companies over quakéaNew

York TimesRetrieved from http://www.nytimes.com/2015/07/01/us/oklahemartruleshomeownersansueoil -
companiesover-quakes.html?emc=edit_tnt_20150630&nlid=66402583&tntemail0=y&_ r=0

s22\Weingarten, M. GeS., Godt, JW., Bekins, BA., & Rubinstein, JL. (2015). Highrate injection is associated

with the increase in U.S. micbntinent seismicityScience, 34@241), 13361340.

323Rosen, J. (2015). Pumped up to rumble: massive studies of wastewater injection wells show fast pumping raises
earthquake riskScience, 368241),1299.

2Wall, F.R. 111 & Zobakc, M.D. (2015). Oklahomaodos rece
Science Alvances, 1(5), e1500195.
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primarygradualslippage of fault planes leading to secondargderseismic activity?>>
326

1 June 11, 2015 As reported by the Vancouver news magadiheTyee seismic events
of maqnitude greater than 2.0 (but less than 4.0) in the Fox Creekvareseported in
Al berta, Canada since the initiation in Fe
responding to measured seismic activity. The system reqargsg responses
accordng to themagnitudeof the event, ranging from no action upcEasng operations
and informing theAlberta Energy Regulatdor events at magnitudes greater than 4.0.
Experts notd that the system does not work well when the largest event in the sequence
is the first eventMoreover, once a sequence of earthquakes is initiated, the sequence
may continue, sometimes with larger earthquakes, long after potentially caaksty
drilling or injection activities have ceasé&d.

1 June 1, 2015 In a datarich presentation, a team of researchers from St. Louis
University, Colorado State University, abdGSc oncl uded t hat #Aa fund
inthe earthquakée r i ggering process has occurredo in
field monitoring and higiperformance software, computer models illustrate active
earthquake sequences associated with |
supporting |l arge earthquakes (M, ,®Whicho 6
could occumear population centersGexpensive infrastructure associated with the oil
and gas industry, such as a large underground -ilidtorage facility>®

5

g

0
) 0O a

1 May 11, 2015 A series of directives from the Oklahoma Corporation Commission
reveaeda slowly evolving approach to the regidat of disposal well operations in that
state, and the gradual tightening of a Atr
determine whether disposal wells for fracking waste should be permitted, permitted only
with special restrictions and requiremermsnot permittegin light of the nowproven
connection between the injection of liquid waste and the soaring frequency of
earthquakes in Oklahom&ince 2013, earthquake activity in Oklahoma has continued to
increase in rate and intenstgy: 33°

325Guglielmi, Y., Cappa, F., Avouac-B., Henry, P., & Elsworth, D. (2015). Seismicity triggered by fluid
injectiori induced aseismic sliggcience3486240), 12241226.

326 Johnson, SK. (2015, June 11). Making tiny earthquakesitolerstand frackingriven quakesarstechnica.
Retrieved from http://arstechnica.com/science/2015/06/makigegearthquakeso-understandracking-driven
guakes/

327 Nikiforuk, A. (2015, June 11). More industry linked earthquakes recorded in Albtiedyee.caRetrieved from
http://thetyee.ca/News/2015/06/11/MdfeackingEarthquakes/

328 McNamara, DE., Rubinstein, 1., Myers, E., Smoczyk, G., Benz, ML, Williams, R.A., . . .Earle, P. (2015).
Efforts to monitor and characterize the recent incrggs@ismicity in central Oklahom@he Leading Edge, 88).
doi: 10.1190/tle34060628.1

328 Oklahoma Corporation Commission, Qil & Gas Conservation Division. (2015, May 11). Media advisory:
Ongoing OCC earthquake response. Retrieved from http://www.occeweéNeasi2015/ADVISORY %20
%20TRAFFIC%20LIGHT.pdf

330 Oklahoma Corporation Commission. (n.d.) Seismic statement. Retrieved from
http://www.occ.state.ok.us/SeismicStatementB.pdf
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1 April 23, 201571 In a firstof-its-kind approach, thedlSGSis updating its National
Seismic Hazard Model (NSHM) to address the rapidly increasing, highly variable, and
difficult-to-predict hazards of induced earthquak@g his initial report identified 17
areas witim eight states (Alabama, Arkansas, Colorado, Kansas, New Mexico, Ohio,
Oklahoma, and Texas) with increased rates of induced seismicity, including many areas
experiencing earthquakes of large magnittid@wo days before the release oith
report, Oklahomads st ate government acknowl edged f o
di sposal related to oil and gas drilling i
earthquakes in many areas of OklahothaNew York Timeseported*3 Several states
have developed protocols to shut down existing wells and halt drilling of new disposal
wells following an upsurge in earthquake activity.

1 April 21, 2015 Analyzing theunusual increase of seismicity in north Texas since 2008,
researcherfom Southern Methodist University, thiSGS andUniversity of Texas at
Austin concluded that observed earthquake swarms were associated both with extraction
(of gas and brine formation waters) and injection (of fracking wastewater), via significant
stress changes at earthquake depiine esearcheamnotedthat baseline pressure
monitoring datathough easy to obtain and routinely collected by industry at well sites,
werecurrently fAneither required nor typicaldl
trans@rency and cooperation in regional seismic monitoring is needed to generate more
comprehensive data sets that are necessary for robust earthquake hazard theglysis
asserted34 3%

1 April 21, 2015/ In a statement reporting on an increase in earthquakeklahoma of
greater than magnitude 3.0 from less than two per year historically to over two per day in
2015, the Oklahoma Geological Society acknowledged that that the primary, suspected
source of fAtriggered sei s nproduced waberassoteat he 1 n
with oil and gas productioft®

331 petersen, MD., Mueller, C.S., Moschetti, M.P, Hoover, SM., Rubinstein, JL., Llenos, A.L., . . .Anderson,
J.G. (2015). Incorporating induced seismicity in the 2014 United States National Seismic Hazard Reslglts
of 2014 workshop and sensitivity studies: U.S. Geological Survey-BpeiRReport 20161070. Retrieved from
http://dx.doi.org/10.3133/0fr20151070

332USGS. (2015, April 23). New insight on ground shaking from meale earthquake’lSGS Newsroom.
Retrieved from http://www.usgs.gov/newsroom/article_pf.asp?ID=4202

333 pérezPerfia, R. (2015, April 23). U.S. maps pinpointlegnakes linked to quest for oil and gakeNew York
Times.Retrieved from http://www.nytimes.com/2015/04/24/ushuspsareasof-increaseecarthquakesrom-
humanactivity.html?ref=us&_r=1

334Hornbach, MJ., DeShon, HR., Ellsworth, W.L., Stump, BW., Hayward, C., Frohlich, C.,. . Luetgert, J.H.
(2015). Causal factors for seismicity near Azle, Tekure Communications(6728). doi: 10.1038/ncomms7728
3% Richter, M. (2015, April 21). Small north Texas quakes likely linked to oil, gas opesatitody.Reuters.
Retrieved from http://www.reuters.com/article/2015/04/24/satexasearthquakedUSKBNONC2DY20150421
336 Andrews, R.D. & Holland, A. (201%April 21). Statement on Oklahoma Seismicity. Retrieved from
http://wichita.ogs.ou.edu/documer@S_ StatemerEarthquakesgl-21-15.pdf
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1 March 30, 2015 Bloomberg Businesgported that Oklahoma state seismologists had
received pressure from oil industry representatives to downplay the evidence linking
fracking wastewater disposal the soaring frequency of earthquakes in the 8tate.

1 March 6, 2015 A careful and detailed analysis of historical data coupled with onsite,
reattime measurements of seismic activity in central Oklahoma via rapidly deployed
seismic sensors revealedttheactivated ancient faults responsible for thousands of
earthquakes in Oklahoma are capable of causing larger seismic events. Current hazard
mapsdid not include induced seismicity and therefore underestimate earthquake hazard,
the USGS reported. Untilewv hazard maps become available, providing information
about the type, length, and location of these reactivated taultd provide guidance to
the oil and gas industry and help inform palpolicy decisions$28 In addition, noted lead
author Dan McNamayta such i nformation can fiaid in ad
that structures can withstand more damaging earthqdkes.

1 February 20, 2015 Scientists with the USGS reportedSuoienceabout grappling with
an unexpectethcrease innjectionrelated seismic activity across the middle of North
America. In 2014, the number of measured earthquakes with magnitude of 3 or greater in
Oklahoma exceeded that in California, and observations increasingly djpasthe
effects of fluid inectionwerenot confined to the target formation but insteate
communicated, sometimes to greater depths, alongxiseng faults. Making hazard
model i ng mor e di falltsaaiohly deteciedwhenttheydre imaped lsye f
well-locatedinddced eart hquakes. 0 Consequentl vy, pr e
seismic activity may not be possible, leading to a recommendation that injection projects
should be sitedway from population cente?&

1 February 5, 2015 Citing an association between inased water use and fracking
induced seismic activity, a research scientist at the Geological Survey of Canada offered
the quantity of water injected underground as his hypothesis for an observed increase in
the frequency and magnitude of earthquake dgtimiareas near fracking wells.
Although the Council of Canadian Academies in 2014 called for more monitoring and
datacollection, there are onkgnmonitoring stations in British Columbia, overseeing the
operations of thousands of fracking wells, repditheVancouver Observer!

¥"El gin, B. & Phillips, M. (2015, March 30). Big oil pr
Bloomberg BusinesRetrieved fromhttp://www.bloomberg.com/news/articles/2003-30/big-oil-pressured
scientistsoverfrackingwastewateis-link-to-quakes

3% McNamara, DE., Benz, HM., Herrmann, RB., Bergman, EA., Earle, P., Holland, A., Baldwin, R., &

Gassner, A. (2015). Earthquake hypocenters and focal mechanisms in central Oklahoma reveal a complex system of
reactivated subsurface strikép faulting. Geophysical Research Letters(8p 2742 2749.

339 Koontz,H. (2015, March 6). News release: Reawakened Oklahoma faults could produce larger future events.
USGS.govRetrieved from http://www.usgs.gov/newsroom/article_pf.asp?1D=4144

340 McGarr, A., Bekins, B., Burkardt, N., Dewey, J., Earle, P., Ellsworth, W.,Gg, S é Sheehan, A. (201
with earthquakes induced by fluid injecti®cience, 34(6224), 836831.

341 eahy, D. (2015, February 5). Frackiimgluced earthquake puts B.C. gas bonanza on shaky gigancouver
ObserverRetrieved from http://www.vaneawerobserver.com/news/frackimgducedearthquakeutsbc-gas
bonanzashakyground
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1 January 29, 2016 The industryfunded Alberta Energy Regulator confirmed that the
location of an earthquake of magnitude 4.4 near Fox Creek, Albasdi, c onsi st ent W
being induced by hydr aunbitee lafgesafelttearthquakey op er
yet believed to be related to fracking. Despite claims from industry that tremors related to
deeplevel fracking could never reach magnitudes that would allow them to be felt on the
surface, Gail Atkinson, who holds ther@ala Research Chair in Induced Seismicity
Hazards at Western University in Ontario, mpte A Wi t h fracking, the n
been increas¥ng every year .o

1 January 6, 20156 Using a specialized programdjami Universityresearchers analyzed
data from mttiple seismic stations and determined that a cluster of 77 earthqoakes
Poland Township, Ohio, whiabccuredover the course of a little more than a weeés
related temporally and spatially to active hydraulic fracturing operations. When the
fracturing operations were shut down, the rate of earthquake activity declined to only 6
events in the next 12 hours and only a single event over approximately the next two
months. Among this cluster of seismic activity, an earthquake of magnitude 3.0 ranks as
oneof the largest earthquakes in the United States to be induced by hydraulic fracturing.
The mechanism for these earthquakes appears to be induction of slip alorexiatprg
fault or fracture zone. Becauseeiino known
[ previously] identified in the areemdesoO r egu
of a known fault would not have been protecfitie3+4

1 December 18, 2014 In Canada, an investigation by the British Columbia Oil and Gas
Commission foad that induced seismicity in the Horn River Basin could be attributed
both to wastewater disposal and to hydraulic fracturing operations. The Commission
recommended mitigation of induced seismici
injection rates, hiting the increase in [subsurface] reservoir pressure, and locating distal
from faultso among othemitigation technique*> 346

1 October 23, 2014 Researchers frotdSGSand the Global Seismological Services in
Golden, Colorado, linked a 2011 magnitude 5.3 earthquake in Colorado, which damaged
the foundations of several homes, to underground disposal of fracking wastewater. The
study determined that the earthquake ruptare 8to 10 klometerlong segment of
normal fault® an unexpectedly long length for a magnitude 5.3 earth@ualkiggesting

342 Nikiforuk, A. (2015, January 29). Did Alberta just break a fracking earthquake world reGoedyee.ca.
Retrieved from http://thetyee.ca/News/2015/01/29/AlbérackingEarthquake/?utm_source=flageeditor
post&utm_medium=fipage&utm_campaign=61-2015

343 Skoumal, RJ., Brudzinski, MR. & Currie, B.S. (2015). Earthquakes induced by hydraulic fracturing in Poland
Township, OhioBulletin of the Seismological SocietyAoherica 10%1). doi: 10.1785/0120140168

344Wines, M. (2015, January 10). New research links scores of earthquakes to fracking wells near a fault in Ohio.
TheNew York TimeRetrieved from http://www.nytimes.com/2015/01/08/us/nesearcHinks-scoresof-
earthquakesgo-frackingwells-neara-fault-in-ohio.html?hp&action=click&pgtype=Homepage&module=first
columnregion&region=topnews&WT.nav=topnews&assetType=nyt_nowé&_ r=0

345BC Oil & Gas Commissio2014).Investigation of observed seismicity in the Montney TrRetlieved from
http://www.bcogc.ca/node/12291/download

346 Nikiforuk, A. (2015, January 10). Fracking industry shakes up Northern BC with 231 tréfheiig/ee.ca.
Retrieved from http://www.thetyee /tdéews/2015/01/10/Fracking_Industry _Shakes Up_Northern_BC/
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that wastewater disposal may have triggered a low stresstogad author Bill

Barnhart, dJSGSgeophysicist, toldReutersiiWe sawa big increase in seismicity

starting in 2001, including magnitude 5 earthquakes, in many locations in the basin, and
that coincided with a surge in gas production and injection of wasted¥éter.

1 September 23, 20T4Youngstown State UniversityeologistRay Beiersdorfedescribed
increasedeismic activity in Youngstown, Ohia an essay that explores hénacking
and frackingr el at ed processes are causing fnearthgqg
States’*®

1 September 15, 20T4Researchers at the Natioatergy Technology Laboratory teamed
up with researchers from industry and academia to publish data and analysis from a
closely watched project that involved field monitoring of the induced fracturing of six
horizontal Marcellus Shale gas wells in Greener@y, Pennsylvania. Touted in earlier
media reports as demonstrating that, during sieon follow-up, fracking chemicals
injected into these six wells did not spread to overlying aqdtfers t he st udyds mc
notable finding is striking documentation o&dtures from three of the six wells
extending vertically to reach above an overlying rock layer previously thought to create
an i mpenetrable Afrac barriero (that is, a
fracture extended vertically 1,90Cetea surprisinky far distance. No prexisting fault
had been detected at t hi sexistimgdracturesoonsmalls ugge s
offset (subseismic) faults may have focused the energy of hydraulic fractures on certain
areasé. o0 &userofthe pxéremiely small sample size and a design focused

primarily on monitoring for potential gas
includes no discussion of the seismic relevance of extremely long, vertical induced
fractures®®?

1 September 130141 Scientists fromJSGSascribed causality to wastewater injection
wells from coalbed methane production for increases in seismic activity in New Mexico
and Colorado and, in particular, for an earthquake that measured magnitude 5.3 in

347Barnhart, W. D., Benz1.M., Hayes,G.P.,RubinsteinJ.L.,& Bergman E.(2014), Seismological and geodetic
constraints on the 2011 Mw5.3 Trinidad, Colorado earthquake and induced deforméimRaton Basin].
Geophys. Res. Solid Earthl9,7923 7933, doi:10.1M2/2014JB011227. Retrieved from
http://onlinelibrary.wiley.com/di®10.1002/2014JB011227/abstract

348 ZuckermanlL. (2014, October 29)Gas wastewater likely triggered 2011 quake in @alo: USGSReuters
Retrieved fromhttp://www.reuters.com/article/2014/10/29%usaearthquakecoloradeidUSKBNOII2NP20141029
349 Beiersdorfer, R. (2014, September 2Zew: On fracking, earthquakes and Indian Paieurnal Online.
Retrieved fromhttp://www.lohud.com/story/opinion/contributors/2014/09/23/vigeologistwarnsfrackingties
earthquakes/16100755/

350 Begos, K. (2014, July 19). DOE study: Fracking chemicals didn't taint wesociated PresRetrieved from
http://bigstory.ap.org/article/agtudy-finds-fracking-chemicalsdidnt-spread

351 Hammack, R., Harbert, W., Sharma, Stewart, B. W., Capo, R. Owall, A. J., . . . Veloski, G(2014). An
evaluation offracturegrowth andgasfluid migration ashorizontal Marcellus Shalgaswells arehydraulically
fractured in Greene County, PennsylvaMBTL-TRS3-2014: EPAct Technical Report Series. US DepEnérgy,
National Energy Technology Laboratoyittsburgh PA. Retrieved from
http://www.netl.doe.gov/File%20brary/Research/onsite%20research/publications/NERS-3-2014 Greene
CountySite 20140915 1 1.pdf
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Colorado in 201& the secondhargest earthquake to date for which there is clear
evidence that the earthquake sequence was induced by fluid inj&étion.

9 September 6, 2014 The Ohio Department of Natural Resources suspended operations at
two deepinjection wells for fracking wastewater near Warren in northeastern Ohio after
discovering evidence that the operation possibly causeagaitude?.1 earthquake. The
injection welloperator, American Water Management Services, had recently received
permission to increase pressures at the site of the wells. In 2012, Governor John Kasich
hadhalted disposal of fracking wastewater surrounding a well site in the same region
after a sess of earthquakes were tied to a dagection well. The company that ran that
well has disputed the link. The state placed seisnuanitoring devices in the Warren
area under protocols adopted after the series of earthquakes in nearby Yourgjstown.

1 September 1, 2014 Explaining the need for increased seismic monitoring,
AndrewBeaton Director of the Alberta Geological Survey (AGS), stated that over a long
period of time, stresses increase in and around an injection well bore. Seismic movement
can le caused if the rate of injection is too fast or if there is a geological feature, such as a
fault or fracture in nearby areadthoughAlbertansin rural areas have been reporting
for years that they can feel tremors under theirrieat oil and gas detty, especially
aroundareas of frackinghie Alberta Energy Regulator noted that deep well injections
have been shown to create more of an earthquake haaaralytiiraulic fracturing.
Alberta experienced 819 earthquakes between 1918 and 2009. In campari
Saskatchewan recorded 13 in the same per@dandBritish Columbia recorded more
than 1,200 earthquakes in 2007 alone. There are currently 24 seismic monitors in Alberta,
which are tied into other networks, such as thmdenging to Environment
Canada,University of CalgaryandUniversity of Alberta®>*

1 August 26, 2014 In a firstof-its-kind lawsuit, a resident of Prague, Oklahoma, sued two
energy companies after roclalffrom her chimney and injedher leg during an
earthquake of greater thamgnitude 5The lawsuit claims thainderground injectioof
frackingwastewater conducted by New Dominion LB@d Spess Oil Compainas
caudshifts in fault lineghat havaesuledin earthquake®®

1 July 31, 2014 William Ellsworth, a research geophysicist at th&. Geological Survey
Earthquake Science Centegported that’SGSis developing a hazard model that takes

352 Rubinstein, JL., Ellsworth, W.L., McGarr, A.& Benz, H.M. (2014).The 200%preseniinducedearthquake
sequence in the Raton Basin of Northern Ndexico and Southern Coloradabstract] Bulletin of the
Seismological Society of Ameridetrievedfrom http://www.bssaonline.org/content/104/5/2162.abstract?stoc
353 Smyth,J. C (2014, September 60hio halts injections at two wells for fracking wastésvaafter quake.
Associated Pres&etrieved fromhttp://www.dispatch.com/content/stories/local/2014/09/06/tlailbs 2-wells-for-
frackingwastewateafterquake.html

354 Maclean, R(2014, September 1Earthquake hazard linked with deep well injection lhekta: Deep well
disposal of oilfield waste over time leads to increased earthquak€BskNewsRetrieved from
http://www.cbcca/news/canada/calgary/earthgudleez ardlinked-with-deepwell-injection-in-albertal.2751963
3%5Rangel, L. (914, August 26)Prague resident files lawsuit against two Okla. energy companies

following earthquakénjury. Newschannel 4 (kfor.confRetrievedfrom http://kfor.com/2014/08/26/praguesident
files-lawsuitagainsttwo-okla-energycompaniedollowing-earthquakenjury/
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induced earthquakes into account. In addjtresidents of Oklahoma, where a sharp
spike in earthquake activity has been noted over the past decade, are showing an
increased interest in obtaining earthquake insuréiice.

July 3, 2014 Using data from the Oklahoma Corporation Commission, a team of
researchers led bgornell University geophysicis€atie Keranen found that steep rise

in earthquakes in Oklahoma can be explained by fluid migration from wastewater
disposal wells. Moreover, injected fluids in highlume wells triggered earthquakes over
30 kilometers (over 18 miles) awail of the wells analyzed were operated in
compliance with existing regulations. Similar mechanisms may function in other states
with high volumes of underground injection of wastewater from unconventional oil and
gas poduction®’ Reporting on the study and the increase in earthquakes across the
United States and the link to fracking and wastewater dispos#istueiated Press

noted that some states, including Ohio, Oklahamd California, have introduced new
rules canpelling drillers to measure the volumes and pressures of their injection wells as
well as to monitor seismicity during fracking operatiéifs.

July 1, 2014 Seismologists linked the emergence of a giant sinkhole that formed in

August 2012 near Bayou Corimesoutheast Louisiana to tremors (earthquakes) caused

by highpressure pulses of either natural gas or water charged with natural gas. The

surges of natural gas that caused the explosive tremors (earthquakes) may have weakened
an adjacensalt cavern andaused its collapse. Alternatively, part of the salt cavern may

have collapsed, causing a nearby gas pocket to give off surges of gas, later followed by

the complete collapse of the salt cavern. These findings help illuminate the role of
pressurized fluig in triggering seismic events’

June 24, 2014 Following two earthquakes within a en@nth period, th€olorado Oil

and Gas Conservation Commission directed High Sierra Water Services to stop disposing
wastewater into one of its Weld County injection wells. Monitoring by a team of
seismologists from the University of Colorado had picked up evidence ohcmgtilow

level seismic activity near the injection site, including a magnifu@event less than a
montt316£ollowing a magnitudd.4 earthquake that shook the Greeley area on May 31

2014

356 Eaton, J(2014, July 31)Oklahomagrappleswith earthquakespiked and evidence ofindustry'srole: Spike in
seismic activity is linked with oil and gas wastewater dispd&ational GeographicRetrieved from
http://news.nationalgeographic.com/enerqy/2014/07/14@kBihomaearthquakespikewastewatetinjection/

357Keranen, KM., Weingarten, M.Abers, GA., Bekins, B.A., & Ge, S(2014).Sharp increase in central
Oklahoma seismicity since 2008 induced by massive wastewater injedtience3456195), 448451. doi:
10.1126/science.1255802

358 Schmall, E& Jouzapavicius, J. (2014, July 18}ateswith frackingseesurgein earthquakesctivity. Associated
Press Retrieved from http://www.huffingtonpost.com/2014/07/14/fraclkéagthquake_n_5585892.html

359 Nayak, A.& Dreger, D S.(2014). Momentensorinversion ofseismiceventsassociated with theinkhole at
Napoleonville Salt Dome, LouisianBulletin of Seismological Society of Amerit@4(4),17631776 doi:
10.1785/0120130260

360 Tomasic, J. (2014, June 24). Colorado drilling regulators halt injeat@hactivity in reactiorto Greeley quake.
Colorado IndependenRetrieved fromhttp://www.coloradoindependent.com/147934/colorddtiing-requlators

halt-injectionwell-activity-in-reactionto-greeleyquake(see also Baker, §2014, June 24). Coloradegulators
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1 May 2, 2014 TheUSGSand Oklahoma Geological Survé9GS)jointly issued an
official earthquake warning fabklahoma pointing out that the number of earthquakes
the staténas risen 50 percent singst Octobed when the two agencies had issued a
prior warning.The advisory stated thdtis dramatic increada the frequency of small
earthquake&é s i g n i ifcreasesrhe thgnce for a damaging quake in central
Okla h o majection wells used for théisposal of liquid fracking wasteave been
implicatedas the presumptive cause of the earthquake swarm. AccoodingOGS
about 8(Qpercentof the state of Oklahoma is closer than ten miles from an injection
well 21 Since the joint earthquake advisory was released in May, the number of
earthquakes in Oklahomagw@ontinued to rise. During the first four months ofi2p
Oklahoma had experienced 109 earthquakes of magnitude 3 or twgtier Richter
scale By mid-June, the number of earthquakes had topped 200, exceeding the frequency
of earthquakes in Californi&?

1 May 2, 2014 At the annual meeting of the SeismolagiSociety of America, leading
geologists warned that the risks and impacts of earthquakes from fracking and injection
wells are even more significant than previously thought, pointing out that such
earthquakesould occuttens of miles away from wellséimselves, including gkes
greater than magnitude 5Justin Rubinstein, a research geophysicist at®éSsaid
AiThis demonstrates there is a significant hazard. We need to address ongoing
seismicity ®°Sei smol ogi st GaiWe Ad kkavhsvdonevatuaeptteer t e d
likelihood that a [fracking or wastewater] operation will be a seismic source in
advatce. o

1 April 11, 20147 State geologisteeported a link betweeinackingand a spate of
earthquakes in Ohjgprompting the Ohio Department of Natural Resourcexdatae a
moratorium on drilling in certain areas aedequire greater seismic monitorinty>

1 April 3, 20147 Researchers lirddearthquakes Mexicoto fracking in the Eagle Ford
Shale which extend®eneath both southern Texas and northern MeXikey also not
a statistical correlatiobetween seismiactivity and fracking, particularly ithe border

halt frackingwastewateinjectionoperationafter earthquakestrikes areafor secondtime in amonth. Ecowatch
Retrieved fromhttp://ecowatch.com/2014/06/24/coloradastewatefinjection-earthquake/

361 Geological Survey Joint Statement. (2014, May 2). Renonaber of Oklahoratremorsraisespossibility of
damagingearthquakes. United States Geological Survey. Retrieved from
http://earthquake.usgs.gov/regional/ceus/products/newsrelease_05022014.php

362BransonrPotts, H. (2014, June 17). Oklahoma coming to terms with unprecddantge in earthquakesos
Angeles TimeRetrieved from http://www.latimes.com/nationfia-oklahomaearthquake20140618
story.html#page=1

363Walsh, B. (2014, May 1). The seismic link between fracking and earthquékes Retrieved dne 9, 2014,
from http://time.com/84225/frackingndearthquakeink/

364 Kiger, P. J. (2014, May 2). Scientists warn of quake risk from fracking operatatienal Geographic
Retrieved from http://news.nationalgeographic.com/news/energy/2014/05/1d40808stswarnof-quakerisk-
from-fracking-operations/

365Dave, P. (2014, April 12). Ohio finds link between fracking and sudden burst of earthduzkésgeles Times
Retrieved from http://www.latimes.com/nation/nationnowitann-ohio-finds-link-fracking-earthquake014Q111-
story.html#axzz2yrnpHW1h
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state ofNuevo Leonwhich registereat least 31 quakes betwemagnitude3.1 and
4,3366

1 April 20147 Researchers from the University of Alberta and the Alberta Geological
Survey published a study in tleurnal of Geophysical Researtttat found wasteater
injection in Alberta is highly correlated with spikesseismic activity between October
2006and March 2012%” On November 13, 2014£BC Newseported on a more recent
increase in earthquakes, which may also be linked to injection$#%lls.

1 March 7, 2014 USGSresearchers published a study confirming that Oklald@®ma
damagingnagnitudes.7 earthquadin 2011 was caused by fracking wastewater
injection%° One of theauthos of the studyseismologist Elizabeth Cochramoted,
AEven if wastewater injection only directly affects a {bazard fault, those smaller
events could trigger an event on a larigeit nearbyd®’°

1 January 30, 20184 A USGSresearch team linked thise in earthquakes in Colorado to
fracking wastewater injection welésad announcethat a study will be published in six to
nine months’?

1 December 12, 2018TheNew York Timedetaikedthe growing link between fracking
wastewater injection wells and earthquakeswell as between fracking itself and
earthquakes, with a focus on Oklahoamal a recent magnitude 4&&rthquakeéhere As
TheNew York Timenmoted, i Ok | a lmas maer beeknown as earthquake country,
with a yearly average of about 50 tremors, almost all of them minor. But in the past three
years, the state has had thousands of quakes. This year has been the most active, with
more than 2,600 so far, including 87 last weelState officials say they are concerned,
and residents accustomed to tornadoes and hail are now talking about buying earthquake
insurancey®’?

366 Godoy, E. (2014, April 3). Fracking, seismic activity grow hand in hand in Mebiter. Press Service
Retrieved from http://www.ipsnews.net/2014/04/fracksggsmicactivity-grow-handhandmexico/

367 Schultz, R., Sterry. & Gu, Y. J.(2014) An investigation of seismicity clustered near the Cordel Field, west
central Alberta, and its relation to a nearby disposal. delirnal ofGeophyi&al Re®arch: Solid Earth, 1193410
3423, doi: 10.1002/2013JB010836

368 Trynacity,K., & SiekierskaA. (2014, November 13Fracking linked to Alberta earthquakes, study indicates.
CBC NewsRetrieved from http://www.cbc.ca/news/canada/edmonton/fradkikgd-to-albertaearthgquakesstudy
indicates1.2829484

369 Sumy, D. F., Cochran, E. S., Keen, K. M., Wei, M., & Abers, G. A. (2013). Observations of static Coulomb
stress triggering of the November 2011 M5.7 Oklahoma earthquake sequence [Aldsiuacgl of Geophysical
Research: Solid Earth,193), 19041923. doi: 10.1002/2013JB010612

870 Oskin, B. (2014, March 07). Wastewater injection triggered Oklahoma's earthquake caseaSeience
Retrieved from http://www.livescience.com/439%astewateinjection-earthquakeriggering.html

$71McClurg, L. (2014, January 30). Earthquakes in souti@slorado linked to oil and gas producti@uolorado
Public Radio Retrieved from http://www.cpr.org/news/story/earthquad@stherrcoloradelinked-oil-and-gas
production#sthash.UVvw0JWe.UQwWW1tYJS.dpuf

372 Fountain, H. (2013, December 12). Experts eye oil and gas industry as quakes shake OKlagNma.York
Times Retrieved from http://www.nytimes.com/2013/12/13/science/eartjuakesshakeoklahomascientistseye
oil-andgasindustry.html
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1 November 19, 201B Reutergeported thaa series oDklahomaearthquakem
September 02013 damaged several hes) and that more scientists in a number of states
are concerned about earthquakes related to oil and gas developamanblogist Austin
Hollandwith the University of Oklahoma saidiThis is a dramatic new rate of
seismicityo®”

1 July 19, 2013 A studyfrom the LamoniDoherty Earth Observatory linked 109
earthquakes in Youngstown, Ohio to fracking wastewater dispGsap.

1 July 11, 2013 A study inScienceéby Columbia Universit§s LamontDoherty Earth
Observatory showed that deesell injection of frackng waste can stress geological
faults in ways that make them vulnerable to slipping. The researcls hatvadistant
natural earthquakes triggered swarms of smaller earthquakes on critically stressed faults.
The resear cher $inwastewater injectiom wmelsarefdtiving tlledaults to
t heir t i pAreanvgth quspected aédthropogenic earthquakes are more
susceptible to earthquaieggering from natural transient stresses generated by the

~

seismic wave of large remote earthckiae 8¢ 0o

1 April 201371 A group ofBritish researcherstated that hydraulic fracturing itself was the
likely cause of at least three earthquakes powerful enough to be felt by human beings at
the surface. The researchers proposedrbeatases in the fluidrpssure in fault zorse
were the causal mechani sm for these three
United States, Canada, and the United Kingdom. The largest of these earthquakes was a
magnitude 3.8 in the Horn River Basin, Candda.

1 March &, 20137 Scientistsfrom the University of Oklahoma, Columbia University and
USGSIinked a 2011 swarm of earthquake$klahomao fracking waste disposal in
that stateé’8 This includel a magnitude 5.7 earthquak@ossiblythe largest ever
triggeredby wastewagr injectior® thatinjured two people, destroyed 14 homes, and was
felt across 17 staté$® The research teanoncluded in a paper in the jourr@tology

373 Gillam, C. @013, November 19). In Oklahoma, water, frackiragnd a swarm of quakeReuters Retrieved from
http://www.reuters.com/article/2013/11/1%usaearthquakegracking-oklahomaidUSBRE9AI12W20131119

874 Kim, W. (2013). Induced seismicity associated withdlirijection into a deep well in Youngstown, Ohio.
Journal of Geophysical Research: Solid Eadhg7), 35063518. doi: 10.1002/jgrb.50247

375 Chameides, B. (2013, September 5). Fracking waste wells linked to Ohio earth@aadeestic American
Retrievedfrom http://www.scientificamerican.com/article/frackimgastewells-linked-to-ohio-earthquakes/

376 Begley, S. (2013, July 11). Study raises new concern about earthquakes and frackingelutiels Retrieved
from http://www.reuters.com/article/2013/07/@&Eciencefracking-earthquakesdUSBRE96A0TZ20130711

877 Davies, R., Foulger, G., Bindley, A., & Styles, P. (2013). Induced seismicity and hydraulic fracturing for the
recovery of hydrocarbondlarine and Petroleum Geolog#b, 171-185. doi: 10.1016/j.marpge0.2013.03.016

378 Drajem, M., & Efstathiou, J., Jr. (2013, March 26). Quake tied tdrilling waste adds pressure for rules.
Bloomberg Retrieved from http://www.bloomberg.com/news/2@iB26/oklahomaearthquaken-201-tied-to-
wastewatemwells-in-fracking.html

379 Behar, M. (2013, March/April). Fracking's latest scandal? Earthquake swdotier JonesRetrieved from
http://www.motherjones.com/environment/2013/03/dfsasking-causeearthquakesvastewater
dewatering?page=1

93



that their datzalledinto question the previously predicted maximum size of inje€tion
induced earthquaké&&® 381

1 December 14, 2012 At a 2012 American Geophysical Union meeting, scientists
presented datandconclucdthat some U.S. statgacluding Oklahoma, Texas and
Coloradqg have experienced a significant rise in seismic activity coinciding with a boom
in gas drilling,frackingand wastewater dispos&cientists further found that Oklahoma
has seen a significant increase in earthquiklesd to wastewater injection, that a 5.3
earthquake in New Mexico was linked to wastewater injection, and that earthquakes were
increasingly common within two miles of injection wells in the Barnett Shale region of
Texas.Art McGarr, aresearcher at thHe.S. GeologicalSurveyEarthquake Science
Center concluded thatiThe future probably holds a lot more in induced earthquakes as
the gas boom expand€?

1 November 30, 2012, January 11, 2012, December 22,12b08hree sets of comments
on proposed fraéhkg guidelines and regulationsting sciertific reportslinking oil and
gas infrastructure to seismic activity, tNew York City Department of Environmental
Protection (NYC DEPjaised serious concerns about the impacts of potential seismic
activity from frackingrelated activities on New York Cidg water supply
infrastructure’®® 384385 The NYC DEP has consistently raised concerns that seismic
activity surrounding New York Citg aquifers and watershed infrastructure could
threaten the ci drinkingwater supplyby triggering microseismic events and small
induced earthquakes that could threaten the integrity of the agingnil&®ng
agueducts that carry drinking water from the Catskill Mountains into the New York City
metropolitan area. The ageneypressed specific concerns about the ability of hydraulic
fracturing fluids to migrate underground and to intercept and reactivate faults miles away.

380 Keranen, KM., Savage, HM., Abers, GA. & Cochran E.S.(2013). Potentially induced earthquakes in
Oklahoma, USA: Links between wastewater injection and the 2011 Mw 5.7 earthquake se@eaelugy.doi:
10.1130/G34045.1

381 Diep, F. (2013, March 28). Study: wastewater injection caused Oklahoma's-lrgesarthquakéopular
ScienceRetrieved from http://www.popsci.com/science/article/20BAargestearthquakesverlinked-lightly -
regulatedwastewatemvells

382) eber, J. 2012, December 14). Studies link earthquakes to wastewater from fragkihgechnology Review
Retrieved from http://www.technologyreview.com/news/508151/stddiksearthquakeso-wastewateffrom-
fracking/

38 New York City Department of Environmentald®ction. (2009, December 2New York City comments on:
Draft supplemental generic environmental impact statement on the oil, gas and solution mining regulatory program
- Well permit issuance for horizontal drilling and higblume hydraulic fracturingat develop the Marcellus Shale
and other lowpermeability gas reservoi®RRep.). Retrieved from
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1 September 6, 2012The British Columbia Oil and Gas Commission determined that
frackingitself causes &thquakes, pointing to the results of a probe into 38 seismic
events near fracking operations in the Horn River Basin. The report noted that no quakes
had been recorded in the area prior to April 2@@9ore frackingactivities beganThe
report recommestedthat the linkbetween fracking and seismic activiig further
examinecdP®®

1 March 29, 2012 The USGS found that between 2001 and 2011, there wadaldsix
increase in earthquakes greater than magnitude 3.0 in the middle of the United States that
Afaakemost certainly manmade. 0 The agency r e
linked to oil and gas production and deep injection of drilling wastewtét

1 July31, 20111 Numerousearthquakes in Arkansas motivated the Arkansas Oil and Gas
Commissiona shut down a disposal well and enact a permanent moratorium on future
disposal wells in a nearly 1,200 squanie areaof the Fayetteville Sha&?®

1 March 10, 2010 In Texas, a 2002009 swarm of earthquakes in the Dalast Worth
area, where the Bartti&Shale is being developed, was linked to produced water disposal

wells 390

1 June 12, 2009 The Wall Street Journaéported that earthquakslsookCleburne,
Texas, a small town at the epicenter of frackaogvity, including a numberfo
earthquake clusters in the Dallgsrt Worth area. TheSGSnoted that more
earthquakes were detectduringthat period of frackingctivity than in the previous 30
years combineé®?

386 The Canadian Press. (2012, September 6). Fracking causes minor earthquakes, B.C. requzBfC digiss
Retrieved from http://www.cbc.ca/news/canada/brittislumbia/frackingcausesninor-earthquaked-c-regulator
says1.1209063

387 Ellsworth, W. (2011 April 18). Are seismicity rate changes in the midcontinent natural or manmade? Retrieved
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recid=224&format=%2Fmeetings%2F2012%2Fabstracts%2FsessionabstractdetaitlaymMtgList&-find
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Abandoned and active oil and natural gas wells as pathways for gasdfluid
migration

Millions of abandoned and undocumented oil and gas wells exist across the United States,
according to the U.S. Department of Energy. All serve as potential pathways for gas and fluid
migration, heightening the risks of groundwater contanation and other problems. Vertical
channels can be opened when fractures from new drilling and fracking operations intersect with
old, abandoned wells. Research from Pennsylvania shows that, cumulatively, abandoned wells
are a significant source of methee leakage into the atmosphere and may exceed cumulative
total leakage from oil and gas wells currently in production. No state or federal agency routinely
monitors methane leakage from abandoned wells. Industry experts, consultants and government
agenciesincluding the U.S. Environmental Protection Agency (EPA) the U.S. General
Accounting Office (now the Government Accountability Office), Texas Department of
Agriculture, New York State Department of Environmental Conservation (NYS DEC),
Pennsylvania Deparhent of Environmental Protection (DEP), lllinois Environmental
Protection Agency, and the British Columbia Oil and Gas Commission have all warned about
problems with abandoned wells due to the potential for pressurized fluids and gases to migrate
through inactive and in some cases, active wells.

T July 9, 2015 As part ofan extensive, peeeviewed assessment of fracking in
California, the California Council on Science and Technology identified leakage through
failed, inactive wells as a known mechanismffackingrelated water contamination in
other states, including Texas and Ohio, and said that it is not known whether abandoned
wells in California likewise function as conduits for groundwater contamination and gas

leakage. In California, therearemoerenact i ve t han active well s.
quarter million oil and gas wells, more than half (116,000) have been plugged and
abandoned, while another 1,800 inactive we

location known. The locations of anotl838 old wells are entirely unknown. California
also has 110 orphaned wells, that is, abandoned wells with no owners. Most of
Californiab6s abandoned well s?®*® 53 percent)

1 May 11, 2015 CBC Newseported thatalling gas and oil prices have prompted many
smaller companies to abandon their operations in Alberta, Canada, leaving the provincial
government to close down and dismantle their wells. In the past year alone, the number
of orphaned wells in Alberta ineased from 162 to 702. At the current rate of work,
deconstructing the inventory of wells abandoned just in the past year alone will be a 20
year taské®?

1 April 27, 20151 In apeerreviewed study, researchers with th&Urish and Wildlife
Service documented 5,002 wells located on National Wildlife Refuge System units, in

392 gtringfellow, W.T., Cooley H., Varadharajan, C., Heberger, M., Reagarl,.MDomen, J.K., . . Houseworth, J.

E. (2015, July 9). Volume I, Chapter 2: Impacts of well stimulation on water resourcAs. limdependent

Scientific Assessment of Welln&tiation in California.California Council on Science and Technology, Sacramento,
CA. Retrieved fronhttp://ccst.us/publications/2015/vblchapter2.pdf

393 Johnson, T. (2015, May 11). Alberta sees huge spike in abandoned oil and gaGB@IidewsRetrieved from
http://www.cbc.ca/news/canada/calgary/albegashugespikein-abandonegbil-andgaswells-1.3032434
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addition to 1,339 miles of pipeline. Almost half of the wells were inactiwge one

third were active and the remainder either plugged and abandongtt status

unknown. Highlighting the impacts of leaks, spills, and routine operation and

maintenance on wildlife conservation efforts, the authoredafdr regular orsite

ecological assessments, improved efforts to plug inactive wells and restinecimzell

sites, and a Aconsolidated and robust regu
interests’®

1 DecembeB, 2014i A Princeton Universityeamfoundthat abandoned oil and gas wells
in Pennsylvaniagleft over from prior decades of conventiodalling, leaksignificantly
more methane than previously thoudgtween300,000and500,000abandoned oil and
gas wellsare located ifPennsylvaniaandmany go unchecked and unmonitored for
leaks. Based odirectmeasurementsf methane flowfrom 19such wells, most of which
were a half century old or oldeheresearchersstimated that the methane leaks from
abandoned wellalonecould account for betweehand7 percent of humaiaused
methane emissions in the std@ased on these measurementsasifive methane flow
from decade®ld wells, the authors concluded that cumulative emissions from these
abandoned wells fimay be significantly | arg
oil and gas production, which has a shorter lifetime ofoperati 6 Fur t her , met |
rates from plugged wells measured in this study were not consistently lower than
unplugged wells and indeed were sometimes higher, even though wells are plugged for
the precise purpose of limiting the escape of gases. The antiedsthat an estimated
three million abandoned oil and gas wells are scattered across the United States and likely
represent Athe second | argest potential <co
US Environment al Pr ot ¢he WUnitenl Statésgne regulgtorye st i ma't
requirements for monitoring methane leaks from abandoned wellSExi&.

1 December 1, 2018 An analysis of reports from ti¢YS DECfound that threeguarters
of t hsabandored @l and gas wells were never plugged. NewStatkhas
approximately 48,008uchwells; many of th& locationsremain unknowrf®’

1 Aug. 4, 20117 A report from the EPA to Congress in 188@nd discovered bihe New
York Timed concluded that alm@onednatural gas wellsnayhaveservedas apathway
for hydraulic fracturing fluids to ngrate underground from a shalas well to a water
well in West Virginia.ln notingthat the water well was polluted due to hydraulic
fracturing and that such contaration wadillustratived of contamination from oil and

3% Ramirez Jr., P. 8osley, S.B. (2015). Oil and gas wells and pipelines on U.S. wildlife refuges: Challenges for
managersPLoS ONE, 1(). doi: 10.1371/journal.pone.0124085

3% Kang, M., Kanno, CM., Reid M. C., Zhang, X., Mauzerall, OL., Celia, M.A., Chen, Y.& Onstdt, T.C.

(2014, DecembeB). Direct measurements of methane emissions from abandoned oil and gas wells in Pennsylvania.
Proceedings of the Natural Academy of Sciengdsance online publication. doi: 10.1073/pnas.1408315111

3% Magill, B. (2014, June 19perelict oil wells may be major methane emitt&kmate Central. Retrieved from
http://www.climatecentral.org/news/abandor@twells-methaneemissionsl 7575

397 Bishop, R. E(2014).Historical analysis ofoil and gaswell plugging in New York: Is theegulatorysystem

working? NEW SOLUTIONS: A Journal of Environmental and Occupational Health Palicy103116. Retrieved

from http://baywood.metapress.com/media/16ut607yqglyrw9ydad3/contributions/b/0/4/7/b047j34r87552325.pdf
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natural gas drillingthe reporsuggestdthatadditional cases of groundwater
contamination from hydraulic fracturingay exisf®®

April 4, 20117 ProPublicareported that abandoned wells have edysroblems across

the nation including contamination of drinking water in Colorado, Kentucky, Michigan,
New York, Texasand other state®roPublicaalso found that a draft report from the
PennsylvanidEP describeda 2008 incident in Pennsylvania in whia person died in

an explosioririggered bylighting a candle in a bathroom after natural gas had seeped

into a septic system from an abandoned well. The same draft report documented at least
two dozen additional cases in which gas leaked from old veeltihree in which gas

from new wells migrated into old wells, seeping into water supplies and requiring the
evacuation of home®®®

May 20, 2010 The British Columbia Oil and Gas Commission issued a safety advisory
after hydraulic fracturing caused a larfigck,0 or unintentional entry of fluid or gas, into

a nearby gas well. The commission reported that it knew of 18 incidentgigh Br
Columbia and one in Western Alberta in which hydraulic fractures had entered nearby
gas wellsiiLarge kicks resulted in volumes up to 80 cubic mdtreut 100 cubic yards]

of fluids produced to surface. Invading fluids have included water, cairbride,

nitrogen, sand, drilling mud, other stimulation fluids and small amounts af asse

cases occurred in horizontal wells with a distance between wellbores of up to 2,300 feet
TheCommissionw r o tlt & recommendethat operators cooperate thgh

notifications and monitoring of all drilling and completion operations where fracturing
takes place within 2000m [3,280 feet] of well bores existing or currently being drilled.
Such communication between active wells raises the potential that similar
communication can occur between active wells and abandoned®ells.

20107 TheNYS DEC cautioned thafiabandonedvells can leak oil, gas and/or brine;
underground leaks may go undiscovered for years. These fluids can contaminate ground
and surface watekjll vegetation, and cause public safety and health probdefsssthe
agencyreported DHLC has at least partial records on 40,000 wells, but estimates that
over 75,000 oil and gas wells have been drilled in the State since the 1820s. Most of the
wells dde from before New York established a regulatory program. Many of these old
wells were never properly plugged or were plugged using older techniques that were less
reliable and londasting than modern method®! Theagencypublished similar

comments in 208 and 2009.

January 2009 In a presentation befotbe Society of Petroleum Enginegirsdustry
consultant Michael C. Vincemeportedon evidencehat fractures from hydraulically

3% Urbina, I. (2011, August 4A tainted water well, and concern there may be more. Retrieved from
http://www.nytimes.com/2011/08/04/us/04natgas.html

39 Kusnetz, N. (2011, April 4). Danger in honeycomb of old wéligsburgh PosiGazette Retrieved from
http://lwww.postgazette.com/nain/2011/04/04/Dangein-honeycomkof-old-wells/stories/201104040149

400 British Columbia Oil & Gas Commission. (2010, May 28xfety advisorycommunication during fracture
stimulation.Retrieved fromhttps://www.bcogc.ca/node/5806/download

401 New York State Department of Environmental Conservat®®l@. New York oil, gas and mineral resources
2010 Retrieved fromhttp://www.dec.ny.gov/docs/materials_minerals_pdf/10anrptl.pdf
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fractured wells cacommunicate witmearbyoil and gasvells. In spiteof numerous

examples of fractures intersecting with adjacent wellbores, the industry is reluctant to
publish reports documenting these cases be
alarm regul ators or adj aclhoughcdnpuirgwdiso!| der s .
have improved, as an industry we remain incapable of fully describing the complexity of

the fracture, reservoir, and fluid flow regimeé esg&findings raise the possibility that

there could be similar communicat®ipetween existindgrackedwells that are fractured

and abandoned wells and tlogeratorscannot accurately predibbw these will interact
402

1 200571 M.K. Fisher,Vice President of Business Management at Pinnacle, a service of
Halliburtonthat specializes ihydraulic fraturing, reported inan article published by the
Society of Petroleum Engineers tlaagingle fracture produced during a fracking
operationin the Texas Barnetbhalehad unexpectedigpread 2,500 feet laterally in two
directions. He also described fractiie the BarnetBhale adiextremely complexf®?
These findings raise the possibility tiwetll communication over very large distances
couldoccurduetbr act ures that Ospread Aunexpectedl )

1 October 1999 The U.S. Department of Energy reported thatdhveere approximately
2.5 million abandoned oil and gas wells in the £9%S

1 Early 19909 An underground waste disposal well in McKean County, Pennsylvania
contaminated groundwater when the wastiertraveled up a nearby abandoned,
unmappedand unplugge oil well. Owners of private water wellsat werecontaminated
by the incideneventually had to beonnectd to a public water systeft?.

1 July 1989 In the past, thenvestigative agencfor CongresstheU.S. General
Accounting Office(now theGovernment Accountability Offiée GAO) studied oil and
natural gas underground injection disposal wells and found serious cases of
contamination. The agencgportecthat, in several casesastewater from oil and
natural gas operatiofsad migrated umto abandoned oil andatural gas wells,
contaminatingunderground water supplicB.h e GA O f d theselabandoaet! i |
wells are not properly plugg8dthat is, sealed o and have cracked casings, they can
serve as pathways for injected brines [waste $l@idm natural gas and oil drilling] to
enter drinking wate¥ . Because groundwater moves very slowly, any contaminants that

402V/incent, M.C. (2009,January 19)Examining our assumptiofisHave oversimplifications jeopardized our
ability to design optimal fracture treatmentstture presented at SocietyRetroleumEngineers hydraulic
fracturing technology conference in The Woodlands, Te&ashttp://www.spe.org/dl/docs/2010/MikeVincent.pdf
403 Fisher, M., Wright, C., Davidson, B., Steinsberger, N., Buckler, W., Goodwin, A., & Fielder, E. (2005).
Integratingfracturemappingtechnologiedo improvestimulations in the Barnett Shal8PE Productior&
Facilities, 20(2). doi: 10.2118/7744PA

404 United States Department of Energy, Office of Fossil Energy. (1999, Octoli&majonmental benefits of
advanced oil and gas exploration and production technol@®gp.).Retrieved from
http://www.netl.doe.gv/kmd/cds/disk25/oilandgas.pdf

405Hopey, D. (2012, January 3). Wastewater disposal wells under scrutiny following IrvifPlgakurgh Post
Gazette Retrievedrom http://www.postgazette.com/news/environment/2012/01/03/Wastewdisposaiwells-
undersautiny-following-lrvin-leak.html
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enter it will remain concentrated for long periods of time, and cleanup, if it is technically
feasible, can be prohibitively cosiifP®

1 December 1987 TheEPA submitedareport to Congress on oil and natural gas wastes
in which the agency cautied that abandoned wells must be plugged with cement in
order to avoid Adegradationo of grlwimend and
or injected waste from wastewater disposal wells migrating into to aquifers, rivers, or
streamg?’ While the EPA did not address the potential for contamination through
abandoned wells as a result of hydraulic fracturing, both hydraulic fracturihg an
underground injection disposal wells require underground injection of fluid under
pressure, raising the potential that there is a similar risk of groundwater contamination
when hydraulic fracturing occurs near abandoned wells.

1 19857 In an investigatiomf 4,658 complaints due to oil and natural gas production, the
Texas Department of Agriculture found tlithen a water well is experiencing an
oilfield pollution problem (typically, high chlorides), the pollution source is often
difficult to track down.The source could be a leak in the casing of a disposal well,
leakage behind the casing due to poor cement bond, old saltwater evaporation pits, or,
most often, transport of contaminants througlinaproperly plugged abandoned well
(emphasisn original). The agency found more than a dozen confirmed or suspected
cases in whiclpollutantshad migrated up abandoned welledcontaminagd
groundwater. In one case, drilling wastewater migrated up an abandoned well a half mile
away fromwhere the wastewater wagected underground for dispogé?.

1 November 1978 In a report later cited bthe EPA in its 1987 report to Congre&sted
above)the state of lllinois Environmental Protection Agency found that oil and natural
gas wastes injected underground cauldratethrough abandoned oil and natural gas
wellsand contaminate groundwatdihe agency wrotdi i old production areas,
abandoned wells may pose a serious threat to ground water quality. Unplugged or
improperly plugged wells provide possible verticammunication between saline and
fresh water aquifer&*®®

406 United States Government Accountability Office. (1989, July 5). Drinking water: Safeguards are not preventing
contamination from injected oil and gas wastes. Retrieved fittpn/www.gao.gov/products/RCEB9I-97. (2, 4,
Rep.).

407U.S. Environmental Protection Agency. (198Rgport to Congress: Management of wastes from the
exploration, development, and production of crude oil, natural gas, and geothermal @herd}; Rep.) Retrieved
from http://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=20012D4P.pdf

408 Texas Department of Agriculture, Department of Natural Resources. (¥@#%ultural land and water
contamination: From injection wells, disposal pits, and abandamelts used in oil and gas producti¢pp. 5, 12
15). Austin, TX: Dept. of Agriculture, Office of Natural Resources.

409 [llinois Environmental Protection Agency, Water Quality Management Planning. (18if®)s oil field brine
disposal assessmefp. 4445, Rep.).
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Flood risks

Massive land clearing and forest fragmentation that necessarily accompany well site
preparation increase erosion and risks for catastrophic flooding, as do access roads, pipeline
easements, and other related infrastructure. Compared to an acre of foresteadow, an acre

of land subject to fracking construction activity releases 1,000 to 2,000 times more sediment
during rainstorms. In addition, in some cases, operators choose to site well pads ongdtooe
areas in order to have easy access to water ffacking, to abide by setback requirements
intended to keep well pads away from inhabited buildings, or to avoid productive agricultural
areas. In turn, flooding increases the dangers of unconventional gas extraction, heightening
the risks of contaminatiorof soils and water supplies, the overflow or breaching of containment
ponds, and the escape of chemicals and hazardous materials.

1 June 12, 2015 At the beginning of 2015, after a month of recbrdaking rainfall, Fish
and Wildlife Service officials ahe Hagerman National Wildlife Refugre Texasfound
that floodwaterglowing throughoil production well pads in the refuge had inundated
dozensof jackpumps, pipelines, and other oil and gas infrastructure, leaving bubbling,
oily wateranda gassy stenchn 1989, the Government Accountability Office called for
Abol d actiono t o a dattividesirsconfpatilsleswitH thefmisssohof pr o d u
the refuge systensubsequent reforms have besteedinglyslow, according to a report
from Greenwire In most cases, thieish and Wildlife Serviceloes not know how much
fossil fuel is producedr spilled on refuges, and remediation efforts are inadequate.
Severe weather events are expected to increase in frequency and severity as climate
change progressesmplifying flood related concerris®

1 June 20, 2014 The Coloradoanreported that Noble Energy storage mdamaged by
springflooding in Colorado dumped 7,500 gallons of crudefadicking chemicals, and
fracking wastewatento theCache laPoudreRiver, which is both a National Heritage
area and a habi t adisusthiming pofubation of wildl todeceotn | v s e |
high river flows had undercut the bank wheredhaeankwas located, which caused the
tank to drop and break a valfe.

1 March2014i An extraordinary flood that struck the Front Range of Colorado killed ten
people, forced the evacuation of 18,000 more, destroyed more than 1,850 homes, and
damaged roads, bridges, and farmland throughout the state. More than 2,650 oil and gas
wells and associated facilities were also affected, with 1,614 wells lying directly within
the flood impact zone. Many of these steslamaged facilities and storage tanks leaked
uncontrollably. In a later accounting, Matt Lepore, Director of the Coloradm@iGas
Conservation Commission, estimated the flooding had resulted in the release to the
environment of 48,250 gallons of oil or condensate and 43,479 gallons of fracking
wastewater from 50 different spill sites across the state. In Colorado, more {8350 20
oil and gas wells lie within 500 feet of a river, stream, or other drainage. According to

40 Hiar, C. (2015, June 12). Wildlife refuges: Floods expose weakness in FWS's oil and gas o#&Eight.
Publishing.Retrieved from http://www.eenews.net/stories/1060020169

41Handy, R. (2014, June 20). Crude oil spills into Poudre near Win@storadoan Retrieved from
http://www.coloradoan.com/story/news/local/2014/06/20/croiftespills-poudrenearwindsor/11161379/
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Director Lepore, setback requirements that keep drilling and fracking operations away
from residential areas inadvertently encourage operators to drill in ypiedcu

floodplains. At the same time, oil and gas operators prefer locations close to supplies of
water for use in fracking. These twin factors result in a clustering of drilling and fracking
operations in lowying areas prone to catastrophic floodfrg.

1 2004-2013i In at least siof the lastenyears (2004, 2005, 2006, 200#)11 and
2013, severakountiestargeted foshale gas drillingn New York State have
experienced serious flooding. Theselude the counties ohlbany, Broome,
Cattaraugus, Ch#éauqua, Chenango, Delaware, Erie, Gre&fadison,Orange, Otsego,
Schoharie, Sullivan and Ulstén at least five of the past 10 years (2004, 2005, 2006,

2009 and 20011), floods have exceededy€¥) levels in at least some of the
countiestld 414 415 416 417, 418 419

1 February 7, 2018 In its 2012 annual report to investood,and natural gas drilling
companyNoble Energys t a tOardperatidns are subject to hazards and risks inherent
in the drilling, production and transportation of crude oil and nagas| includingd
flooding which could affect our operations in léying areas such as the Marcellus
Shaled*?°

1 September 7,201i1TheNew Yor k St ate Department of Env
(NYS DEC)draft shale gas drilling plan recommended that dgllbe prohibitedvithin
100-year floodplais but acknowledged that many areas in the Delaware and
Susquehanna River basins that were affected by flooding in 2004 and 2006 were located

2  epore, M. (2014, March). fdLessons Learnedo in the fr
commissionersfahe Colorado Oil and Gas Conservation Commission. Retrieved from the Colorado Oil and Gas
Conservation Commission website:
http://cogcc.state.co.us/Announcements/Hot_Topics/Flood2013/FinalStaffReportLessonsLearned20140314.pdf
413Brooks, L. T. (2005)Flood of September 189, 2004 in the upper Delaware River basin, New YBEp.).

Retrieved from United States Geological Survey website: http://ny.water.usgs.gov/pubs/of/of051166/

44 3Quro, T. P., & Firda, G. D. (2006¥lood of April 2 3, 2005, Neversink Rivbasin, New YorkRep.). Retrieved

from United States Geological Survey website: http://pubs.usgs.gov/of/2006/1319/

4“535uro, T. P., Firda, G. D., & Szabo, C. O. (2009%od of June 2629, 2006, Mohawk, Delaware and

Susquehanna River basins, New Y(@t&p.). Retrieved from United States Geological Survey website:
http://pubs.usgs.gov/of/2009/1063/pdf/ofr200963.pdf

41657abo, C. 0., Coon, W. F., & Niziol, T. A. (2016)ash floods of August 10, 2009, in the villages of Gowanda
and Silver Creek, Nework (Rep.). Retrieved from United States Geological Survey website:
http://pubs.usgs.gov/sir/2010/5259/pdf/SIR%2028289.pdf

4173zabo, L. (2011, September Remnants of Tropical Storm Lee cause record flooding in the Susquehanna River
basin(Rep.). Retieved from United States Geological Survey website: http://ny.water.usgs.gov/leeindex.html

418 Giordano, S. (2013, January 29). Several eastern counties in central New York under water after heavy flooding.
Syracuse Posbtandard Retrieved from
http://lwww.gracuse.com/news/index.ssf/2013/06/several_eastern_counties_in_ce.html

419New York State Department of Environmental Conservation. (2@Ligplemental generic environmental

impact statement on the oil, gas and solution mining regulatory program, welitpesuance for horizontal

drilling and highvolume hydraulic fracturing to develop the Marcellus shale and othepknmeability gas
reservoirs(2-32, 33, Rep.).

420 Noble Energy, Annual Report (Form-K) (Feb. 7, 2013) at 42.
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outside ofofficially designatedlood zones'?! In 2004, 2005, 2006, 2008nd 2011,
flooding in New York exceeded 18@ar levels in at least sométhecounties where
drilling and frackingmayoccur.

1 1992i In its Generic Environmental Impact Statem@iEIS)for oil and natural gas
drilling, which was predicated on convemtal drilling, theNYS DECraised concerns
that storage tanks holding drilling wastewater, spent hydraulic fracturing dluadher
contaminants could be damaged by floodangleak. At the time, the GEl®8alled for at
least some of these tanks to be properly secif&hale gas extraction via horizontal
fracking wouldrequiremany morestoragdganksfor fracking fluids and wastewat#ran
conventionadrilling operations anticipateid 1992 whertheageny estimatedhat oll
and gas wells in the state wowdch requir@0,000to 80,000 gallons ofracking
fluid.*?® As of 2011 theagencyanticipate thathigh volume, horizontally frackeshale
gas wellsn New York State would eadlequire2.4to 7.8 million gallons of fluidd
roughly 100 times the 1992 estimaté

Threats to agriculture and soil quality

Drilling and fracking take agricultural land out of production and pose risks to the agricultural

sector. In California, fracking wastewater illegallyjected into aquifers has threatened crucial

irrigation supplies to farmers in a time of severe drought. The reuse of fracking wastewater for
irrigation in Californiads San Joaquin Vall ey
crops via bioabsorptio through roots. Studies and case reports from across the country have
highlighted instances of deaths, neurological disorders, aborted pregnancies, and stillbirths in

cattle and goats associated with livestock coming into contact with wastewater. Poteatier

and air contamination put soil quality as well as livestock health at risk. Additionally, farmers

have expressed concern that nearby fracking operations can hurt the perception of agricultural

quality and nullify valueadded organic certification.

1 May 2, 2015 ThelLos Angeles Timagported that farmers in Kern County, California
purchased over 21 million gallons of treated oil field wastewater to use for crop irrigation

421New York State Departmenf Environmental Conservation. (201 Supplemental generic environmental
impact statement on the oil, gas and solution mining regulatory program, well permit issuance for horizontal
drilling and high-volume hydraulic fracturing to develop the Marcellhsle and other lovwpermeability gas
reservoirs(ES-22, 232, 33, Rep.).

422 New York State Department of Environmental Conservation. (2&Lijplemental generic environmental
impact statement on the oil, gas and solution mining regulatory program, welit fesoance for horizontal
drilling and high-volume hydraulic fracturing to develop the Marcellus shale and othepknmeability gas
reservoirs(8-42, 843, 935, Rep.).

422 New York State Department of Environmental Conservation. (1@&)eric environmeal impact statement on
the oil, gas and solution mining regulatory progréRep.). Retrieved from
http://www.dec.ny.gov/docs/materials_minerals pdf/dgeisvlich§326, Rep).

424New York State Department of Environmental Conservation. (2@Ligplemental generic environmental
impact statement on the oil, gas and solution mining regulatory program, well permit issuance for horizontal
drilling and high-volume hydraulic fractting to develop the Marcellus shale and otherJogrmeability gas
reservoirs(ES-8, Rep.).
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The article identifiedingering questionaboutchemicals remaining afterdatment and thie

potential impact both on the crops and those who consume them. Independent testing

identified chemicals including acetone and methylene chloride, along with oil, in the treated
irrigation water*?® Acetone and methylene chloride are powerful industrial solvents that are

highly toxic to humans, and samples of the wastewater contained concentrations of both that
were higher than those seen at oil $e@ill di s
presence of acetone, benzene, and xylene, though in lesser concentrations; Chevron did not
appear to test for methylene chlorfd®. Broader testing requirements involving chemicals

cover4e2<7j under California's new fracking disclosure regulations wergffiettt June 15,

20157

1 April 24, 2015 Unconventional technologies in gas and oil extradizmilitated the
drilling of an average of 50,000 new fractured wells per year in North America over the
past 15 years. An interdisciplinary study publishe8ciencedemonstrated that the
accumulating land degradation has resulted in contiwald impacts, as measured by
thereducedcamount of carboabsorbedy plants and accumulated as biomdsss is a
robust metric of essential ecosystem services, suadodgpfoduction, biodiversity, and
wildlife habitat, andtslossiii s | i-kaebkyi hgngnd potentially p
area occupied by well pads, roads, and storage facilities built during this period is
approximatelythreemillion hectaresroughly the land area of three Yellowstone National
Parks. The authors conclutinat new approaches to land use planning and policy are
inecessary to achieve energy pol%cies that

1 January 26, 2016 Two Colorado scientistsgpformed a detailed analysis of vegetative
patterns followed chronologicallyi over a selected group of well pads in Colorado
managed by the 8. Bureau of Land Management, including two undisturbed reference
sites. They documented the disturbance afitdad soil systems linked to contemporary
oil and gas well pad construction, and fodhatnone of the oil and gas well pads
includedin the study returned to pwrilling condition, even after 20 to 50 years. Full
restoration may require decades of msige effort?2°

1 October 14, 2014 State documents obtained by the Center for Biological Diversity
show that almost three billion gallonsfadckingwastewater have been illegally dumped
into central California aquifers that supply drinking water and ifagrmrigation. The
California Water Board confirmed that several oil companies used at least nine of 11

425 Cart, J. (2015, May 2). Central Valley's growing concern: Crops raised with oil field waseAngeles Times.
Retrieved from http://www.latimes.com/local/californiaffee-droughtoil-water20150503story.html#page=1

426 Amec Foster Wheeler Environment & Infrastructure, Inc. (2015, June 15). Technical report:

Reclaimed water impoundments sampling, Cawelo Wateri@istonds, Kern River Oil Field, Kern County,
California, Prepared for Chevron U.S.A. Inc. Retrieved from
https://drive.google.com/file/d/0B1ccgD60cwq7dWESY0c2ZDh5WnM/view

427Ross, D. (2015, June 19). Has our food been contaminated by Chevron's wasfEwiéter.Retrieved from
http://www.truthout.org/news/item/314 ZBasour-food-beencontaminateeby-chevrons-wastewater

428 Allred, B. W., Kolby Smith, W., Tridwell, D., Haggerty, Bl., Running, SW., Naugle, DE., & Fuhlendorf, S.
D. (2015). Ecosystem services lost to oil and gas in North Am&aiance, 3486233), 401402.

429 Minnick, T.J. & Alward, R.D. (2015). Plaritsoil feedbacks and the partial recovery of soil spatial patterns on
abandoned well pads in a sagebrush shrabBeological Application25(1), 3-10.
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injection wellsthat connect witlinigh-quality water sources for disposal of fracking

wastewater, which included high levels of arsenic, thallium rénates The California

Division of Oil, Gas and Geothermal Resources has shut down 11 olil field injection wells
and is scrutinizing almost 100 others for
natur al resources. 0 At suddeibgpoducesimeartffoa r mi ng c
contaminating groundwater that farms use for irrigatiSn.

1 September 6, 2014 Al Jazeera Americaxamined the challenges that North Dakota
farmers are facing in light of wastewater spills from oil and gas developmentI\atab
heavilydrilled Bottineau County, some levels of chlorifflem sites where an estimated
16,800 to 25,200 gallons of wastewater had seeped into the gveenedso high that
theyexceededhe levels measurable withe Nath Dakota Department ¢f e a b tesh 0
strips. State records, testimonies from oil workers and various residamisthe decades
long failure of contaminated fields pvoduce cropsdicate that wastewater spills are a
significant hazard in the current fracking bo6th.

1 August 6,20147 The Pennsylvania Department of Environmental Protection found that
leaks of fracking wastewater from three impoundments contaminated soil and
groundwater. The findings prompted the state to issue a violation and increase monitoring
and testing>?

1 August 5, 2014 Michelle Bamberger, a veterinarian and researcher, and Robert Oswald,
a professor of molecular medicine at Cornell University, published a book that describes
their research into the impacts of drilling and fracking on agriculture and lamaaigh.

They detail results of 24 case studies from six gas drilling states, including-fodl@n
cases they previously published in the pesiewed literature, raising numerous
concerns about the effects of drilling and fracking on agriculturetanbealth of
animals?*®

1 August 1, 2014 At least 19,000 gallons of hydrochloric acid spilled during completion
of a fracking well on an alfalfa farm in Kingfisher County, Oklahoma. The Oklahoma
Corporation Commission reported concerns about rain pushergical runoff into a
nearby creekthatfows i nt o t h e stwatevsystent Thiespomsibkes s ey 6
company Blake Productionplanned to pay for the alfalfa crop for six years. The

430 Dechert, S. (2014, October 14). Fracking wastewater spoils California drinking, farm supigié&as Technica
Retrieved from http://cleantechnica.com/2014/10/14/frackiagtewatesspoilscalifornia-drinking-farm-supplies/

431 Gottesdiener, L(2014, September 6). In shadow of oil boom, North Dakota farmers fight contaminétion.
Jazeera AmericaRetrieved from http://america.aljazeera.com/articles/2014/9/6/dakbta

wastewaterlegacy.html

42 Hopey, D. (2014, Augst 6). State: Fracking waste tainted groundwater, soil at three Washington County sites.
Pittsburgh PostGazetteRetrieved from http://www.posiazette.com/local/washington/2014/08/06fihds-
taintedwatersoil-atthreeWashingtorCountyshalesites/stoies/201408050198

433 Bamberger, M& Oswald, R. (2014). The real cost of fracking: How America's shale gasistbraatening our
families, pets, and food. Boston: Beacon Press.
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landowner and a neighbor were pursuing litigafi¢in.

1 May 4, 2014 In an analysis of state ddtam Coloradothe Denver Posteporedthat
frackingrelated tooil and gas drilling is putting soil quality and farmlands at risk due to
significant amounts of toxic fluids penetrating the sédcording to report578 spills
were reportedn 2013 which means that, on average in the staggllon of toxic liquid
penetrateshe grouncevery eight minuteColorado State Universitsoil scientist
Eugene Kellysaid that the overall impact of the oil and gas bdimtike a deth
sentence for sod**®

1 November 28, 2012 In conjunction with the Food & Environment Reporting Network,
The Natiorreporedthat seriousisks to agricultureaused by frackingre increasing
across the countgnd linked these concernsrtsks tohuman healti3®

1 January 2012 A studyofgasdrilings i mpacts on human and
that the drilling process may lead to health problerhe. studyeported and analyzex
number of case studies, including dead and sick animatverastateshat had been
exposed tarilling or hydraulic fracturindluids, wastewater, or contaminated ground or
surface watet®’ The researchers cited 24 cases institeswvhere animalsind their
ownerswerepotentially affected by gas drillingnlone ase,a farmer separatedb head
of cattleinto threeareas, onalong a creekvhere fracking wstewater was allegedly
dumpedand the remainder in fieldgithout acces$o the contaminated creetkie farmer
found that of the 60 hea@xposed to the cregRl died and 16 failed to producghereas
the unexposed cattle experienced no unusual health probtearther case, a farmer
reported that of 14Bead of cattlehat were exposed to frackimgastewaterabout 70
died aQSd there was a high incidence wiftsorn and stunted calves in the remaining
cattle®

1 January 2011 U.S.Forest Service researchers reported dramatic negative effects on
vegetation caused by the drilling aindckingof a natural gas well in an experimental
forest in northeastern Wetirginia.**° In June 2008, the researchers found browning of
foliage near the well pad, a lack of ground folizayed that many trees nearby had

434passoth, K. (2014, August 1). Major oil field spill in Kingfisher E&CO.mm Oklahoma CityRetrieved from
http://www.koco.com/news/majapil-field-spill-in-kingfishercounty/27236612

45 Finley, B. (2014, May 4). Colorado faces oil boédeath sentenédor soil, eyes microbe fixThe Denver Post
Retrieved fromhttp://www.denverpost.com/environment/ci_25692049/coloffadesoil-boomdeathsentence
soil-eyes

4% Royte, E. (2012, November 28). Fracking our food supfiiye Nation Retrieved from
http://www.thenation.com/article/171504/frackiogr-food-supply

437 Bamkerger, M., & Oswald, R. E. (2012). Impacts of gas drilling on human and animal W&,
SOLUTIONSA Journal of Environmental and Occupational Health Pol@%(1), 51-77. doi: 10.2190/NS.22.1.e
4% Ramanujan, K. (2012, March 7). Study suggests hydrkifrgds killing farm animals, pet€ornell Chronicle
Retrieved from http://www.news.cornell.edu/stories/2012/03/reproduptivelemsdeathanimalsexposesd
fracking

439 Adams, M., Edwards, P. J., Ford, W. M., Johnson, J. B., Schuler, T. M., ThtGanaSung, M., & Wood, F.
(2011, Januarykffects of development of a natural gas well and associated pipeline on the natural and scientific
resources of the Fernow experimental fo@p.). Retrieved from United States Department of Agriculture
website:http://www.fs.fed.us/nrs/pubs/atr/gtr_nrs76.p(f4, Rep.).
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dropped their foliage. They attributed these impacts to the loss of control of the wellbore
on May 29, 2008which cause@n aerial release of materials from the well. Trees

showed no apparent symptoms the following sunfiff¢dowever, the researchers also
foundfidramatic impacts on vegetatimwheredrilling and fracking wastewater had been
sprayed on the land asdisposal technique following completion of the well. Just after
the spraying of approximately 60,000 gallons of wastewater at the first disposal site, the
Forest Service researchers found 115 damagedanelesther evidence dfarm. This

figure grew tal47 trees almost a year lafét At a second sitevhereabout 20,000

gallons of wastewatavas sprayedthe damage was less dramayietthe researchers still
foundficonsiderable leaf browning and mortality of young northern red oak seetifdgs.
The reseahersconcluded thathe spraying of the drilling fluids resulted in Bextreme

dose of chlorides to the fore4e.

1 May 20107 Pennsylvanié Department of Agriculture quarantined 28 cows in Tioga
County after the animals wandered through a spill olimtgilvastewater and may have
ingested some of it. THRepartment was concerned that beef eventually produced from
the cows could be contaminated as a result of any exposure. In May 2011, only ten
yearlings were still quarantined, but the farmer who owhedbws, Carol Johnson, told
National Public Radithat of17 calves born to the quarantined cows in the spring of
2011, onlysix survived and many of the calves that were lost were stillb@rhey were
born dead or extremely weakdthighly unusuah she saigdcontinuing,fiil might lose one
or two calves a year, but | darose eight out of eleveif*

1 March 2A07 A Pennsylvania State Extaon analysis bdairy farms in the state found a
decline in the number of dairy cows in aredshe statevherefracking was prevalent.
Pennsylvaniaa@unties that had both more than 10,000 dairy cows and more than 150
Marcellus Shale wells experienced addécent decline in dairy cows between 2007 and
201044

440 Adams, M., Edwards, P. J., Ford, W. M., Johnson, J. B., Schuler, T. M., Th@anaSundy, M., & Wood, F.
(2011, Januarykffects of dvelopment of a natural gas well and associated pipeline on the natural and scientific
resources of the Fernow experimental fo@p.). Retrievedrom United States Department of Agriculture
website:http://www.fs.fed.us/nrs/pubs/gtr/gtr_nrs76.p@f0-11, Rep.).

441 Adams, M., Edwards, P. J., Ford, W. M., Johnson, J. B., Schuler, T. M., ThGanaSundy, M., & Wood, F.
(2011, Januarykffects of development of a natural gas well and asstigipeline on the natural and scientific
resources of the Fernow experimental fo@p.). Retrieved from United States Department of Agriculture
website: http://www.fs.fed.us/nrs/pubs/gtr/gtr_nrs76.pdf-121Rep.)

442 Adams, M., Edwards, P. J., FoM¥, M., Johnson, J. B., Schuler, T. M., Thomé&mn Gundy, M., & Wood, F.
(2011, JanuarykEffects of development of a natural gas well and associated pipeline on the natural and scientific
resources of the Fernow experimental fo@sp.). Retrieved from klted States Department of Agriculture
website:http://www.fs.fed.us/nrs/pubs/gtr/gtr_nrs76.pdf5, Rep.).

443 Adams, M., Edwards, P. J., Ford, W. M., Johnson, J. B., Schuler, T. M., TAtGanaSundy, M., & Wood, F.
(2011, Januarykffects of development of a natural gas well and associated pipeline on the natural and scientific
resources of the Fernow experimdrfaest(Rep.). Retrieved from United States Department of Agriculture
website http://www.fs.fed.us/nrs/pubs/gtr/gtr nrs76.p¢f7, Rep.).

444 Phillips, S. (2011, September 27). Burning gisest Quarantined cows give birth to dead cal@tatelmpact
Retrieved from http://stateimpact.npr.org/pennsylvania/2011/09/27/buguigstionsquarantineecows give-birth-
to-deadcalves/

445 penn State Extension. (2010, MardP@nnsylvania dairy farmsna Marcellus shale, 2002010(Rep.).

Retrieved from
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1 April 28, 20091 Seventeen cows in Caddo Parish, Louaidied within one hour after
apparently ingesting hydraulic fracturing fluids spilled at a well that was being fractured.
Ailt seemed obvious the cattle had died acu
from the o6frackingproperati on Mga&iendaomi atgt
veterinarian said in a document obtained from the state Department of Environmental
Quality by TheTimesPicayune*4t 447

1 August 1977 A paper in theJournal of Arboriculturedescribes how natural gas leaks in
soil can damage plants and crops. The paper notes that vegetation dies in the vicinity of
natural gas leaks. Due to the oxidation of methane by mettmrs2iming bacteria, gas
leaks drive down the oxygen concentratioextremely low levels and cause carbon
dioxide concentration to rise. The resulting low oxygen concentration is the greatest
contributing factor in the death of trees and other vegetation near natural g&€leaks.

Threats to the climate system

A range ofstudies has shown high levels of methane leaks from gas drilling, fracking, storage,
and transportation, undermining the notion that natural gas is a climate solution or a transition
fuel. Major studies have concluded that early work by the U.S. EnvirontakrProtection
Agency (EPA) greatly underestimated the impacts of methane and natural gas drilling on the
climate. Drilling, fracking, and expanded use of natural gas threaten not only to exacerbate
climate change but also to stifle investments in, and axgion of, renewable energy. Further,

the widely touted claim that the U.S. fracking boom is helping to drive recent declines in carbon
dioxide emissions in the United States has been upended by new research showing that almost
all of the emission reductios between 2007 and 2009 were the result of economic recession
rather than coatto-gas fuel switching, as was previously presumed.

1 July 21, 2015 An international team of researchers investigated the claim that the
fracking boom, which has dramaticallycheased supplies of natural gas in the United
States, is the main driver of the modest decline in carbon dioxide emissions since 2007.
Conventional wisdom, as expressed by the Third National Climate Assessment of the
U.S.Global Change Research Programnrjlaites the drop in emissions to a shift away
from carbon dioxidentensive coal and toward natural gas in power plants. But this team
analyzed the sources of change in carbon dioxide emissions and, using a tool called
input-output structural decompositi@nalysis, documented that the economic downturn,
not fuel switching in the power sector, was the explanation for declining carbon dioxide

http://cce.cornell.edu/EnergyClimateChange/NaturalGasDev/Documents/PA%20Dairy%20Farms%20and%20Marc
ellus%202007%20t0%202010.pdf

446 Schleifstein, M. (2011, March 27). Haynesville natural gas field is thet productive in the U.She Times

Picayune Retrieved from http://www.nola.com/politics/index.ssf/2011/03/haynesville_natural_gas_field.html
447TKSLA. (2009, April 28). Cows in Caddo Parish fall dead near gas KBILA NewsRetrieved from
http://www.ksh.com/Global/story.asp?S=10268585

448 Davis, S.H.Jr. (1977). The effect of natural gas on trees and other vegethsiomal of Arboriculture3(8),153
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emissions since 2007. The single biggest impact on U.S. emissions was changes in the
volume of goods and servicesnsoimed. Between 2007 and 2013, driven by a huge drop
in the volume of capital investment, emissions associated with capital formation
decreased by almost 25 percent. During the same perossions related to household
consumption decreased by 11 percéht

1 July 7, 2015 A scientific opinion piece by Environmental Defense Freskarchers
involvedinagroupotlst udi es on met hane emissions
an overview anarientation to new research that either measaresstimatd methane
emissiondrom oil and gas operations. Research from botkdmpnestimates (based on
measuring atmospheric methane or related compounds at regional or larger scales
andbottomup measuremen{snadedirectly from components or at ground level near
studiedsiteg demonstrated thabhethane emissions from oil and gas operations in the
Barnett Shale regioexceeded themissions expected from tBeP A greenhousgas
inventory,which relies on industry seteporting and excludes many compressor
statims. The new research detdthe importance of addressing highitting landfills

and natur al gemiftd eirlsiot)i eannd( imadgamcti oni ng

control ongoing methane emissidfs.

1 May 28, 2015 A comprehensive working paper fraime New Climate Economy
initiative of the Global Commission on the Economy and Climate at Stockholm
Environment Institute found that the experience in the United States of substituting
natural gas for oMvasunlikely to be replicated around the globe and probably will not
provide climate benefits unless coupled with strict controls on methane leakage, limits on
total energy use, and policies to prevent the displacement dbasihfuel energy by
methaneCi t i ng mul tiple studies of the net «cl

natur al gas supplies, o0 the Commi ssion conc

States, the increase in emissions from the scale effect [from increased energy
consumption bosted by cheap natural gas and loss of potentially more expensive lower
carbon approaches] fully offsets the emission benefits from the substitution effect, net of
met hane “*®akage. 0

1 March 24, 2015 A University of Cincinnati researcher and indepemndmngineers
documented that the Bacharachfiow Sampler (BHF® oneof the only tools
approved by th&PA for measuring and reporting emissions of methane from natural gas

449 Feng, K., Davis, Sl., Sun, L., & Hubacek, K. (2015). Drivers of the US@issions 1992013 Nature
Communications;. doi: 10.1038/ncomms8714

450 Harriss, R., Alvarez, R.A., Lyon, D., Zavakgaiza, D., Nelson, D. &amburg, S.P. (2015). Using muticale
measurements to improve methane emission estimates from oil and gas operations in the Barnett Shale Region,
Texas.Environmental Science & Technology, 48247526. doi: 10.1021/acs.est.5b02305

451 azarus, M., Temm, K., Klevnas, P., & Korsbakken,1J(2015) Natural gas: Guardrails for a potential climate
bridge. Stockholm Environment Institute. Retrieved from http://www.sei
international.org/mediamanager/documents/Publications/Climate/BE}2015Naturatgasguardrailsclimate
bridge.pdf

42Evans, S. (2015, June 2). The climate benefits of a gas bridge are unlikely to be sigaificaie Spectator.
Retrieved from http://www.businessspectator.com.au/article/2015/6/2/guiics/climatebenefitsgasbridge
areunlikely-be-significant
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transmission, storage, and processing facibtitsled to function properly whensed as
indicated by the manufacturer. The BHFS, unless recalibrated daily and running revised
software (or taking measurements in a nearly pure methane environment, which is
exceedingly rare in the field), misrepedtigh levels of natural gdsy as muchas an

order of magnitude lower than actual concentratforeanalysis o011results from the

City of Fort Worth Air Quality Study revealed at least seven instances for which the

BHFS indicatedsample concentratigrat or below Sercentwhen more relinle canister
methaneeadings indicatedoncentrations that ranged from @drcentto 90.4percent

|l naccurate measurements | i ke these can c
downo andipfobontetacmr e ment s olevelmeasuneamnise , wi t
from the BHFS potentiallproducingreports of falsely low emissiorts® As we were

going to press, this study was followed by another that further documented malfunctions
in the BHFS device and called into question the results of a landmark 2013 survey
methane emissions at 190 drilling and fracking sites across the United States. That 2013
survey, from the University of Texas, relied on the BHFS device for collecting data and
found very low leakage raté¥} 4

on
h

1 March 9, 2015 With specialized equipnmt in a mobile van, University of Coloradibe
National Oceanic and Atmospheric AdministratibdOAA), Environmental Defense
Fund and independent researchers continuously measured methane and ethane from
public roads at sites downwind of potential emission sources, such as natural gas
production wellheads, processing plants, and compressor stations. The sampling method
and modeling |l | owed capture of multiple fAacci dent
drives across the study region between planned measurements near large facilities.
Sampling was not random but documented a large number of facilities with low methane
emission rates (el to or less than 10 kg/hr), with a smaller yet important number of
facilities showing much higher emissions. Although the largest measured emission in this
study (1360 kg/hr) corresporatito approximately $1.2 million in lost revenue per year,
the autlors note that, inthisindustry t he @Al eak fractiond or #dp
they documerd would generallyranslate into only a small proportionlostrevenue,
probably not sufficient to prompt strong enespctor selregulation?>®

1 March 1, 157 Usingasimulation model, the Federal Ministry for the Environment,
Nature Conservation, Building and Nucl ear
Environmental Agency, found that shale gas not aheap option to reduce global

43Howard, T., Ferrara, T& TownsendSmall, A. (2015). Sensor transition failure in the high flow sampler:
Implications for methane emission inventories of natural gas infrastrudgtunmal of the Air & Waste Management
Assodation, 657), 856862.

44Howard, T. (2015). University of Texas study underestimates national methane emissions at natural gas
production sites due to instrument sensor failereergy Science & Engineeringdvance online publication. doi:
10.1002/ese38

45 Allen, D. T., Torres, VM., Thomas,J.,Sullivan D.W., Harrison, M., Hendler, A.,. . Seinfeld, JH. (2013).
Measurements of methane emissions at natural gas production sites in the Unite@1®tedings of the National
Academy of Sciencekl0,17768 17773. doi:10.1073/pnas.1304880110

456 yacovitch, T.I., Herndon,SC. , P®t ron, G., Kof | ®,/&Kold C.E. (201%)oMobile D. , Zah
laboratory observations of methane emissions in the Barnett Shale Regimonmental Sciere & Technology,
49,788917895. doi: 10.1021/es506352]
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greenhouse gasmissions.Multiple comparison simulationf®und thatshale gas

availability, especially in the shetgérm, tendto lead to higher emissions due to lower

energy pricetnducing higher use. The net resulhigher cost$o achieve compliance

with climate targts.In this model, Bale gasvasalsofound tocompete in an unhelpful

way with renewable energy sources, resulting in reduced use of renewable energy sources
and reduced investment in energy efficiency meagifes.

January 8, 2016 Using a single integtad modeling program that incorporates detailed
estimates of the worldbdés reserves of oil,
of prior modeling approaches, University College London researchers demonstrated that,
around t he olalresedes, halfaof gashresarvds and over 80 per cent of
current <coal reserves should remain unused
of less than or equal ®2 degree Celsius rise in global temperature. In addition,
idevel op mecastinthe Acticrard @y increase in unconventional oil
production are incommensurate with effor
degree threshold. Calling for a fAstark t
availability, the athors noted that, in a climatenstrained world, fears of scarcity of

fossil fuels must be superseded by a commitment to piagenteruse of existing

resources and reservs,

ts
ra

November 26, 201# Stanford University and independent researchers caatdpaal
and natural gas for power generation and concludedrtbajuestionoi wh et her nat u

gas plants are better than coal pl ants can
period of plant operation, Ardeamwamadthagas pl
coal plants, with the same power output. o

can produce some reduction in namm warming, but only if lifeycle methane leakage

rates are low and power plant efficiency is high. Relatveoal, theres the potential

t hat Adepl oyment of natur al gas-teprower pl an
warming (if methane leakage rates are high) and produce excegsiongarming (if

the deployment of natural gas plants today delays thdttoamt® neafrzero emission
technofbgies). o

October 23, 2014 Adding to the debate about natural gas and climate change, a multi
center, international research team used a sophisticated, integrated approach to the global
energyeconomyclimate systemguestionand found no climate benefit to natural gas

over other fossil fuelsAs summarized by theditor ofNature

457Kersting, J., Duscha, V., Schleich, J.K&ramidas, K. (2015). The impact of shale gas on the costs of climate
policy. Environmental Research of the Federal Ministry for the Environment, Nature Conservation, Building and
Nuclear Safety. Retrieved from
https://www.umweltbundesamt.de/sites/defdilgis/medien/378/publikationen/climate_change 03 2015 the_impa
ct_of_shale_gas_1.pdf

458 McGlade, C. & Ekins, P. (2015). The geographical distribution of fossil fuels unused when limiting global
warming to 2°C.Nature, 517187-190.

49 Zhang, X., MyhrvoldN. P., & Calideira, K. (2014). Key factors for assessing climate benefits of natural gas
versus coal electricity generatidinvironmental Research Letters,d®i: 10.1088/1748326/9/11/114022
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The development of hydraulic fracturing technologies has led to rapid growth in

the useof natural gas as an energy source. Some evidagsuggested that this

growing adoption of natural gas might lead to a reduced greenhouse gas burden

and consequent mitigation of climate change. This collaboration between five

energy climate modelling teams show that inst@éadhder a scenario of abundan

natural gas availability increased consumption will have little or no impact on
climate change. 0 The authors concluded,
abundant gas may substantially change the future energy system, it is not

necessarily an efétive substitute for climate change mitigation poféy.

1 October 6, 2014 Utilizing satellite data for the Bakken and Eagle Ford formations,
scientists from Germany, the United Kingdom, and the University of Maryland
confirmed t-dawn b atgshfrgitieimetbape leakfrom oil and gas
fields (which areobtained via tall tower flask samples, aircraft measuremamndsroad
survey3ar e mor e accur atuep ot heasitvhithuansodsesned lyot t o m
summing emissions from different &g of known sources at sites provided by
participating utility companigsAc cor di ng-upo #@ekoi mames, the a
leakage rate ranges from 1.2.0 percent. But satellite data show much higher leakage
rates:10.1percen{N  perc@ntiand9.1percentl  Gercent) for the Bakken and
Eagle Ford formationsespectively These higher estimatexlicate that current
inventories likely underestimate fugitive emissions and call into question any immediate
climate benefit from switching fronoeal to natural gas. Similar results were seen for the
Marcellus shale region, bat a result ofechnical and geographidahitations, the
authors declined to quantify their results, pending future studies with enhanced
equipment®!

1 September 24, 20Ti4According to a paper published by scientists from the University of
California and Stanford University, Aé wit
emissions or policies that explicitly encourage renewable electricity, abundant natural gas
may actually siw the process of decarbonization, primarily by delaying deployment of
renewabl e energy technologies. o0 The study
natural gas in a range of supply curves, with a tested economic model, and across three
different type and levels of climate policy. Researchers found that abundant natural gas,
even with low rates of methane leakage, does little to rédanemayincreasé
greenhousgases. They conclude thaglaying deployment of renewable energy
technologiesimayactuh | y exacer bate the climat® chang

1 September 2, 2014 Analyzingthe level of greenhouse gas emissions attributable to
electricity from naturabasfired power plants and cceéfed power plants,@nomist

460 McJeon, H., Edmonds, J., Bauer, N., Clarke, L., Fisher, B., Flanneryé BT,gvoni, M. (2013)Limited impact

on decadatcale climate change from increased use of naturaNgesre,514,482 485. doi: 10.1038/nature13837
461 Schneising, O., Burrows, B., Dickerson, RR., Buchwitz, M, Reuter, M. & Bovensmann, H. (2014). Remote
sensing of fugitive methane emissions from oil and gas production in North American tight geologic formations.
Ear t h 6 210y, 548 b58. eloi: 10.1002/2014EF000265

462 sheare, C., Bistline, J., Inman, M& Davis, S.J. (2014). The effect of natural gas supply on US renewable
energy and CO2 emissiorisnvironmental Research Letters,dai: 10.1088/1748326/9/9/094008
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Chris Busch and physgt Eric Gimon conclude thabver short time frames and at high
rates of leakage, natural gas offers little benefit compared to coal and could exacerbate
global warming. Although Busch and Gimon acknowledge that natural gas offers some
reductions in greenhouse gas emissions oveelomge frames, they point out that such
reductions are not large enough for natural gas to play an expanded role in efforts to
manage emissions. They conclude that under the best of circumstances, nafired gas
electric power offers a modest benedivard abating climate change, while if poorly
developed (i.e., with extensive methane leaks, estimated by these authors to be on the
order of 4percentor higher), or if used to displace energy efficiency or renewable
energy, natural gas could seriouslyitibute to increased greenhouse gas emiséféns.

August 5, 2014 Reportingin Scientific Americanthe science news organization

Climate Centrabutlined the natural ga®lated factors that threaten any ability to

achieve climate goals through Presiderii a ma 6 s proposed Clean Pow
has any idea how much methane is leaking from our sprawling and growing natural gas
system. This is a major problem, because without a precise understanding of the leak rate
natural gas could actually make climat c hange wor se. 0 Referring
Climate Central tool that runs various methane leakage scenarios, the article nptes that
evengivenmodest leak rates and aggressive transitiofiyve could still end up with

little or no climate benefits bydB30 after an enormous financial and political investment

in nat 6t al gas. o

July25,2014EPAGs Of fi ce o freportsitiskap e e t a pas @eeagn e i a |
little focus and attention on reducing methane emissions from pipelines in the natural gas
di st r i butAétcarding ® this teporthe EPA acknowledged in 2012 thktaks
fromnaturalgap i pel i nes Aaccount ed ridtans ofcabone t han
di oxide equival ent emi ssi on srepeseatmnorethanl mo st
10 percent of total methane emissions from natural gas systehesUnited States
Nevertheless, agportwent on tonote,the EPA does not have ¢tpartnerships in place

to begin controlling methane leaks, such as with the Pipeline and Hazardous Materials
Safety Administrationnor has it conductea comprehensive analysis of emissions

factors relying insteadn a1996 studyitha A hi g h ncermintyf® of u

May 15, 2014 A recent reviewof existing data otife cycle emissionof methandrom
natural gasystems concluded that, as a strategy for addressing climate chatgal
gasi s a Abri dge tewfoond thitoaver &0 year finte &ame, matural
gas is as bad as worse than coal and oil as a driver of climate chdftjeeferencing
this review and other recent studiB&gomberg Business Neweported thathe EPAhas

463Busch, C& Gimon, E. (2014). Natural gas versus céshatural gas better for the climalée Electricity

Journal, 277), 97111.

464 Climate Central. (2014, August 5). Methane leak rate proves key to climate chang&dgiealsfic American.

Retrieved from http://www.scientificamerican.com/article/methiaad-rate-proveskey-to-climatechangegoals/

465.S. Environmental Protection Agency Office of Inspector General. (2014, July 25). Improvements needed in
EPA efforts to address methane erigiss from natural gas distribution pipelines. Report NeP13B24. Retrieved

from http://www.epa.gov/oig/reports/2014/20140726P-0324.pdf

466 Howarth, R. W. (2014). A bridge to nowhere: Methane emissions and the greenhouse gas footprint of natural gas
[Abstract].Energy Science & Engineerindoi: 10.1002/ese3.35
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underestimadthe impact oimethane leakage resulg from the production,

transmission, and distribution of natural gasl is using outdatezktimates omethané s
potency compared to more recent estimates from the Intergovernmental Panel on Climate
Change (IPCCj%’

1 April 25, 20147 A reassessment of tikeattrapping potential of greenhouse gases
revealed that current methods of accounting underestimate the etlarateging impact
of methane pollution from all sources, including drilling and fracking operatf8ns.

1 April 14, 20141 A studyfrom researcharat Purdue University, NOAA, Cornell
University, University of Colorado at Bouldemnd Pennsylvania State University
published inProceedings of the National Academy of Sciefmasd very high levels of
methane emissions aboreany wells being drilledt fracking sitesn Pennsylvania
Levels werel00 to 1,000 timeabove the estimates fafderal regulatorsvho have
always assumed very low methane emissions as wells are &4

1 February 26, 201 The United Nation&top environmental officialAchim Steiner,
argued that the shale gas rushfes liabilityo in efforts to slow climate change and that a
switch from coal to natural gas is delaying critical energy transition to reneviables.

1 February 13, 201# A major study inSciencéby Stanford Unrersity, Massachusetts
Institute of Technologyand the U.S. Department of Eneifgyndthat methane leaks
negate anglimatebenefits of natural gas as a fuel for vehicles, and that the EPA is
significantly underestimating methane in the atmosptéteeadauthor Adam R. Brandt
told theNew York TimegiSwitching from diesel to natural gas, tisabot a good policy
from a climate perspectiv@’3 This study also concluded that the national methane
leakage rate is likely between 3.6 and 7.2 percent of praaucti

467 Childers, A. (2014, May 9). EPA underestimates fracking's impact on climate clogaberg Retrieved

from http://www.bloomberg.com/news/20:D%-09/epaunderestimatefrackings-impacton-climatechange.html

468 Edwards, MR. & Trancik, J.E. (2014). Climate impacts of energy technologies depend on emissions timing.
Nature Climate Changé, 348-352. doi: 10.1038/NCLIMATE2204

469 Caulton, D. R., Shepson, P. B., Santoro, R. L., Sparks, J. P.rtho®RaW., Ingraffea, A. R.,. .Miller, B. R.
(2014). Toward a better understanding and quantification of methane emissions from shale gas development.
Proceedings of the National Academy of Sciences of the United States of Adwrid1073/pnas.1316546111
47%Banjeree, N. (2014, April 14). EPA drastically underestimates methane released at drillingsisgeles
Times Retrieved from http://www.latimes.com/science/scienceneseianmethaneemissionsnaturatgas
fracking2014044,0,2417418.story

41 Goldenberg, S. (2014, February 26). Achim Steiner: Shale gagauisiilityo in efforts slow climate change.
The GuardianRetrieved from http://www.theguardian.com/environment/2014/feb/26/asteimershalegasrush
climatechangeenergy

42Brandt, A. R., Heath, G. A, Kort, E. A., O'Sullivan, F., Petron, G., Jordaan, S. Mdarriss, R. (2014).
Methane leaks from North American natural gas syst&mesrgy and Environmens436172), 733735. doi:
10.1126/science.1247045

473 Daverport, C. (2014, February 13). Study finds methane leaks negate benefits of natural gas as a fuel for
vehicles.TheNew York TimesRetrieved from http://www.nytimes.com/2014/02/14/us/stfidgs-methandeaks
negateclimate benefitsof-naturatgas.html?snd=tw-share
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9 January 15, 201# As reported byle Guardian a newstudy by BRconcludedhatshale
gasfi éwill not cause a decline in greenhouse gasesl will do little to cut carbon
emissiong.’4

1 December 30, 2018 An analysis of frackingelated truck transportation in the
Susquehanna River BasmPennsylvanidound that greenhouse gas emissions from
frack water and waste hauling operations weii€l3@ metric tons of C@equivalent per
gas well*"®

1 November 11, 201B In a letter to Californi&governor Jerry Brownwenty of the
natiorts top climate scientistsarnedthat profrackingpolicieswill worsen climate
disruption and harm Californis efforts to be a leader in reducing greenhouse gas
emissions. The letter called @overnorBrown to place a moratorium on frackifi§.On
November 21, 2013, a group of Governor Bro
made a similar request in light of concerns about the effects of fracking on climate
change and water pollutioA!’

1 October 18, 2018 A team of researchers from multiple institutions including Harvard,
the University of Michigan, and NOAA reported that methane emissions due to drilling
activities in the soutlcentral U.S. may be almost fiienes greater than reported by the
worl dés most comprehensive methane invento
EPAGs recent decision to downscale Fts est
30 percent , 0 *“fAstheNaw York Ginesepasted@Thesanalysis also
said that methane discharges in Texas and Oklahoma, where oil and gas production was
concentrated at the time, were 2.7 times greater than conventional estimates. Emissions
from oil and gas activity alone could be five tergreater than the prevailing
estimatey*’®

1 October 18, 2018 A major study spearheaded by Stanford UnivegsiBnergy
Modeling Forum concluded that fracking and the shale gas revolution willnedoag-

44 Harvey, F., & Macalister, T. (2014, January 16). BP study predicts greenhouse emissions will rise by almost a
third in 20 yearsThe Guardian Retrieved from http://www.theguardian.com/business/2014/jan/qkxticts
greenhous@missiongisethird?CMP=twt_gu

45 Gilmore, K. R., Hupp, R. L., & Glathar, J. (2014). Transport of Hydraulic Fracturing Water and Wastes in the
Susquehanna River Basin, Pennsylvahiairnal of Environmental Engineering40. doi:
10.1061/(ASCE)EE.1943870.0000810

4 Rogers, P. (2013, November 12). Top climate scientists call for fracking ban in letter to Gov. Jerry 8aawn.
Jose Mercury NewsRetrieved from http://www.mercurynews.com/ci_24509392#pate scientistscall-
fracking-banlettergov

47 McNary, S. (2013, November 21). Former advisors to Gov. Brown request frackin§dwhern California

Public Radio Retrieved from http://www.scpr.org/blogs/politics/2013/11/21/15248/foadeisorsto-gov-brown
requestfracking-ban/

478 Miller, S. M., Wofy, S. C., Michalak, A. M., Kort, E. A., Andrews, A. E., Biraud, S. C.,Sweeney, C. (2013).
Anthropogenic emissions of methane in the United StBtegeedings of the National Academy of Sciences,
110(50), 2001820022. doi: 10.1073/pnas.1314392110

47%Wines, M. (2013, November 25). Emissions of methane in U.S. exceed estimates, studinéihisy York

Times Retrieved from http://www.nytimes.com/2013/11/26/us/emissaifmmethandn-us-exceedestimatesstudy
finds.html?_r=0
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term climate benefit. The study brought together a working group of about 50 experts and
advisorsfrom compares, government agencies, and ensities, and modeling teams

from 14 organizations. The study also found that botltlofinfrastructure fofracking

and natural gas will discourage efforts to conserve energy and boost efficiency. The study
did not examine methane leaks in order to weigh in on the-gontclimate impacts of

natural gag®®

1 October 11, 2018 As reported intie Guardian key climate scientists argdehat the
growth in fracking across the United States is hurting the United Stagekbility on
climate changé®?

1 October 2, 2018 Updatedmeasurements from theCC determined thamethanas
even worse for the climate tharepiously thought. The IPC@eterminedhat methane is
34 times more poterts a greenhouse gasthe atmosphere than CO2 over a-j@ar
timeframe and 86 times mongotentover a 20year timdgrame*8?

1 September 27, 2013The IPCC formally embraced an wgygimit on greenhouse gases
for the first time, warning that the world will exceed those levels areifi@versible
climatic changes in a matter of decades unless steps are taken soon to reduce emissions.
The IPCC repoddthat humanity facesfaarbonbudgedd a limit on the amount of
greenhouse gases that can be produced by industrial activity before irreversible,
damaging consequenéesf burning about a trillion metric tons of carbon. The world is
on track to hit thaby around 2040 ahecurrent rateof energy consumptioff3

1 August 12, 2013 A New Scientisteview of thescience on fracking and global warming
concludel that fracking could accelerate climate change rather than sf8tv it.

1 May 28, 2013 A research team led by Jeff Peischl, an associate scierti€t/A and
the Cooperative Institute for Research in Environmental Scieeséisjated thathe

methane leak rate from Los Angelm®a oil and gas operations was about 17 peféent.
486

480 Huntington, H. (2013). Banging the game? Emissions and market implications of new natural gas supplies.
Energy Modeling Forumil. Retrieved from https://emf.stanford.edu/publications/@€hanginggameemissions
andmarketimplicationsnewnaturatgassupplies

481 Magill, B. (2013, October 11). Fracking hurts US climate change credibility, say sciefitist&uardian
Retrieved from http://www.theguardian.com/environment/2013/oct/11/fraaléraimatecredibility-shalegas
482Romm, J. (2013, October 2). More bad news for frag:kiRCC warns methane traps much more heat than we
thought.Climate ProgressRetrieved from http://thinkprogress.org/climate/2013/10/02/2708911/fradxdag
methane/

483 Gillis, J. (2013, September 27). U.N. climate panel endorses ceiling on global esiskieNew York Times
Retrieved from http://www.nytimes.com/2013/09/28/science/glabalate changereport.html?pagewanted=all
484pearce, F. (2013, August 12). Fracking could accelerate global wamgngScientistRetrieved from
http://www.newscientiscom/article/dn2402%racking-could-acceleratagglobalwarming.html#.UpEWQgsQ3uSo

485 peijschl, J., Ryerson, T. B., Brioude, J., Aikin, K. C., Andrews, A. E., Atlas, EParrish, D. D. (2013).
Quantifying sources of methane using light alkanes in the Los Angeles basin, Califounizal of Geophysical
Research: Atmospherekl §10), 49744990. doi: 10.1002/jgrd.50413

486 Ogburn, S. (2014, May 15). Solving the Case offGalia's Extra MethaneScientific American Global RSS
Retrieved from http://www.scientificamerican.com/article/solvihg-caseof-californiasextramachine/
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1 May 2013i A group of scientists and journaligtidying climate changéed by energy
systems analyg$tric Larsonof Princeton University anthe news organizatioGlimate
Central,reportecthatthe ofterpurporteds0 percent climate advantage of natural gas
overcoalis unlikely to be achieved over the next three to four deagiiea methane
leaks and other factaf8’ The 50 percent claim is based on the fact that natural gas
produces half as much carbon dioxide when burned than coal, but it ignores the
significant greenhouse gas impacts of methane leakage that occurs throughout the life
cycle of natural gas production, transmission, and distribution.

1 January 2, 201B A NOAA studyfoundmethaneemissions from oil and gas fields in
Utah to be as high as nine pemt of production. These levels are considered extremely
damaging to the climaf&®

1 November2012i A review by theUnited Nation€EEnvironment Programme found that
emissions from fracking, as well as othk@conventional natural gas extraction methods,
could increase global warming in the shiemm and be comparable to coal over a-100
year timérame*8°

1 November 2012 The International Energy Agen¢hEA) found that a large natural gas
boond even with improvements in place to reduce lea@ageuld eventally lead to
greenhouse gas concentrations of 650 parts per million and a global temperature rise of
3.5 degrees Celsius, far exceeding the 2 degree Celsius limit which is critical to avoid the
most severe effects of climate charigfe.

1 May 29, 2012 TheGuardiansummarized a special report natural gas by thEEA: AA
@olden age of géspurred by a tripling of shale gas from fracking and other sources of
unconventional gas by 2035 will stop renewable energy in its tracks if governments do
not take actio**

1 February 2012 A studypublished irEnvironmental Research Lettdmind that the
carbon dioxide emitted froine burningof natural ga® evenneglecting thempacs of
methane leaka@econtributes significantly to greenhouse gas emissitret aredriving
climate changé®

487 Larson, E. D. (2013). Natural gas & climate char@enate Central Retrieved from
http://asets.climatecentral.org/pdfs/NaturalGasd ClimateChange.pdf

48 Tollefson, J. (2013). Methane leaks erode green credentials of naturslbga®,4937430), 1212. doi:
10.1038/493012a

489 Global Environmental Alert Service. (2012). Gas fracking: Can Jedyssqueeze the rockémited Nations
Environmental Programm®&etrieved from http://www.unep.org/pdf/lUNEFEAS _NOV_2012.pdf

4% World Energy Outlook 2012, (November 201@plden Rules for a Golden Age of Natural @asorld Energy
Outlook Special Report donconventional Gadnternational Energy Agency. Retrieved from
http://www.iea.org/publications/freepublications/publication/name,27408,en.html

4“1l Harvey, F. (912, May 29). 'Golden age of gas' threatens renewable energy, |IEA WaenSuardian Retrieved
from http://www.theguardian.com/environment/2012/may/2Shyaemrenewablesagencywarns

42 Myhrvold, N. P., &Caldeira, K. (2012). Greenhouse gases, climate change and the transition from coal to low
carbon electricityEnvironmental Research Lettei®1). doi: 10.1088/1748326/7/1/014019
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1 February 7, 2012 A NOAA study of Colorado gas fieldseasuredanethane emissions
of about four percent, a significant percentage that could be very damaging to the
climate?®?

1 December 29, 201l As reported byheNew York Timesevels of methane in the
atmosphere have been steadily rising since @0@¥nciding with the onset of the
fracking boom anghosingaserioushreatt o t he Eaf*t hés cl i mat e

1 October 2011 A studyfrom the National Center for Atmospheric Research concdude
that substitutinghe use of naturajas for coaWill increaserather than decreaghe rate
of global warming for many decad&s.

1 July 6, 2017 According to the U.S. Energy Information Administration atiter
researchsignificant amounts ahethane are leaking from aginggpipelines and
infrastructure’®®

1 April 20117 A comprehensivanalysis of the greenhouse gas footprint of natural gas
from shale formations found thiaétweer3.6 percento 7.9percentof the methane from
natural gaproductionwells escapsinto the atmosphereather than being combusted,
therebyundermining anylimatebenefits of gas over coak a source of energy’ 498

Threats from fracking infrastructure

The infrastructure for drilling and fracking is complex ad widespread. Beginning where silica
sand is mined and processed and ending where gas is burned or liquefied for export,
infrastructure includes pipelines, compressor stations, dehydrators, processing plants, rail
tankers, flare stacks, and storage depditsough which gas is moved, filtered, pressurized,
stored, and vented. It also includes injection wells and recycling facilities that dispose and treat
the prodigious amounts of liquid waste that fracking generates. Air pollutiorpieduced at
every stag of the processCompressor stations and pipelines are major sources of air pollutants,

493 Tollefson, J. (2012, February 7). Air sampling reveals high emissionsdas fieldNature Retrieved from
http://www.nature.com/news/asamplingrevealshigh-emissionsrom-gasfield-1.9982

494 Gillis, J. (2011, December 29). The puzzle of rising meth@iheNew York TimesRetrieved from
http://green.blogs.nytimes.com/2012/29/thepuzzleof-rising-methane/

45 Wigley, T. M. (2011). Coal to gas: The influence of methane lealGgeatic Change1083), 601608. doi:
10.1007/s10584911-02173

4% McKenna, P. (2011, July 6). Thousands of gas leaks under Boston and San &rhiesisScientistRetrieved
from http://www.newscientist.com/article/mg21128203 -806usandf-gasleaksunderbostonandsan
francisco.html#.UpEbbMQ3uSp

497 Howarth, R. W., Santoro, R., & Ingraffea, A. (2011). Methane and the greerbasi$eotprint of atural gas
from shale formationsClimatic Change1064), 679690. doi: 10.1007/s1058311-0061-5

4% Howarth, R. W., Santoro, R., & Ingraffea, A. (2012). Venting and leaking of methane from shale gas
development: Response to Cathles eChmatic Change1132), 53%549. doi: 10.1007/s1058312-0401-0
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including benzene and formaldehyde, that raise potential health risks for those living nearby
while offering no offsetting economic beneféisindeed, they are associatewith loss of tax
revenue and economic development for the communities where they are sited and traverse. The
Medical Society of the State of New York and the American Medical Association have each
called for comprehensive health impact assessments raggrthe health risks associated with
natural gas pipelines.

In the Upper Midwest, the boom in silica sand mining threatens both air and water quality, has
transformed rural areas into industrial zones, and introduced complex public health risks that
are not well understood. Wisconsin alone provides more than half the sand used in fracking
operations in the United States. Silica dust is a known cause of both lung cancer and silicosis.
Exposures to downwind communiti®sand attendant public health risks froriving near frack

sand mining and processing facilitidsare unknown.

Sand mining and processing

1 June 30, 2015 Because the amount of sand used per frackiglghas increased,
demand for silica sand by the oil and gas industry is still growing evenhhayg
drilling activity has taken a downturn. A global investment bank regdinaat fracking
operations now require an average of 4.2 million pounds of sand per well. A few years
ago, silica sand comprised 9.5 percent of fracking fluid but now is clo2€rpercent.
Further Arising intefsityo of sand use is

1 June 15, 2015 An investigative report biznergyWiredocumented selfeported health
impacts among residents of southwestern Wisconsin who live near silica sand mining
operations that seice the fracking industry. Exposure to silica dust is a proven cause of
silicosis and lung cancer. [See further entries on silica sand exposure among workers in
the section, fAOccupational Heal th and Safe
operatons reportdexposure to dust pollution and respiratory problems. Air monitoring
data from the Wisconsin Department of Natural Resoyf2B&) showedthat none of
t he statebs 6 W®eremnwiotlationéor pariculate nmatten leuts ghe author
noted, the state measut@articles only 10 norometers in diameter or larg€f.Below
this diameter, crystalline silica particle
clearance mechanisms and are likely to lodge deep in the lungs where they can initiate
scarring, autoimmune reactions, and tufieomation®°* Crispin Pierce, polic health
researcher at the University of Wisconsin, Eau Claire, set up air monitors around frack
sand mine operations and consistefilyndh i gher readings than the
results %12re forthcoming in the Novemi2€x15issue of thelournal ofEnvironmental
Health?

49 Chapa, S. (2015, June 30). Demand for sand: frac sand use per well goes up amid low d@goridesonio

Business JournaRetrieved fronhttp://www.bizjournals.com/sanantonio/blog/eafded-shale
insight/2015/06/demanfbr-sandfrac-sanduseperwell-goesup.html

500King, P. (2015, June 15). Frac sand towns question whether rules protect them against silica pollution.
EnergyWire Retrieved fronhttp://www.eenews.net/stories/1060020192

501y.S. Depatment of Labor, Occupational Safety and Health Administration. (n.d.) Dust and its control. Retrieved
from https://www.osha.gov/dsg/topics/silicacrystalline/dust/chadtétmi

502 pjerce, C., Walters, K., Jacobson, J., & Kroening, Z. (in press). PM2.5 Airborne Particulates near frac sand
operationsJournal of Environmental Health
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Wastewater treatmerddilities

1 March 31, 2015 University of Wyoming researchers identified a wastewater treatment
and recycling facility as an important contributor to high winter ozone levels in
Wy omi ngos Gr e e nfacHty releasd aBignaturenmixtuie lofevolatile
hydrocarbons, including toluene and xylewhjch are ozone precursor® This study
documented that recycling activities can transfer volatile pollutants from water into air
when fracking wastewater is clead up for reuse and that water treatment emissions can
serve as an important posurceof air pollutants®4

Pipelines and compressor stations

1 July 15, 2015 Rensselaer County lawmakers passed a resolution asking the state of
New York to freeze the @poval process for the Northeast Energy Direct pipéline
which would carry fracked gas from Pennsylvania to Bastontil it conducts a
comprehensive health impact assessment for natural gas pipgétines.

1 July 8, 2015 Researchers from West Virginidniversity completed leak and loss audits
for methane emissions at three natural gas compressor stations and two natural gas
storage faciliti e sunintendedelease ofinatera ¢as duelte f i n e d
mal function of a cefinedpasmirdendedelease al natraldeo s s 0 d
terms of frequency, ost emissions were leaks, but on a mass basis, losses were the
dominant source of methane emissionsg8g&en}. The top loss emitters were engine
exhausts (accounting for nearly hafacking vents, and slop tanks. Emissions from
compressor blowdowns were not includ€dA related study by a University of Houston
team found that emission rates from compre
higher than from well pad?: 5%8

1 July 7, 2015 Seeking a method to bridge the gap between betipnd topdown
methods of measuring methane emissi®uwsdue University, University of Houston, the
National Oceanic and Atmospheric Administration (NOAA), Environmental Defense

503Fjeld, R.A., Soltis, J., McCarthy, MC., Murphy, S., & Montague, OC. (2015). Influencef oil and gas field
operations on spatial and temporal distributions of atmosphericetimane hydrocarbons and their effect on ozone
formation in winter Atmospheric Chemistry and Physit§, 352742. doi:10.5194/acidl 535272015
S04peterka, A. (201%Apri I 2). Study |l inks Wyo. wiGreéenwirRarieveche t o dr i
from http://www.eenews.net/stories/1060016205

505Nearing, B. (2015, July 15). County: put study before @eynit. Albany TimedJnion. Retrieved from
http://www.timesunion.com/news/article/CousPytstudybeforeany-permit6387404.php

506 Johnson, DR., Covindon, A.N., & Clark, N.N. (2015). Methane emissions from leak and loss audits of natural
gas compressor stations and storage faciliiesironmental Science & Technologhd, 813238. doi:
10.1021/es506163m

507 an, X., Talbot, R., Laine, P., & Torres, £015). Characterizing fugitive methane emissions in the Barnett
Shale area using a mobile laboratdEpvironmental Science & Technologg, 813946. doi: 10.1021/es5063055

508 5ong, L. & Hirji, Z. (2015, July 8). Methane emissions in Texas fracking megfiopercent higher than EPA
estimatesinside Climate NewsRetrieved fromhttp://insideclimatenews.org/news/08072015/methaméssions
texasfrackingregion50-higherepaestimatesil-gasdrilling-barnettshaleenvironmentadefensefund
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Fund, and indeendentesearchers surveyed eight higimitting point sources in the

Barnett Shale using an aircridéifta s ed fAmass bal anceo approach.
processing plants and one compressor station higadgim importance of addressing

me t h a n ee niiistutpeerrs 0 edthat selfreports fromthenGreenhouse Gas

Reporting Program underestimagctual emission rates by a factor of 3.8 or higher, due

to Aunderesti mat ed f ac iityofdmissioaspandtisei ons, t em
exclusion of nonrep®rting facility emissio

1 July 7, 2015 Usingrelatively easyto-acquire and inexpensive stable isotopic and
alkane ratio tracers, researchersrao@ able to distinguish methane arising from natural
gas poduction and transport from agricultural and urban metbaneces, and, in
addition, to distinguish between methane released from shale gas as opposed to
conventional wellslnitial researclirom the University of Cincinnati, University of
California at tvine, and the EnvironmentBlefense Fundound that nethane irthe
Barnett Shale hydraulic fracturing region near Fort Worth, Texas, represents a complex
mixture of these sources. This new approaskd for groundevel measurementsan
complement andxtend topdown approaches, allowing for more accurate inventories
of thermogenic anbiogenic sources of methane emissioiis.

1 July 1, 2015 In New York State, Schoharie County supervisors and medical
professionals demanded comprehensive health impassassets as a precondition for
permitting natural gas pipelines and compressor statténs.

1 June 12, 2015 The Agency for Toxic Substances and Disease Registry investigated the
health effects of ruptured gas pipelines in an analysis of data in a datalzasgeon
petroleumrelated releases to which seven states contribute (Louisiana, New York, North
Carolina, Oregon, Tennessee, Utahd Wisconsin)rom 20162012, there were 1,369
such incidents, which resulted in 259 injuries. More than thueeters ofltese incidents
were related to natural gas distribution. Equipment failure accounted for half of all

incidents; humanerraacc ount ed for 40 percent. The repo
occurrenceo of pe®indudiegdirom matardlgaapgme i nci dent s
ruptured whi ch have Athe potential to cause mas

cont ami®ation. o

1 June9, 20151 The American Medical AssociatiddMA) adopted a resolution,
AProtecting Public Heal t hhativashbaseddmt ur al Gas

509 avoie, T.N., Shepson, mB., Cambaliza, MO. L., Stirm, B.H., Karion, A., Sweeney, C., . .Lyon, D. (2015).
Aircraft-based measurements of point source methane emissions in the Barnett ShaEnBmsimmental Science
& Technology, 497 90471 7913. doi: 10.1021/acs.est.5b00410
510 TownsendSmall, A., Marrero, JE., Lyon, D.R., Simpson, 1J., Meinardi, S.& Blake, D.R. (2015). Integrating
source apportionment tracers into a botigpinventory of methane emissions in the Barnett Shale hydraulic
fracturing regionEnvironmental Scienc& Technology, 48 1 7 882.8loi: 10.1021/acs.est.5b00057

511 Adams, K. (2015, July 1). Schoharie County officials ask new studies on gasiapest say dangers are
equivalent to frackingDaily Gazette Retrieved from
http://www.dailygazette.com/news/2015/jul/01/0701_gaslinmai®p

512 Anderson, AR. (2015, June 12). Health effects of cut gas lines and other petroleum product releasedncidents
seven statedorbidity and Mortality Weekly Repo4,601-605.
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resolutionadopted by the Medical Society of the State of New York. (See below.) The
resolution statesiOur AMA recognizes the potential impact on human health associated
with natural gas infrastructure and supports legislation that would require a
compehensive Health Impact Assessment regarding the health risks that may be
associated with?®atural gas pipelines. o0

1 May 2,2015i The Medical Society of the State of New York adopted a resolution,
AProtecting Public Heal t hhatfecognzeshiha potemtial | Gas
impact to human health and the environment of natural gas pipelines and calls for a
governmental assessment of these risks.

1 March 3, 2015 Researcherwith the Southwest Pennsylvania Environmental Health
Projectmeasure@mbient levels oparticulate and volatile air pollutants from fracking
related operations arglculatel expected human exposutiasVashington County,
PennsylvaniaExtremely high exposures peakaohight when air was stillThese
fluctuating exposurevents mimic, in frequency and intensity, the episodic nature of
health complaints among resider@ver a oneyear period, compressor stations were
responsible for more extreme exposure events (118) than well pads or gas processing
plants.(See footnote4.)

1 February 24, 2015 As part of a literature review dhe health impacts of compressor
stationsthe Southwest Pennsylvania Environmental Health Project reported that peak
emissionsf fine particles tended toccur during construction time, that deyday
emissions during operational timanfluctuate greatly, and that a compressor blowdown
typically represergdthe single largest emissi@ventduring operationg-dence,
documentation of these fluctuatiooannot becaptured by calculating yearly enages. A
blowdown is an intentional or accidental release of gas through the blowdown valve that
creates a 3o 60-meterhigh gas plume. Blowdownsvhich are used to control
pressurecan last as long as three hours. The authorsl tiodétblowdowns reslt in
times of high levels of contaminant release and that anecdotal accounts associate
blowdowns with burning eyes and throat, skin irritation, and headachbere isneither

513 American Medical Association. (2015)-185.930 Protecting public higa from natural gas infrastructure,
Resolution 519, Al5. Retrieved fronmttps://www.ameassn.orgs|3/ecomm/PolicyFinderForm.pl?site=www.ama
assn.org&uri=/resources/html/PolicyFinder/policyfiles/HnEIB5.930.HTM

514 Medical Society of the State of New York. (2015). 2015 House of Delegates Actions: Public Health and
Education. Retrieved fromttp://www.mssny.org/Documents/HOD/Actions/ActionPHE. pdf

515 Southwest Pennsylvania Environmental Health Project (2015, February 24). Summary on compressor stations
and health impacts.d@®ieved fromhttp://www.environmentalhealthproject.org/wp
content/uploads/2012/03/Compresstationemissonsandhealthimpacts02.24.2015.pdfAs we go to press,
SouthwesPennsylvani&nvironmental Health Project released the first results from a pilot study of air quality near
a compressor station in Minisink, New York, which has been in operation sit8e P@e research team

documented episodic spikes in air pollutants that corresponded with waxing and wanregatdfd health

symptoms among 35 residents in eight families who lives within a mile of the compressor. Six of 12 children
suffered from nosdbeds.Southwest Pennsylvania Environmental Health Prqp@t5). Summary of Minisink
monitoring results. Retrieved frohitp://www.environmentalhealthproject.org/wp
content/uploads/2015/06/SummanftMinisink-Results.Public.pdfSee also J. Cohen. (Fall 2015). Gas compressors
and nose bleeds: a new study connects health issues with rural gas compressor pihetiReade Retrieved

from http://www.utne.com/environment/gaempressorandnosebleedszm0z15fzsau.aspx
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anational or state inventory of compressor station accidents nor a bodsr-oépewed
research on the public health impacts of compressor statfons.

1 February 17, 20156 A Boston study found that emissions from residential; sl
natural gas infrastructusgasa significant source of atmospheric meth@aneo to three
times larger than previously presundednd accounted for 60 to 100 percent of methane,
depending on the season. Of all the natural gas in the downstream component of the
natural gas system, 2.7 pentevas lost to the atmospheré.

1 February 10, 2015 A team of engineers from Pennsylvania and Colorado examined
methane emissions from natural gas compressor stations and found that vents, valves,
engine exhaust, and equipment leaks were also majmsonssources. There was
considerable variation in emissions among the 45 compressor stations measured.
Surprisingly, substantial emissions were found even when compressors were not
operating?'®

1 December 27, 2014 A Pittsburgh TribuneReviewinvestigation found that the vast
majorityofnat ur al g a s oOfpipdainedtieat take rpturhl igas Fasndural well
pads to processing pladtsvereregulated by neither federal nor state pipeline safety
laws. The United States has nearly 230,00@svf natural gas gathering lines that are
unregulatedoperating without safety standards or inspecfidrese pipelines are among
the largest and higheptessure pipes in usad carry gaat nearly three times the
pressuref transmission lines, whictiansporthe gas from the processing plants to
urban distribution networkd?

1 November 11, 2014 An analysidy a Carnegie Mellon University research team
40,000 pipeline accidents from 1968 to 2009 found that comparatively few accidents
accounedfor a large share of total property damagkereas a large share of fatalities
and injuriesverecaused by numerous, smaflale accidents. There are 2.4 million miles

516 There do exist some unpublished data gathered by citizen groups that meastwaad posicompressor station
methane emissions and have documented sfyikicreases ambient methane after construction, including at the
Hancock compressor station in Hancock, New York: PaynE, B.Ackley, R. (2014, September). Baseline
methane emissions in Town of Hancock, Delaware County, New York. Retrieved from
http://www.damascuscitizensforsustainability.orgfegmtent/uploads/2014/12/Hancock4.|g#fe also, Cohen, J.
(2015, July 18). Concerns over Milford compressiation.The River ReporteRetrieved from
http://www.riverreporter.com/news/4302/2015/07/15/concemres-milford-compressoestation

517McKain, K., Down, A., Raciti, SM., Budney, J., Hutyra, LR., Floerchinger, C. . .Wofsy, S.C. (2015).
Methane emissions from natural gas infrastructure and use in the urban region of Boston, Massachusetts.
Proceedings of the National Academy of Scient&3,194146. doi: 10.1073/pnas.1416261112

518 SubramaniarR., Williams, L.L., Vaughn, TL., Zimmerle, D., Roscioli, R., Herndon, SC.,. . . Robinson,
A.L. (2015). Methane emissions from natural gas compressor stations in the transmission and storage se
measurements and comparisons with the EPA Greenhouse Gas Reporting Program pratiogniental Science
& Technology49,325261. doi: 10.1021/es5060258

51%wereschlagin, M. (2015, December 27). Rural gas gathering pipelines kindle concernsfatpla\ss.
Pittsburgh Reviewlribune Retrieved fromhttp://triblive.com/news/editorspicks/7362088/linesgas
safety#axzz3NAHfzYF8
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of natural gas pipeline in the United States and 175,000 miles of hazardous liquid
pipeline (which includes crude oit§°

1 Aresearch team led by David O. Carpenter at University at Albany found high levels of
formaldehyde near 14 compressor stations in three states. In Arkansas, Pennsylvania, and
Wyoming, formaldehyde levels near compressatiens exceeded healbdased risk
levels. The authors noted that compressor stations can produce formaldehyde through at
least two routes: it is created as an incomplete combustion byproduct from-fire@jas
engines used in compressor stations. Itge afeated when fugitive methane, which
escapes from compressor stations, is in the presence of sunlight. Formaldehyde is a
known human carcinogen. Other hazardous air pollutants detected near compressor
stations in this study were benzene and hexanea®sample collected near a
compressor station in Arkansas contained 17 different volatile compounds. (See footnote
19.)

1 October 15, 2014 In comments to the Federal Energy Regulatory Commission, New
Yor kés Madi son County Heitaraturenon @begressontstatmm t r e
emissions and expressed concerns aassiciatethealthimpacts,includingdocumented
correlations between healinoblemsand residential proximity to compressor statidhs
also reviewedhealthoutcomesassociated withxg@osures to chemicals known to be
released from compressor statignsluding volatile organic compounds, carbonyls and
aldehydes, aromaticand particulate mattein addition, gas from fracking operations
transiting through compressor stations mayycgaseous radoif heHealth Department
noteda troublinglack of information on the intensity, frequeneynd duration of
emission peaks that occur duritingg blowdowns and large venting episodes that are a
normal part of compressor operatiGas.

1 Septembel6, 2014 Noting the proximity of a proposed higitessure pipeline to
Indian Point Nuclear Facility, as well as the evidence linking compressor station

emi ssions to negative health impacts, New
resolution cding for a comprehensive Health Impact Assessment in regards to Spectra
Energyds planned Al gonquin Increment al Mar

compressqrand metdng stations expansion projett This resolution follows on the

520 Sjler-Evans, K., Hinson, A., Sunday, C., Leonard, N., & Tumminello, M. (2014). Analysis of pipeline accidents
in the United States from 1968 to 200®ernational Journal of Critical Infrastructure Protectiofd, 257-69. doi:
10.1016/}.ijcip.2014.09.002
521 New York State Madison County Health Department (2014, October 15). Comments to the Federal Energy
Regulatory Committeeoncerning docket no. CP487-000, Dominion Transmission, Inc. Retrieved from
https://www.madisoncounty.ny.gov/sites/default/files/publicinformation/madison_county _doh_comments_
docket_no._cpt497-000.pdf
522Rockland County Legislature. (2019eptember 16Resolution No. 404 of 2014 urging that healtfesyand
planning concerns be addressed and mitigated in the Environmental Review and all other revé&sep before
project permissions bergnted for Spectra Energy'dgonquin Incremeral Market (AIM Natural Gas Pipeline,
Compressor and Metering Stations Expansion Projetrieved from
https://sape2016.files.wordpress.com/2014/05/rockindresolution.pdf

124


https://www.madisoncounty.ny.gov/sites/default/files/publicinformation/madison_county_doh_comments_-_docket_no._cp14-497-000.pdf
https://www.madisoncounty.ny.gov/sites/default/files/publicinformation/madison_county_doh_comments_-_docket_no._cp14-497-000.pdf

heels of similar resoluins expressing health concerns about the AIM project from both
Westchester and Putna@ounty legislatures?3 524

1 July 13, 2011 A Fort Worth air quality study assessed the impact of drilling and
fracking operations, and ancillary infrastructure, on comaéonhs of toxic air pollutants
in the city of Fort Worth, Texas. The study found that compressor stations were a
significant source of frackingelated air pollution. The compressor engines were
responsible for over 99 percent of the hazardous air potiitanitted from compressor
stations, of which 67 percent was formaldeh3/de.

Inaccurate jobs claims, increased crime rates, threats to property value and
mortgages, and local government burden

Experiences in various states and accompanying studies hghvawvn that the oil and gas
industrydés promises of job creation from dril |
Many of the jobs are sho#lived, and many have gone to cof-area workers. With the arrival

of drilling and fracking operations, ommunities have experienced steep increases in rates of

crime, including sex trafficking, sexual assault, drunk driving, drug abuse, and violent
victimization, all of which carry public health consequences, especially for women. Social costs
include strainon law enforcement, municipal services, and road damage. Economic analyses

have found that drilling and fracking threaten property values and can diminish tax revenues

for local governments. Additionally, drilling and frackingpose aninherent conflict wih

mortgages and property insurance due to the hazardous materials used and the associated risks.

1 July 1, 2015 Britainé Department for Environment, Food & Rural Affairs released
previouslyredacted sections of a report on the impacts of drilling awdkifng. The
report found that housing prices near fracking wells would likely fall \getv@n percent
for houses within a mile of wells. Furthermore, properties withintofige miles of
fracking sites could incur additional insurance costs. The re@orted of environmental
damages, including from leakage of fracking waste fluids, and found that public health
could be affected indirectly through consumption of contaminated wildlife, livestock, or

523Board of Legislators County of Westchester, State of New York. (2014, JulR@solution RE2014-80
Algonguinincremental Marketing Projecesolution Retrieved from
https://sape2016.files.wordpress.com/2014/05/0884ddiotresolutiorno-80-2014requestingdue-diligenceon-
environmenp.pdf

524pytnam County Legislature. (20May 9). Resolution #104Resolution regarding the Algonquincremental

Market (AIM Project.Retrieved fromhttps://sape2016.files.wordpress.com/2014/05/putoaumty-resolutions
104-163-and182-1.pdf

525 Eastern Research Group. (2011, July 13). City of Forth Worth natural gas air quality study, final report. Retrieved
from
http://www.shaledigest.com/documents/2011/Air%20Quality%20Studies/Ft%20Worth%20Natural%20Gas%20Air
%20Quality%20Study%20Final%20Report%20ERG%20Research%2@011r.pdf See also Energy Research
Group. (2011,July 19). Forth Worth natural gas air quality study final report, pubic meeting presentation. Retrieved
from http://fortworthtexas.gov/uploadedFiles/Gas_Wells/110719 ERG.pdf?v=110725
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agricultural products. The report also found potentiekbme benefits, such as job
growth>2¢

1 July 2015 A working paper by researchers with the National Bureau of Economic
Research found that fracking resulted in an increase in egiehigh school dropout
r at @us estimiates imply that, absent frackitige malefemale gap in high school
dropout rates among 418-year olds would have narrowed by aboup&icentbetween
2000and 2018 nst ead of r e mEhe authorsexplagdihdtlayn ge d . 0O
increasing the demand for leskilled labor, frackingould slow growth in educational
attainment. They noted that the relative wage boost from fracking may be only
temporary Indeed, by the end of the sample period, the benefdsstartedo wane as
the labor demand from fracking appearedadonger favor dspouts. Thus, the fracking
boom may be inhibitingducatiomal achievemenamongyoung merwho fiwould already
be near the bottom of the skill distribution, with possible implications for future
productv i ty and the®8Fcial safety net. 0

1 March 20, 2015 The U.S. Attorney for Western New Yolikked arise in production
of methamphetamine to use among workers in the fracking fields of northern and western
Pennsylvara. Surging demand for the drug, which allows users to stay afeaké to
72 hoursmay berelated to thextremelylong working hoursthat employees the gas
industry must endure?®

1 January 4, 2016 A documentary by Forum News Serviéérafficked Report) revealed
that sex trafficking, including of children, in the Bakken oil fields oftNddakotawasa
significant problen?3® The dynamics of the oil boom, with an influx of eaftstate and
primarily male workers far from their families, created an increase in demand for
prostitution®3*

1 December 28, 2014 TheNew York Timeprofiled the imp@cts of oil drilling and
fracking on the Fort Berthold Indian Reservation in North Dakota, finding corruption,
crime, and negative environmental impaétside from a significant rise in jobs, which
often go to transient workers, manye s i deae mdtesiorafion rather than improvement

526\aughan, A. & Mason, R. (2015, July 1). Fracking could hurt housegrhealth and environment, official
report saysThe GuardianRetrieved from http://www.theguardian.com/environment/2015/jul/01/fraekndd
hurt-housepriceshealthandenvironmentofficial-reportsays

527 Cascio, F. U., & Narayan, A. (2015, July¥ho Needs a Fracking Education? The Educational Response to Low
Skill Biased Technological Change. National Bureau of Economic Research. Retrieved from
http://www.nber.org/papers/w21359

528 Chandra, S. (2015, July 14). Frackiodsencouraged Americateens & becomehigh schooldropouts.
Bloomberg Busines&Retrieved from: http://www.bloomberg.com/news/articles/20T8 4/frackingjobs
encourageeéimericarteensto-becomehigh-schootdropouts

522 Newberg, R. (2015, March 20). Meth use tied to fracking workePeimsylvaniaWlIVB 4 Retrieved from
http://wivb.com/2015/03/20/methsetied-to-fracking-workersin-pennsylvania/

530 Dalrymple, A. & Lymn, K. (2015, January 4). Trafficked Report: Sex for sale in the Bakkeimmm News
Service Retrieved from http://wwwraffickedreport.com/?p=15

531 Gaines, J. (2015, March 9). The oil boom in North Dakota now has a serietraffieking problem Business
Insider. Retrieved from http://www.businessinsider.com/natéikotasextrafficking-prostitutiorroil-boompolice-
raid-2015-3
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in their standard of living. They endure intense truck traffic, degraded roads, increased
crime, strained services and the pollution
According to theTimes calculation, tle reservation fthseen 850 oitelated

environmental incidents from 2007 through rddtober 2014, which generallyent

unpunished??

1 December 26, 2014 Examining Pennsylvania Department of Transportation data,
OhioGs Star Beacomewspaper found that frieog poses a safety threat on rural roads.
The paper found that Pennsylvaisifive busiest drilling counties recorded 123 more
heavy truck crashes in 2011 than before the gas boomdegE)7 percentncrease.
The paper noted the burden drilling and fiagkplacel on local communities and
governments, including the strain on local emergency respotiders.

1 December 17, 2014 Heavy drilling and fracking (defined as 400 or more wells drilled
within a county over 8 years)vaspositively correlated with ineased crime, sexually
transmitted diseases, and traffic fatalities, according to a report by theSvatki Shale
Research Collaborativé? The report looked at the impacts in Pennsylvania, Ohio, and
West Virginia, primarily finding statistically significa impacts in six healy drilled
counties in Pennsylvania. In those six counties, violent crime increasepel@end
corresponding to about 130 more violent crimes in those countgsLi® comparedo
a decrease in violent crime rates in both urbanrarad nordrilling communities.

Property crime increased 1(p8rcentin those six countieslrug abuse rates rose 48

percent anddrunk-driving offenses rose 6percentcompared to 4percentin rural areas

with no drilling. The report found a statistibasignificant increase of 2gercentio 27

percentn rates of sexually transmitted diseases across drilling counties in all three states.
Motor vehicle fatalities increased 2p8rceni n Pennsyl v-drilingaés si x hi
counties. The report found a oest increase in jobs, but noted that an influx ofajut

state workers at least partially expladtthe increases in traffic and crime.

1 December 15, 2014 A report written in Frenchby Quebe& Advisory Office of
Environmental Hearings concluded thag environmental costs of fracking in the St.
Lawrence Lowlands would outweigh the potential economic benefits. In a press release,
the Advisory Office of Environment al Hear i
advantageous for Quebec because of thgnitude of the potential costs and
externalities, compared to royalties that would be collected by Quebec. Other concerns

532 Sontag, D. & McDonald B. (2014, December 28). In North Dakota, a tale of oil, corruption andTdedtlew

York TimesRetrieved from http://www.nytimes.com/2014/12/29/usfarthr-dakotawhereoil-corruptionand
bodiessurface.html

S¥Finnerty,J( 2014, December 26). Fr acki ng8tarBdacogRgteeved fromaf et y t |
http://www.starbeacon.com/news/frackisdpiggestsafetythreatis-on-ruralroads/article_bc486878caflle4
b4d96382c924a6f9.html

534Price, M., Herzenberds., Ward, S., Wazeter, E., & Basurto, L. E. (2014, Decenibee) Shale Tipping Point:

The Relationship of Drilling to Crime, Traffic Fatalities, STDs, and Rents in Pennsylvania, West Virginia, and Ohio.
Retrieved from: http://www.multistateshale.org/Mgtpping-point

535 McKelvey, W. (2014, December 17). Fracking brought spikes in crime, road deaths and STDs to Palhesport.
Patriot News Retrieved from
http://www.pennlive.com/midstate/index.ssf/2014/12/fracking_brought_spikes_in_vio.html
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also remain, including plans of social acceptability, legislation, and a lack of knowledge,
particularly with respect to water resoue 3. 0

1 September 28, 20T4A Washington Poshvestigation reported dmeroin and
methamphetaminaddictior® and associated violent crideamong Native American
communitiedocatedwithin the Bakken Shale dilelds. According to a chief judge for
theMandan, Hidatsa, and Ari kara Nation, #AThe
brought is destr®™ying our reservation. o

1 September 9, 2014 A study by researchers at Colorado State University examined the
political economy of harm and crime associated withoil and gas industry in rural
Colorado, particularly around the rise of fracking. The researchers looked at complaints
that citizens filed with the state, and also conducted interviews and examined other data.
They found 2,444 complaints between Nowem2001 and June 2013 covering a range
of issues including water, environment, noise, air quality, land use, and more. They
characterizeditizen complaint® se xfit e nsi v e a ncdnclededhai,l ex 0 and
regardles®f the nature of the harm, most wéersistent and omnipresentather than
shortlived, isolated problem?

1 October 30, 2014 TheNew York Timeprofiled the profound impact heavy drilling has
had on Glasscock County, Texas, including its farming community. Farmers described
increases in trash, traffic accidents, clashes around farmers selling groundwater to
drillers, and economic detriment. In macases, acres of farmland around a drill site
Awill probably never be suitable for fert.i
of what drillers want to pafor damagesThe county itself receives revenue, mgst of
that additional moneiis being used to repair roads damaged by oil field truck activity.
Overall, the gains from drilling are not viewed as worth the drawbacks in a county long
dominated by *®otton farming. o

1 September 11, 20T4An editorfor theWashington Postxamined jobs and
manufacturing data in Youngstown, Ohio, to demonstrate that drilling and fracking are
not resulting in a revitalization of the Rust Belt as some proponents and a proNement
York Timesstory asserted. THeostdetermined that in Youngswvn, Ohio, the
manufacturing sector has lost jobs by the tens of thousands in the last twenty years and
the oil and gas industry has created approximately two thousand jobs since the recession

536 McCarthy, S. (2014, December 15). Fracking dealt another setback by QuebecTtep&tobe and Mail.

Retrieved from http://www.theglobeandmail.com/repambusiness/industipews/energyandresources/bape
saysshalegasproductionnotadvantageoufor-quebec/article22096203/

S"Horwitz, S. (2014, September 28). Dark side of the bo
reservation along with drufyieled crime TheWashington PosRetrieved from
http://www.washingtonpost.com/sf/nationali2J09/28/darkside-of-the-boom/

538 Opsal, T. & Shelley T. O. (2014). Energy crime, harm, and problematic state response in Colorado: A case of the
fox guarding the hen hous€?itical Criminology, 22(4), 561577.

539 Batheja, A. (2014, October 30). A coumgsents oil drilling, despite the money it bringsThe New York Times
Retrieved from http://www.nytimes.com/2014/10/31/usbainty-resentsoil-drilling-despitethe-moneyit-brings
in.html?ref=earth&_r=1
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ended. Six yeargrior, there were 13,000 more jobs in the ¥Yigestownmetro area than
there were irsummer2014°4°

1 September 6, 2014 In Williams County, North Dakota, in the Bakk&hale, increases
in crime have corresponded with the flow of oil. The infusion of cash has attracted career
criminals who deal in drugsiolence and human sex trafficking. ThWilliston Herald
portrayed, in a fAreaderdés discretidon advi s
fivi ol ent crimes that result in the I mmedi at
safety, suchasmdrer , | arceny and rlawenforceméhi t h f ewer
personnel, gme in Williams Countythas ri sen i n kind with the
funding, staffing and suppoPt training for

1 September 201% Reporting orthe saial, environmental, health and safety, and
economic burdens endured by localities from frackihg magazin&overning: The
States and Localitie®und thatfifracking, in many cases, negatively impacts property
values, which in turn depresses propéatyrevenue. For property owners who own the
rights to the oil and gas on their land, the effects of drilling can be offset by royalty
payments. But localities have®ho revenue o

1 August 26, 2014 The U.S. Justice Departnte@ffice an Violence Against Women
awarded three million dollars to five rural and tribal communities to prosecute crimes of
violence against women and provide services to victims of sexual assault, domestic
violence and stalking in the Bakken Region obith Dakota and Montart4® Rationale

documented by tribal leaders, law enforcemamt d t he FBI i ncluded, A
devel opment of trailer parks and modul ar h
camps; 6 abrupt i ncr ea susing, napidintux of peodle, | i vi ng,

including transients, in a previously rural and stable community; constant fear and
perception of danger; and a lost way of life. Local and tribal officials and service

providers reported that these changes have been acdeohpgra rise in crime,
including domesti®® and sexual violence.Oo

1 May 27, 2014 A Bloomberg Newanalysis of 61 shaldrilling companiesoundthat
the economic picture of shale oil and gasristable. Shaldebt has almost doubled over

“Tankersley, J. (2014, September 11) TheRVashicgionfogt hasnot
Retrieved fromhttp://www.washingtonpost.com/news/storyline/wp/2014/09/11/frackimgntrestoredthe-rust
beltslostjobs/

541Bell, T. (2014, September 6). Modernized slav&Wlliston Herald.Retrieved from
http://www.willistonherald.com/news/modernizgthvery/article 84e257d861511e4a4f8001a4bcf887a.html

542 Shafroth, F. (2014, September). Fracking's financial losers: local govern@ewmtming: The States and
Localities.Retrieved from http://www.governing.com/columns/pubtioney/govfrackingsfinanciatlosers.html

543U.S. Department of Justice. (2014, August 26). Associate Attorney General West announces $3 million in grants
to address violence against women in rural and tribal communities in the Bakken Ragime NewsRetrieved

from http://www.justice.gov/opaffassociatattorneygeneralwestannounces-million-grantsaddressviolence
againstwomen

544U.S. Department of Justice. (2014). OVW Fiscal Year 2014 Violence Against Women Bakken Region Initiative:
Enhanced response to victims application guidelinesigret from
http://www.justice.gov/sites/default/files/ovw/legacy/2014/04/25/fy201ittive-for-the-bakkenregionenhanced
servicesfor-victims.pdf
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the last four yars while revenue has gained just 5.6 percent. For the 61 companies in
their analysisBloomberg Newsepore d :n a fmdasure of the shale indu&rfinancial
burden, debt hit $163.6 billion in the first quartésurther,Bloombergnoted that drillers

are caught in a bind because they must keep borrowing to pay for exploration needed to
fioffset steep production declines typical of shale wellsor companies that cérafford

to keep drilling, less oil coming out means less money coming in, accelefraing t
financial tailspin®®*

1 May 5, 2014 An Associated Press analysis found that traffic fatalities have spiked in
heavly drilled areas of six states, whereasst other roads in the nation have become
safer even as population has grown. In North Dakota drilling counties, for instance,
traffic fatalities have increased 350 percéft.

1 April 16, 20147 A comprehensive article in tiidbany Law Reviewoncludedhat the
ri sks inherent with fracking are not cover
by the oil and gas industrgnd threaten mortgages and property vatte.

1 April 20147 A report by theMulti-State Shale Research Collatiore, fi Assessi ng t
| mpacts of Shale Drilling: Four Community
community, government, and human services impact of fracking on four rural
communities. The study found that fracking led to a rapid influx cbéstate workers
and, althouglsome new jobs were created, these were accompanied by additional costs
for police, emergency services, road damage, and social services. In addition, increased
rents, and a shortage of affordable housing accompanied the fracking boom.
Unempbymentroseatr o ne ¢ o endedip énsthebcoumtggnemployment
stayed above the state average througtfSut.

1 March 27, 2014 A report by researchers at Rand Guogiiondetermined that each
shale gas el in Pennsylvania causes between $5,400 and $10,000 in damage to state
roads.The reportdid not calculate damage to local roads, which is also significant.
Researchemssed estimates of truck trips that are significantly below the number

545 oder, A. (2014, May 27). Shakeout threatens shale patch as frackers go foBiwokeberg Retrieved from
http://www.bloomberg.com/news/200%6-26/shakeouthreatensshalepatchasfrackersgo-for-brokehtml

546 Begos, K., & Fahey, J. (2014, May 5). AP impact: Deadly side effect to fracking Peswociated Press
Retrieved from http://bigstory.ap.org/article/appactdeadlysideeffectfracking-boomO
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estimatedor New Yorkby theNew York State Department of Environmental
Conservatiort® 50

1 February 15, 201# TheLos Angeles Timedetailed steep increases in crime that have
accompanied fracking in parts thie Eagle Ford Shala Texas including sexual assaults
andthefts>!

1 February 14, 2014 Pennsylvania landownevgth fracking leasesgallied in Bradford
County against gas companies for precipitous drops in royalty payPaénts.

1 December 20, 2018 The National Association of Realt@GRealtorMagsummarizd a
growing body of resear¢cincluding a University of Denver survey anéRauters
analysis that shows threagsroperty value$rom fracking and gas drilling>3

1 December 12, 2018 A Reutersanalysisdiscussedhow oil and gas drillindpas made
making some mpertiesiunsellablé andresearched thiink between drilling and
property value decline§he analysis highlightea Duke University working paper that
finds shale gas drilling near homes can decrease property values by an average of 16.7
percent if théhouse depends on well watéf.

1 December 10, 2018 Pennsylvaniés The Daily Revieweporedthat more gas
companies are shifting costs to leaseholdergtzatdoyalty paymentsredrastically
shrinking. The story quoteBradford CountyCommissioner DoudyicLinko saying that
some gas companiéare robbing our landownerand that the problem of royalty
payments being significantheducedoy deductions for pogiroduction costsis
widespread throughout our courfi??

1 November 30, 201B TheNew York Timereported striking increases in crime in
Montana and North Dakota where the oil and gas boom is prevalent, as well as challenges
faced bylocal residents from the influx of cutf-area workers and the accompanying
costs TheNew YorKTimesrepored, fi [6just feels like the moderday Wild West)said

549 Cusick, M. (2014, March 27). Reporhfis each Marcellus gas well costs thousands in road daBtageimpact
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thousandsn-roaddamage/
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Sgt. Kylan Klauzer, an investigator in Dickinson, in western North Dakota. The
Dickinson police handled 41 violent crimes last year, up from seven only five years
agoor>®

1 November 21, 201B The Multi-State Shle Research Collabaiive released a sigtate
collaborative report demonstrating that the oil and gas indhasgreatly exaggerated
the number of jobsreated by drilling and fracking in shale formatiohke report found
that far from the industig claims of 31 direct jobs created per well, ofdur jobs are
createdor each well. It also demonstrated that almost all of the hundreds of thousands of
Gncillarydjobsthat the drilling industry claims arelated toshale drillingexistedbefore
suchdrilling occurred As Frank MauroExecutiveDirector Emeritusof the Fiscal Policy
Institute put itfilndustry supporters have exaggerated the jobs impact in order to
minimize or avoid altogether taxation, regulatiand even careful examination sifale
drilling.o>’

1 November 12, 201B The American Bankeeporedthat thefiFracking Boom Gives
Banks Mortgage Headachesyith a number of financial institutions refusing to make
mortgages on land where oil and gas rights have been sold to an energy carhpany.
articlestatedthat the uniform New York state mortgage agreement used by Fannie Mae
and Freddie Mac requires tHaameownersot permit ag hazardous materiate be used
or locatedon their property Fracking isthereforea problem because itjisst sucha
hazardous activity with use of hazardous mate?téls.

1 September 25, 2013A reportfoundthat fracking is linked to significant road damage,
increased truck traffic, crime, and strain on municipal and social services. Data from the
past ten yearsn the social costs of fracking including truck accidents, arrests, and higher
rates of sexually transmitted diseasesadireause for alarm>>°

1 September 12, 2013In a feature titlediPa. fracking boom goes busThe Philadelphia
Inquirer presentediata from the independent Keystone Research Center defiflidihgt
besb job growthand declines in production and royalty payméPts.

556 Healy, J. (2013, November 30). As oil floods plains towns, crime poufhaiNew York TimesRetrieved from
http://www.nytimes.com/2013/12/01/usfai-floods-plainstownscrime-poursin.html?smid=twshare& r=0

557 Campbell, J. (2013, November 21). Reptmtustrybacked studies exaggerate fracking job estim&elitics
on the HudsonRetrieved from http://polhudson.lohudblogs.com/2013/11/21/répdutstry-backedstudies
exaggeratdrackingjob-estimates/
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1 August 22, 2013 A University of Denveistudyin theJournal of Real Estate Literature
found a Sto 15percent reduon in bid value for homes near gas drilling sit&s.

1 August 21, 2013 The Atlantic CitieandMSN Moneyeporedthat fracking operations
may be damaging property values and may impair mortgages or the ability to obtain
property insuranceb? 563

1 August 13, 2013 A ProPublicainvestigative analysi®und that Chesapeakmergy is
coping with its financiadifficulties in Pennsylvania by shifting costs to landowners who
are now receiving drastically reduced royalty paymeits.

1 August 4, 2013 In asurvey ofWest Virginialandowners wittshale wells on their
property more than halfeporedproblems including damage to the land, decline in
property values, truck traffi@nd lack of compensation by the oil and gas compny.

1 May 24, 2013 Pennsylvania Department of Transportation Secretary Allen D. Biuhler
and Pennsylvania State Police Commissioner Frank Pawlowski said that gas drilling has
led to increases in truck traffic, traffic violations, crime, demand for social services, and
the number of miles of roads that are in need of repairs. Theylioét drilling
companies that committed to repairing roads have not kept pace with the roads they
damageCommissioner Pawlowski reported that 56 percent of 194 trucks checked were
over the legaweight limit and 50 percent were also cited for safety violatéhs.

1 May 4, 2013 Pennsylvanié Beaver County Timessked, iWhat boom®in pointing to
Keystone Research Center data showing thatdhngber ofobs numbersreated by
shale gas extractiaio not add upo what the gas industry claims, noting that
unemployment has increased and the state actually fell'tm4Be nation for job
creation>®’

561 Downing, B. (2013, April 22). Survey says home values hurt by fracking at drill ©ikés.com Retrieved from
http://www.ohio.com/blogs/drilling/ohiaticashale1.291290/surveysayshomevalueshurt-by-fracking-at-drill -
sites1.422838
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1 April 2, 20131 TheNew York Timeeeported that manufacturing jobs resulting from an
abundanceas hal e gas have not appeared. AThe proc
petrochemical i ndust ry, ThdNaw YorKlimeseeportedl ow t o
The article suggested that increased automation has made it unlikely that manufacturers

will add many jobs>%®

1 March 19, 2013 TheWall Street Journateported that the shale gas boom has not had a
big impact on U.S. manufacturing because lower energy prices are only one factor in a
companyods decision on where t ¢impodaotat e f act

factor. ACheap ener gygafsl obwoionng ifsr ooni ttehne tUlb. uSt
changer o for nmnmaumalfagamutredcg, DDe hipi te the bert
costs, however, the game hasnats®cdhanged fo

1 February 2013 A peerreviewed analysis of industifynded and independent studies on
the economics of frackinfpundthat it is unlikely that fracking will lead to lorgrm
economic prosperity for communitieBhe analysis notethat shale gas development
brings a number of negative externalities including the potential for wateaneditand
contaminationnegative impacts opublic health; wear and tear on roads and other
infrastructure; and costs to communities due to irsg@a@emand for services such as
police, firedepartmentsemergencyesponders, and hospitals.

T November 16, 201R A Duke University study showed a drop in home values near
fracking for properties thaely ongroundwater?’?

1 September 27, 2012TheNewYork Timeseported that the prospect of frackinas
hinderechome sales in the Catskills araisedconcerns about drops in property values,
according to real estate agents and wdndduyers.?

1 August 17, 2012 A study by thestate agencies, tiMontana All Threat Intelligence
Center and the North Dakota State and Local Intelligence Cémied that crimeose
by 32 percent since 2005 in communities at the center of the oil and gasBoom.

568 Schwartz, N. D. (2013, April 01). Rumors of a chemergy jobs boom remain just thaheNew York Times
Retrieved from hti://www.nytimes.com/2013/04/02/business/economy/rurmdiacheapenergyjobsboom
remainjustthat.html?_r=0
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from http://www.nytimes.com/2012/09/30/realestate/frackeayshurtsecondhomesalesin-
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1 October 3020111 A comprehensive article in tiéew York gte Bar Association
Journalconcludel that the risks inherent with fracking threaten mortgades.

1 October 26, 2011 The Associated Press reported that areassigthificantfracking
activity, including Pennsylvania, Wyoming North Dakota and Teaesfiseeing a sharp
increase in drunken driving, bar fights and other-reatlingo°”®

1 October 19, 2011 A New York Timemvestigationfoundthat fracking can create
conflicts with mortgages, and thidiankers are concerned because many leases allow
drillersto operate in ways thatviolateu | es i n | andowner sé mortga
i [efrful of just such a possibility, some banks have become reluctant to grant mortgages
on properties leased for gas drilling. At least eight local or national bankg tgmally
issuemortgages on such propertitenders sayr’®

1 September 7, 2011 The NYS DECestimated that 77 percent of the workforce on initial
shale gas drilling projects would consist of transient workers from out of state. Not until
the thirtiethyear of shale gas development would 90 percent of the workforce be
comprised of New York resident§’

1 August 15, 2011 ThePittsburgh PosGazettaeported that increases in criricdlowed
the Pennsylvania gas drilling boom, noting, for instance, thakerudriving arrests in
Bradford County were up 60 percent, DUI arrests were up 50 percent in Towanda, and
criminal sentencing was up 35 percent in 28/£0.

1 July 26, 2011 A New York State Department of Transportation document estimate
that fracking in Ne York could result irthe need foroad repairs and reconstruction
costing$211 million to $378 million each yeaf®
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Journal,83(9). Retrieved from http://www=eacc.org/resources/NYSBA_Journal_nov
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55 Levy, M. (2011, October 26). Towns see crime, carousing surge amid gas Aesociated PresRetrieved
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I June20,2011A Keystone Research Center study fou
48,000 jobs created between 2007 and 2010 as a result of natural gas drilling in
Pennsylvania is a fary from theactualnumber of only 5,669 jolds many of which
wereout-of-state fres>8°

1 May9, 20117 A study in theJournal of Town & City Managemefdund thatshale gas
development a n i migndicamt shiirtand longtermcosté t o | oc al commur
The study noteéthat shale gas development creates a wide range of potential
environmental hazards and stressors, all of whichaclwersely impaategional
economiesincluding tourism and agricultusectorss?

1 November 30, 2010 TheDallas Morning Newseatured a storyijDrilling CanDig into
LandValuepreporting that the Wis€ounty Central Appraisal District Appraisal
Review Board found that a drilling company had causdiatraordinary reductianin
property value, by 75 percetit

1 November 28, 2010 The TexasWise County Messengeporedthat some landowners
near fracking operatiorexperiencexcessive noisexposure taliesel fumes, and
problems with trespassing orkers>8?

Inflated estimates of oil and gas reserves and profitability

Industry estimates of oil and gas reserves anoffiability of drilling have proven unreliable,
casting serious doubts on the bright economic prospects the industry has painted for the public,
media, and investors. Increasingly, well production has been sfiged, which has led
companies drilling sha to reduce the value of their asseby billions of dollars, creating
shortfalls that are largely filled through asset sales and increasing debt load. The recent fall in
oil and gas prices means that interest payments are consuming revenue of many smaller
companies, raising questions about who becomes the custodian of wells and infrastructure when
companies abandon operations. In Alberta, Canada, newly abandoned wells dot the landscape,
leaving the provincial government to close down and dismantle t@emntask estimated to
require decades.

1 June 19, 2015 A Bloomberg Businesanalysis of the 62 drilling companies in the
Bloomberg Intelligence North America Independent Exploration and Production Index

580 Herzenberg, S. (2011). Drilling deeper into job claiksystone Research CentRetrieved from
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found that the compani eshemderRiofthed2t i nued t
companies, interest paymemiereconsuming more than Jrcenb f r evenue. Dr i
debt rose to $235 billion at the end of the first quarter, petéentincrease over the year

prior. Bloomberg Businessxpressed concern thgtale drillershaveficonsistently spent

money faster than theydbve made ited even wh
specul ative, or junk, ratingsndex®¥ 45 of the

1 April 7, 20151 A Moodyds Investors Service analysis of Liquefied Natural Gas (LNG)
prospects found that lower oil pricegrecausing suppliers to defer or cancel most
proposed LNG projects. Moodyfound that thisvasdue in part to the drop in
international oil prices relativie U.S. natural gas prices, thus removing the economic
advantage of U.S. LNG projects. Mo@dy s t BNGesd capifaintensive
infrastructure business prone to periodic construction cycles that lead to overcapacity,
which we expect will continue fonte r est o% t he decade. 0

1 March 20, 2015 A study by the Energy Watch Group in Germany found that the costs
of allowing fracking in Germany would outweigh the benefits, noting in part that natural
gas trading in th&nited Statetias been declining sin@®09. The study also nat¢he
costs of infrastructure, environmental and health risks andgolimthe need to expand
renewable energy?®

1 December, 201# An International Energy Agency (IEA) report projected that U.S.
domestic oil supplies, dominateg fracking, face challenges, and oil output from shale
formations outpytwill level off and decline in the early 2028%.IEA Chief Economist
Fati h Bi r oi{supgliedioidmarkdi iA thexsbetedm should not disguise the
challenges that lie aheaet?

1 August 29, 2014 Andrew Nikiforuk, a Canadian energy analyst, reported on
diminishing returns anthe highercost, highewrisk nature of fossil fuel extraction by
fracking. N iMloisft o rod k stohamd gassfirmis @rédnow pursuing
extreme hydrocarbons because the cheap and
will spend more good money chasing poor quality resources. They will inefficiently mine

584 oder, A. (2015, June 18). The shale industry could be swallowed by its owrBtielbhlerg Business
Retrieved from http://www.bloomberg.com/news/articles/2064 8/nextthreatto-u-s-shalerising-interest
payments

585 Moody's Investors Service. (2015, April 7). Lower oil prices cause suppliers of liquefied natural gas to nix
projects. Retrieed from https://www.moodys.com/research/Mootliguefied-naturatgasprojectsnixed-amid-
lower-oil-prices-PR_322439

586 Sagener, N. (2015, March 26). Fracking costs outweigh benefits for Germany and Europe, stillyAats.
Retrieved from http://wwwgractiv.com/sections/energy/frackhogstsoutweighbenefitsgermanyandeurope
study-says313087

587 International Energy Agency. (2014, December). World Energy Outlook 2014 Executive Summary. Retrieved
from http://www.iea.org/publications/freepublicatiopsgblication/WEO_2014 ES_English_WEB.pdf

58 Dimick, D. (2014, December 19). How long can the U.S. oil boom Matidnal GeographicRetrieved from
http://news.nationalgeographic.com/news/2014/12/14%eaking-oil-supply-price-reservegrofits-environment

137






