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Shale gas extraction and production using HVSWHFHL:

Defining the scope of the process

Determinants of health and the scope of potential impacts

Environmental and community stressors include air pollution, water contamination,
chemical mix, radioactivity, waste, truck traffic, noise and light pollution, changes in

community character, worker health issues, climate change

Public health concerns, Health Impact Assessment and the medical community’s

advocacy

Comprehensive sources of health information:

PSE for Healthy Energy CONTINUING MEDICAL EDUCATION (CME)
http-/fwwwpsehedithyener =y ors foite fvisw/1052

PSE for Healthy Energy PSE STUDY CITATION DATABASE on Shale Gas & Tight Oil
Development http://wwwopsehesithvenersyvors/site/view/i 1 80#sthash CHpBvE sl dpuf

Concerned Health Professionals of NY wwauconcernedhesithnyors

University of Michigan Graham Sustainability Institute Integrated Assessment Plan
http-/fzraham umich.adu/knovledze /i hydraulic-frac turing

Southwest Pennsyivania Environmental Health Project wwausnvironmentalhesithprojact.orz

Pediatric Environmental Health Specialty Units http-/’wwwaosc ors/pshsuhtm

Chief Medical Officer of Health’s Recommendations Concerning Shale Gas Development in
New Brunswick {CANADA) September 2012 http:ffvwew2 Znb.ca/content/dam/znb /Depatments/h-
s/pdijen/HesithyEnvironments Reco mmendstions ShaleGasDevelop ment pdf

Ban Michigan Fracking wwaubanmichisanfrackinz.org

Sme of the compendia of health impactse listed here Throughout the presentation there are maagditional
referenceson the slides (please see the pdf of slides).
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The new resource from Physicians, Scientiets Bngineers for Healthy Enerigya searchable citation

database of peeNSE @A S6SR aldzRASa 2y (KS & dzodatdbade is 8 Waluabl tedoBce I I &
for the media, homeowners, legislators, government officials, academics and activists alike
http://www.psehealthyenergy.orag/site/vie/1180#sthash.CHp8vErJ.dpuf

Pl

PSE for Healthy Energy CONTINUING MEDICAL EDUCATION (CME)
http://www.psehealthyenergy.org/site/view/1052

Concerned Health Professionals of WXw.concernedhealthny.org

University of Michigan Graham Sustainability Institute Integrated Assessment Plan
http://graham.umich.edu/knowledge/ia/hydraulidracturing

Southwest Pennsylvania Environmental Health Projeetv.environmentalhealthproject.org

Pediatric Environmental Health Specialty Uhittp://www.aoec.org/pehsu.htm

Ban Michigan Frackirgtp://banmichiganfracking.org/?page id=339

HIGH-VOLUME SLICK WATER HORIZONTAL HYDROFRACKING
~ silica ™~ quantity of water withdrawn ~ transport ~ drilling
~ during and post fracking ~ storage
~ processing ~ waste disposal ™~ pipeline transport ~ climate change

**Prof Tony Ingraffes ot the Univ of Chicago 2014 https://www.youtube com/wetch?v= oPglAARS4U

High volume, slick watehorizontal hydrazft A O FNI OGdzNAy3 A& | ySg LI AOIFGA:Y
hear that fracking has been done for 60 yaaishas That was the old type of fracking, not this new

unconventional onavhich was only developed in the late 1990s. About ten §immore water, silica and chemicals

are used in the new unconventional well compared to the older conventional type.
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http://www.psehealthyenergy.org/site/view/1180#sthash.CHp8vErJ.dpuf
http://www.psehealthyenergy.org/site/view/1052
http://www.concernedhealthny.org/
http://graham.umich.edu/knowledge/ia/hydraulic-fracturing
http://www.environmentalhealthproject.org/
http://www.aoec.org/pehsu.htm
http://banmichiganfracking.org/?page_id=339

The fracturing is done from a wellbore drilled into rock formations to increase the recovery of gas. The

unconventional process uses®2million gallons of water per frack, silica sand and chemicals blasted at high

pressures. This enables the recoverga$ from lowporosity tight shale formationsHowever, in Michigan, one

well used over 20 million gallons of water, and althougniy contained 0.5% of hydrochloric acid, the total volunfie

acidused in the treatment was 116,377 gallenshe volume & y S Nf & GSy &Gl yRIFINR MHQ E HnQlasg)

Fracking is just one part of the process of gas exploration and usually takes only a short time compared to the
drilling and production phases.

Ly GKAA& LINBaASyll A2y I L Qf 6f gas &traitiodband poglugtion; fiod He@innindt& Sy A NJ
the end, because environmental problems have been encounteredadwuérsehealth impacts have been
observed during all the steps.

For example,

--exposure during the mining of silica sand can causg tiseases

--water withdrawal can cause the depletion of the water supply because exceptionally large amounts of water are
used

--in transport there can be spills of chemicals and traffic accidents

--during drilling aquifers can become contaminated withethaneand chemicalslue to casing failure

--there could be exposure to radionuclides, which are carcinogenic

--air pollution with ozone production from diesel transport vehicles, and then during drilling, venting, flaring and
processing, and also atmpressor stations occurs

--disposal of waste is a problem as there are few treatment facilities able to handle it

--noise and light pollution occur

-there are health issues from climate change

--and people can experience psychological stress duringtitiee process due to concerns about the potential
loss of home value and loss of water, and health impacts.
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DETERMINANTS OF HEALTH

People..

Q-
(}0 ~ in areas mining silica
Q’b ~ where gas drilling and fracking occur
\6\ ~ near pipelines, power plants and storage facilities

‘%

~ who receive their water from gas drilling areas
-\é\ ~ who are downwind of gas producing or processing areas
06\ ~ whose regions receive gas drilling waste
\‘\\\ ~ Marcellus shale gas consumers
~ who are workers in the gas industry
~ whose health is already compromised, or who are
vulnerable, as wellas animals, water, air and crops

The World Health Organization defines healtrials a G+ 6 S 2F 02 Y L)X SGS LbikiegandOl £ = Y Sy
not merely the absence of dis&t § 2 NJ (WIAG BOBBY A G & ¢

Overall health is influenced by a broad range of both individual and collective faatatsheir interactions;
GKSaS TILOG2NA I NB NBFSNNBR (2 Fa aRSGSNXYAYLydGa 2F KEI
http://www.nwci.ie/download/pdf/determinants _health _diagram.pdfand
http://www.euro.who.int/__data/assets/pdf file/0010/74737/E89383.pdéand
http://www.swansea.gov.uk/hcswip/media/pdf/4/1/Determinants_of Health_and Wellbeing.patid
http://www.healthknowledge.org.uk/publichealthtextbook/diseasecausationdiagnostic/2hprincipleshealth
promotion/responsibilitieshealth-physicalmental and
http://www.local.gov.uk/healthA/journal_content/56/10180/3511260/ARTICLENd
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2690205Aand
http://www.thelancet.com/journals/lancet/article/PI1IS0146736(12)60298/fulltext & XGovernments have a
duty to provide healthy environments for all their citizens, especially for vulnerable and disadvantagedgéoups

! http://www.who.int/about/definition/en/print.html

2 hitp:/Avww.nwei.ie/download/pdf/determinants_health_diagranpdf and

http://www.euro.who.int/ _data/assets/pdf file/0010/74737/E89383.pdand
http://www.swansea.gov.uk/hcswip/media/pdf/4/1/Determinants_of Health and Wellbeing.patid
http://www.healthknowledge.org.uk/publichealth-textbook/diseasecausationdiagnosti¢2h-principleshealth-
promotion/responsibilitieshealth-physicaimental and http://www.local.gov.uk/health+
/journal_content/56/10180/3511260/ARTICLENd http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2690205and
http://www.thelancet.com/journals/lancet/article/P11S0146736(12)60298B/fulltext
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http://www.nwci.ie/download/pdf/determinants_health_diagram.pdf
http://www.euro.who.int/__data/assets/pdf_file/0010/74737/E89383.pdf
http://www.swansea.gov.uk/hcswip/media/pdf/4/1/Determinants_of_Health_and_Wellbeing.pdf
http://www.healthknowledge.org.uk/public-health-textbook/disease-causation-diagnostic/2h-principles-health-promotion/responsibilities-health-physical-mental
http://www.healthknowledge.org.uk/public-health-textbook/disease-causation-diagnostic/2h-principles-health-promotion/responsibilities-health-physical-mental
http://www.local.gov.uk/health/-/journal_content/56/10180/3511260/ARTICLE
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2690205/
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)60291-8/fulltext
http://www.who.int/about/definition/en/print.html
http://www.nwci.ie/download/pdf/determinants_health_diagram.pdf
http://www.euro.who.int/__data/assets/pdf_file/0010/74737/E89383.pdf
http://www.swansea.gov.uk/hcswip/media/pdf/4/1/Determinants_of_Health_and_Wellbeing.pdf
http://www.healthknowledge.org.uk/public-health-textbook/disease-causation-diagnostic/2h-principles-health-promotion/responsibilities-health-physical-mental
http://www.healthknowledge.org.uk/public-health-textbook/disease-causation-diagnostic/2h-principles-health-promotion/responsibilities-health-physical-mental
http://www.local.gov.uk/health/-/journal_content/56/10180/3511260/ARTICLE
http://www.local.gov.uk/health/-/journal_content/56/10180/3511260/ARTICLE
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2690205/
http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(12)60291-8/fulltext

The influerte from each of these determinants varies, but in general the health of a population depends mainly on
the combined influence of the social environment and the physical environment. (the yellow and purple in the
diagram).

YR (KIFGQa ¢ Kiedosténthartedby gas geirefopirignt.

D2012 Marcelius Air

Dominion Transmission
Hastings Extraction/

Fractionation Plant
near Pine Grove, WV

Dedicated 9-30-2003

GPS
39 32.573
-80 39.671

This is a photo of the processing phase. West Virginia, SWPA and easterasQiati as Michigamave wet gas
which requires separation of the gas from liquidadrequiring the processing plantshe infrastructue must be
taken into the cumulative account of impacts.

Air emissions as seen with special infrared cameragaertedon the bottom right. You cannot see them with
the naked eye However, wherever there is venting these emissions are present.
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COMMUNITY IMPACTS ””“”I :

traffic snd roed safety
worker safety

1

| 85
1

Gartiold County Welts Stams

housing, community cheracter, schools
crime, sexually transmitted infections and substance abuse

economic issues such as employment, velue of home

hesith infrastructure including sveilability, insurance, cost
justice concerns such as vulnersbie populstions, equality
cumulstive effects of multiple stressors

loss of viewshed, foodshed and watershed

It isimportant to recognize that potential impacts of any land use decision could be positiverareative.

In this particular land usegas developmentit is clear that the gains are often in the form of a shientm boom

for a few, but a resultant bugor the community follows.

A cornerstone of this industrialization is all the truck traffibundreds of trucks a day travel on country roads
never built for large trucks or the amount of wear and tear. Accidents are common.

Community character changesith increased rate of crime. There is also a documented increase in sexually
NI} yaYAGGiSR RAaASIaSa 6AGK GKS AyTFtdzE 2F
the top, the left graph shows police arrestsColoraddrom 2000 to 2009; top right graph shows incidence of
sexually transmitted infections from 2005 to 2009. And the lower graph shows the number of wells spudded from
1996 to 2012. As the number of wells increased, so did crime and incidence of sexually teshgmféttions.

After 2008 the number of wells (and also workers) started to decrease, and so did crime and sexually transmitted

infections.

Schools are strained because new students come and then go.

G2N)] SKA F2N) §K,;

Housingbecomes unaffordable for some of the residents when workers arrive in a community, mostly because

landlords know these new workers will pay a higher rent.

Homes with water contamination cannot be sold.

Environmental and social justice concemmslude potection of children from environmental risks, and actions to

address environmental justice in minority and liweome populations.
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The eight counties in Michigan which are slated for drilling have among the worst health outconfesooin@es.
Theseare the health rankings:Alcona 79 Alpena 74 Antrim 63 Crawford 58Kalkaska 78Viontmorency 64
Oscoda 770tsego 3'http://www.countyhealthrankings.org/app/michigan/2D4/overview N

2014 Health Outcomes - Michigan 2014 Health Factors - Michigan

Rank 1-20 Rank 21-41 W Rank 42-62 M Rank 63-82 Not Ranked | = Rank 1-20 Rank 21-41 W Rank 42-62 M Rank 63-82 Not Ranked

People already undestressfrom an underlying iliness, or poor socioeconomic status, or because they are simply
very young or very old and therefore a vulnerable population, suffer environmental impacts less well than people
who are not so stressed.

Yet, in the US3s probably in Nthigan,gas drilling frequently occurs in areas which have underserved, rural
populations and near vulnerable grpwactivities such as schools.

On the bottom right is the surface disturbance from one well being drillésla8res. Not only is there asis of
viewshed, but of foodshed and watershed.

3 http://www.countyhealthrankings.org/app/michigan/2014/overview
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*  Colborn T, et al, An Exploratory Study of Sar Oty nesr Netwrel Gas Operstions 2012
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*  Hill E, 2012 and 2013 Unconeentional Natural Gas Development and Infant Heslth [in Pennsylvania and
Colorado), b fuites googie oo vite e buinalbill i e
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v Currie etal, 2014, reported at American Economic Associstion conference, Bloombeng news report, Study
Showes Fracking ks Bad for Babies, by Mark Whitehouse, Janssry 4, 2014, Accesx st

Stz e 2 loo = b e o (R0 T 35004 At s b wnioee b o et g4 - basoma b

* Smpson I, etal, 2003 S&r quelity in the industrial Heartiand of Slberts, Caneds and potential impacts on
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*  Rachael Rewlins, 2013, Wirginie Env Low lournal, Volume 31, Planning For Fracking on the Barnett Shale-
Urban &r Pollution, improving Health Besed Regulstion, and the Role of Lol Governmenits)

Bt wrara e i cogepdomdhn 0 N7 MG T EE S 1T mrwieen - B memadd el el

' McKenzie et al, 2014 Birth Dutcomes and Maternal Residential Procamity to Natwrel Gas Development in
Rural Coloredo, Enw Health Perspectives btio ek sieiboonih go's S8E 7027

*  Hedmig D, et al, 2014 Highly Beveted Smospheric Levels of Violstille Organic Compouwnds in the Uintsh Basin,
Utsh. Enwiron. Sci. Bchool, DOE 10,102 1/ e<ADS0Er 216 200 festEaiats

Z0~=~cCcrrgpow

"  Brown etal, 2014 Understanding exposwre from naturel g=s driling puts owment sir standards to the test,
Reviews on Enw Health, oo 28,2329 foeeib-dibo 4

Total air pollution in an area of Texas which is heavily drilled, is more than double all the auto and truck exhaust.
That area has seen a recent increase in the incidence of asthma to 25%, compar#dHatha other Texas
cities

One of the first papers that found air pollutidrom gas drillingvas the greatest risk to human health wiasm
Coloradg the Health Impact Assessment which reached its second andfthen was never implementea

Ina followup to thatstudy,MacKenzidound that residents living %2 mile from wells were at greater risk for
health effectswith benzene, a carcinogeas the major contributor to the risK.

The study by Dr Colbotastyearfound 44 air pollutants at a house located about 1 kilometer away from a well
7
pad.

The National Oceanographic and Atmospheric Administration, studied an area of Utah where high ozone levels
were present during the wintegg KA OK A &4y Qi & dibdisépaiiufaRts aieemitteld inllai§ey/quantities
by the region's oil and gas drilleemydthe regulators concluded that they were the main contributors to the toxic

* Fort Worth Natural Gas Air Quality Study Final Report 2011

http://fortworthtexas.gov/uploadedFiles/Gas Wells/AirQualityStudy _final.pdf

S Witter R, et al., Battlema Mesa HIA 201 http:/Avww.garfield-county.com/environmentahealth/battlementmesahealth
impactassessmentiraft2.aspx

6 McKenzid M, et al., Human Health Risk Assessment of Air Emissions from Development of Unconventional Natural
GasResources 2012tp://www.ncbi.nlm.nih.gov/pubmed/22444058

"Colborn T, et al., An Explooay Study of Air Quality near Natural Gas Operations 2012
http://fendocrinedisruption.org/chemicaln-naturatgasoperations/airpollution
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emissionsOzone can trigger asthma attacks and inflame conditions for people with bron@hiihysema and
other respiratory ailments.

Children are especially vulnerable because their lungs continue to grow and enlarge until about age 18. Plus they
breathe faster and are closer to the groun@heresult of chronic ozone exposure can be brittiads like those of
an elderly adult.

Air pollution has also been shown to be associated with neurodevelopmental disorders, lower 1Q in babies born to
mothers with polycyclic aromatic hydrocarbon exposure during pregnamay learning disorders in exposed
children.Much of this work has been done by Perera at Columbia Univ and Landrigan at Mt Sinai in NYC.

A study in 2010 compared residential proximity to a freeway with the incidence of autism, and found that for those
living within 300 meters of the freeay during the third trimester, the odds ratio of being born with autism was
more than twice as great as contrdls.

Low birth weight infants and prematurity present a major and increasing probAanpediatriciansve know that
these babies arsusceptible to a host of problems including respiratory complicativissial problemsnd
developmental disorders, such as cerebral palsy and authsmal there isevidence that gestational age is affected
by environmental exposures.

Elaine Hilstudiedbirth outcomes She found that proximity to wells increases the prevalence of low birth weight
and premature birth™®

.dZAf RAY3 2y |1 AffQa aiddRRez / dzNNRS f221S8R i tSyyaet gl yal
2.5kilometer radiusof gasdrillingsitesX @ 6 i 0 KS& F2dzy R GKFG LINPEAYAGE (2 FNI O/
birth weight by more than half, from about 5.6 percent to more than 9 percent. The chances of a low Apgar score,

a summary measure of the health of newbornfclR NSy = NR dzZAKf & R2dzof SRZ (2 Y2NB| (K

Although the evidence is just emerging for an association between air pollution and low birth weight, birth defects
and neurodevelopmental problems, there is clearly an overall trend of association. firidiegs demonstrate

the need for additional studies as the public health implications of increasing the numbers of premature and low
birth weight babies, as well as children with autism and birth defects, are enormous. In addition to the public
health prdblems, there is the cost to the government and the taxpayer. A child disabled becgusyefitable
environmental exposure is not only a tragedy for the family, but a sigmificost for the state.

The World Health Organization has classified diesehaghas a definite carcinogen, raising additional concerns for
workers and other vulnerable groups exposed to diesel exh&ust.

In the study from the Univ of California at Irvihgesearchers working in the Alberta gas and oil fields found that,
oX at the county level, the incidence of male hematopoietic cancers (leukemia anélodgkirQ lgmphoma) was
higher in communities closest to the Industrial Heartland compared to neighboring counties.

8 NOAA ozone studyttp:/www.eenews.net/public/Landletter/2011/04/21/1

°Volk, HE, et al. (2011) Residential Proximity to Freeways and Autism in the CHARGE study. Environmental Health Perspectives
19(6):8737.

9Hill E, 2012 and 2013 Unconventional Natural Gas Development and Infant Health (in Pennsylvania and
Colorado) https://sites.google.com/site/elainelhill/research

1 |ARC: Diesel Exhaustr€@aogenic 2012http://www.iarc.fr/len/media-centre/pr/2012/pdfs/pr213 E.pdf
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Thereport by the University of Pittsburgh School oblftci Health documented significantly increased air pollutant
levels associated with adverse health stitis insouthwest Pennsylvaniahere shale gas extraction and other
infrastructure are under accelerated developméﬁt.

Also at the end of 2013, in thérginia Environmental Law Journal, Rachel Rawlins of the Univ of Texas wrote
aboutair pollutants in the Barnett Shale, confirming the significant air pollution others have suspected, and
documenting an increase of childhood asthma as well as childread@mias-*

A study publisheéh 2014by the Colorado School of Public Hedlfinked congenital birth defects ith gas
drilling: they found arincrease in congenital heart disease in babies whose mothers lived in the most exposed
tertile anda higher prealence of neural tube defects in the highest exposure tertile

In the March 2014Utahstudy, the authors conducted observations of VOCs from the Uintah Basin in Utah. Their
measurements identified highly elevated levels of atmospheric alkane hydrocafgitdsup of ozone and

aromatic compounds benzene and toluene, considered air toxics, alsoelevated. There was strong causal

link between oil and gas emissions, accumulation of air toxics, and significant surface production in the
atmospheric suiace layer®

Also just published is a review by David Brown and his colleagues atGWPA X i KS& KI @S &aSSy Yi NB
impacted by gas drilling operations than any other grotipey note thahuman health risks near gas development

sites are derived fnm average population risks without adequate attention to the proesssf toxicity in the body.

They reportthat current methods of collecting emissions data, as well as the analyses of these data, are not

sufficient for accurately assessing risksndividuals or protecting the health of those near gas development

sites’

Recently | met several families from West Virginia smahwest Pennsylvania. One family with four children was

living near gas wells arggveralcompressor statioa Numerousair toxins were documented around their home.

h@SN) 6KS O2dzNBES 2F GKS LI ad @8SHENE GKS 028aQ 0SKIFGA2N) R
requiring treatment with antiseizure medication. The adults in the family developed anxiety and dgpreslso

requiring medication. A teenage daughter was found to have suffered a mild stroke. All of these neurological

problems could be associated with air pollution. No State or federal public health aigepsyigated A legal

complaint was filed ad because they had a good case, they have now enterediintm-disclosure agreement

andcan no longer speak about their case. And their information will never beoparty sort of state or national
databasebecause of the nowlisclosure agreement.

12 Simpson | et al, Air quality in the Industrial Heartland of Alberta, Canada and potential impacts on human health 2013
http://concernedhealthny.org/wpcontent/uploads/2013/07/Simpson201-2Ein-press.pdf

3 Univ of Pittsburgh 201Bttp:/fortworthtexas.gov/uploadedFiles/Gas_Wells/AirQualityStudy_final.pdf

“Rachael Rwlins, 2013, Virginia Env Law Journal, Volume 31, Planning For Fracking on the Barnett Shale: Urban
Air Pollution, Improving Health Based Regulation, and the Role of Local Governments)
http://www.velj.org/uploads/1/2/7/0/12706894/2._rawlins- barnett shale.pdf

> McKenzie et ahttp://ehp.niehs.nih.qov/1306722/

®Helmig D, et al, 2014 Highly Elevated Atmosphenelsenf Volatile Organic Compounds in the Uintah Basin,

Utah. Environ. Sci. Technol., DOI: 10.1021/es405QU561021/es95046r

Y Brown D et al, 201http://www.degruyter.com/view/j/reveh.aheadof-print/reveh-20140002/revei20140002.xml
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Studies of the past quarter century indicate exposure to H2S, even in tiny amounts, can cause permanent damage

to the brain and central nervous system.

Dr. Marvin Legator of the Universitf Texas Medical Branch notéstudies have documented that H28uses
persistent toxic effects aftechronic lowlevel exposure.]'8 Also presenting research at the conference was Dr.
Kaye KilburnProfessor of Medicine at thdniversity of Southern California, Environmental Sciehed®ratory.

He concluded thafi | RN Y

adzZ FARS

L2Aaz2ya

iKS

O NEINADY YIAY R diNB/R AR 12Y 7132

studiesfind that "Brief exposures to H2S are neurotoxic, effects are pergissed exposures to low doseppear

Odzy dzf PG A OS¢

Workers have died as a result of exposto hydrogen sulfide gas, and one exampla y®ung man fronRifle,

Colorado. Before he died of liver and pancreatic cancer, he described the work he did cleaning out tanks. The
company was guilty of violations and fined for exposing this worker to the toxic hydrogen sulfide. Another worker
also exposed descridesevere headaches, eye problems, difficulty breathing and talking after exposure to this

toxic gas.

Hydrogen sulfide was eliminated from the Clean Air Act (CAA) list of extremely hazardous substances by powerful

last minute oil and gas lobbying

'8 Alexander, Jeff. The Sunday Muskegon Chronicle, Gas exploration may affect health, 12/7/97.

'® Editorial, The Muskegon Chronicle, Sour Gas Risks Should Merit a New Evaluation, 12/21/97

®Kilburn, Kaye, MD, The American Journal of the Medical SciencesR&gasrt: Profound

Neurobehavioral Deficits in an Oil Field Worker Overcome by Hydrogen Sulfide, 1993, (304).

And Kilburn, Kaye H. MD, Southern Medical Journal, Vol. 90, Number 10, Exposure to Reduced Sulfur Gases

Impairs Neurobehavioral Function, 19970041005).
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Therefae, H2S is regulated by states, and each state regulates toxins such as hydrogen sulfide diffarently.
Michigan, there are to be warning signs placed at the site and there is supposed to bdilale atarning with any
release.

But residents near gasitling sites receive little or no warning. In the top left picture, the yellow flag at the drill
site announces that poisonous H2S gas may be present.

On the bottomleft is a sulfur removal planthe process for removing hydrogen sulfide from sour geslied
'sweetening' the gas.

The mapon the bottomrighta K2 6 & g KSNBE (GKS adaz2dzNJ 31 &¢ NMidigaeNE Y2ald 2 T4

The Ban Michigan Fracking site has links to some gielkeereviewedwork done on the H2S issudoy people like
Lana Skrtid;, @ KAGS LI LISNI NBLER2NI o6& 5yl {OKAYRfSNE Fa 6Stf I

N,

In his 2003 paper, Dr Kilburn observed that impairments associated wthwére similar in 19 workers (44% had
been unconscious) and in 16 bystanders who had not been uncossciou

On Christmas eve, 2011, a rottegg odor could be smelled across northern Michigan, according to news reports.

Hydrogen Sulfide gas was detected from a gas release near Grayling and in towns far north of that, as far as the
Mackinac BridgeA failed \alve at a well in Beaver Creek Township, Crawford County, was cited as the cause of the

leak.¢ KS ¢ Sf bpokesimArsidna a2 S | L2t 23A1 S AT yeoz2Reée g+a |fFNISR
RFY3aSNXY oLG ¢ &adweverdn KayelKilbm, PRfessor & Médidise at the University of Southern
Californiadisagreed, sayingthat | @ RN23Sy adzZ FARS LlAazya (GKS ONIAYy | yR (
RFY3aSNRdza Fyeée GAYS e2dz Oy aYStt Aloé

Additional H2S references:

http://erg.berkeley.edu/people/Lana%20Skrtic%20Masters%20Paper%20H2S%20and%20Healthljadlia
Skrtic

http:// www.un-naturalgas.org/MichiganRepottlydrogenSulfideReleases.pddana Schindler

http:// journals.lww.com/smajournalonline/Abstract/2003/07000/Effects _of Hydrogen Sulfide on Neurobehavio
ral.3.aspx Kaye Kilburn

http:// www.businessinsider.com/youwveeverseenanythinglike-the-williston-oil-boom-2012
3?0p=1#ixzz2bj922pEm@nd

http://banmichiganfracking.org/Mm=201112

http://www.michigan.gov/deqg/0,1607,71353311 4111 423B162-,00.html#2. Wiat_are the effect8

2 http://banmichiganfracking.org/?m=201112#sthash.8xKaDc3S.dpuf
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http://erg.berkeley.edu/people/Lana%20Skrtic%20-%20Masters%20Paper%20H2S%20and%20Health.pdf
http://erg.berkeley.edu/people/Lana%20Skrtic%20-%20Masters%20Paper%20H2S%20and%20Health.pdf
http://www.un-naturalgas.org/MichiganReport-HydrogenSulfideReleases.pdf
http://www.un-naturalgas.org/MichiganReport-HydrogenSulfideReleases.pdf
http://journals.lww.com/smajournalonline/Abstract/2003/07000/Effects_of_Hydrogen_Sulfide_on_Neurobehavioral.3.aspx
http://journals.lww.com/smajournalonline/Abstract/2003/07000/Effects_of_Hydrogen_Sulfide_on_Neurobehavioral.3.aspx
http://journals.lww.com/smajournalonline/Abstract/2003/07000/Effects_of_Hydrogen_Sulfide_on_Neurobehavioral.3.aspx
http://www.businessinsider.com/youve-never-seen-anything-like-the-williston-oil-boom-2012-3?op=1
http://www.businessinsider.com/youve-never-seen-anything-like-the-williston-oil-boom-2012-3?op=1
http://www.businessinsider.com/youve-never-seen-anything-like-the-williston-oil-boom-2012-3?op=1
http://www.businessinsider.com/youve-never-seen-anything-like-the-williston-oil-boom-2012-3?op=1
http://banmichiganfracking.org/?m=201112
http://banmichiganfracking.org/?m=201112
http://www.michigan.gov/deq/0,1607,7-135-3311_4111_4231-9162--,00.html#2._What_are_the_effects
http://banmichiganfracking.org/?m=201112#sthash.8xKaDc3S.dpuf

* Amy MaE—NRDC 2011-12

Bt sitchbosrd nréc.orz/slozs/smallfincdents whare WATER CONTAM|NATION

rachtm

* Methane migration—2011 Dux

nttp:/www biolozy. duke adujackson/p

How Gas Drilling Could Spoil Your Drinidag Water

2011 b

* Brine migration—-2012 Dex
bttp /' www pnes.org/content
oo fullpal

siStatePotytech
012/07/03/11211311

* Bamberger and Oswald--2012 New Solutions
nttpe/ www psehesithyenergy org/impacts of Gas Drilling
on _Humsn and Amima! Hesith

* Incressed strey ges sbundance in weter wells near
Marcelius shale weliz—2013 Duke, U of Rochester,
CaiStatePolytech =X Planck instrtute
nttp/www pnas org/content/110/22/11250 fullpaf

* Incressed total dissolved sofids and heavy metails in
groundweter near Texes gas drilling sites—2013 Uaiv
of Texas bttp//pubs acs org/dol/paf/10.1021 /es 2011724

* Beveted levels of redicectivity, saits and metais
were found in river weter and sediments st & site
where trested water from od end ges operations

= - o - 3 - saciicray’caals~ality o gm-S=lgosrascos
= discharged into & western Pennsylvenie creek. A sominsicn of Siccmbog L7 Copyaghts 2018 Al
2013, Duke Univ
http/ fwerw micholss Suke edu/news/radioactives hale-
gas-contamunants-found-st-wastewster-decharge-site

dence pointsto ¢

* Estrogen and Androgen Receptor Activities of
Hydraulic Fracturing Chemicels and Surface and - a0 BT BIA BRIy AT INE A RN d 5
Ground Weter in & Driling-Denze Region—2014
Univ of Aissouri http://dx goi.org/10.1210/en 2013-1697

A range of peereviewed studies have already demonstratibet water contaminationoccurs as a result of gas
development For instancein a 2011 paper on methane migration, Jackson, &t falund evidence that aquifers
overlying the Marcellus shale formations have explosive levels of methane contamination in drinking water and
this was associated with shale gas extraction. A study a year later further documented methane mf@ration.
Methaneis a problem for humans because it displaces oxygen and breathing becomes difficult. People in
Pennsylvania have lost consciousness in their horiresther cases methane accumulated in the home has
caused explosion%.

A 2013 University of Missouri Schad Medicine study links fracking with dangerous hormaligrupting

chemicals in the water near frackingsftt’s 6 KAt S | Hnamo ! YyAOSNEAGE 2F ¢SEI &
are elevated levels of arsenic and other heavy metals closetonaluralg SEG N} OliA2y aAriSaé¢ Ay
that the compounds could end up in drinking wafér

22011 Duke studiattp://www .biology.duke.edu/jackson/pnas2011.html

22012 Duke and CalStatePolyteutp:// www.pnas.orgtontent/early/2012/07/03/1121181109.full.pdf

*Increased stray gas abundance in water wells near Marcellus shale gas 23 Duke, U of Rochester, Cal
StatePolytecnic and Max Planck Institutettp://www.pnas.org/content/110/28/11250.full.pdf

% Nagel et al, Estrogen and Androgen Receptor Activities of Hydraulic Fracturing Chemicals and Surface and Ground Water in a
DrillingDense Rgion. Endocrinology 20Mttp://dx.doi.org/10.1210/en.20131697

% Schug, 2013. Environ. Sci. Technol., 2013, 47 (17), pp (TIBD

DOI: 10.1021/es401172Mttp://pubs.acs.org/doi/abs/10.1021/es4011724
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http://www.pnas.org/content/early/2012/07/03/1121181109.full.pdf
http://www.pnas.org/content/110/28/11250.full.pdf
http://dx.doi.org/10.1210/en.2013-1697
http://pubs.acs.org/doi/abs/10.1021/es4011724

The 2013 paper from Duke reported elevatedlevels of radioactivity, salts andetals foundin river water
andsediments at a site where treatedlater from oil andgas operations idischargednto a western Pennsylvania
creek®’

Michelle Bamberger and Robert Oswald researched several cases where chemicals associated with drilling were
implicated in negative health outcomé% They focused mostly on animals because animals are the sentinels of
disease in humans due to the fact that their reproductive cycles and their lives are shorter. Their study illustrates
several plausible links between gas drilling and negative heakictsff

Two cases provided inadvertent control experiments since herds of cows were kept in different pastures. In brief,
cows exposed to gas drilling chemicals had significantly more illness, deaths, stillbirths and congenital
malformations.

Two other cass involved deaths and congenital malformations of companion anifpats)and one of the
implicated routes of exposure was waste spreading on roads, which the animals either drank or licked off their
paws; in the other case, exposure was from an aeratggbundment of waste. In addition, their water had turned
after drilling but they had continued to use it.

In one of the homes studied, a child became ill with fatigue, confusion, abdominal pain and back pain. After
several animals in the household hdigd, the doctor became suspicious of toxins, and testing revealed arsenic in
the child. The familthen stopped drinking the wategnd the child eventually recovered, having lost a year of

school. In these cases, there were 25 wells within two miléseohomes, and there was also the aerated
impoundment, and two compressor stations within a mile. While checking for other toxins in these two homes,
random urine tests on family members revealed phenol, a metabolite of benzene; symptoms observedlieg fami

in both homes included extreme fatigue, headaches, nosebleeds, rashes, and sensory deficits (smell and hearing).
Were it not for the deaths of the animals, the human health effects would not have been found.

The graphic on the right shows potentgds and fluid movement pathways and how connections can be made
from formation layers to aquifers, underground structures and the surface.

[ aAY3 Aa Iy AyOK ROND &2 YEKIMONS®E  FLf G B35 Ry yaBingR 2 Say Qi (-1
immediaSt &8 FFrAfZ FyR GKSNEBa + cmw: FrLAfdzNB Ay on &SI NEd

" Duke, 2013http://www.nicholas.duke.edu/news/radioactivehalegascontaminantsfound-at-wastewaterdischargesite

2 Bamberger and Oswald2012 New Solutions

http://www.psehealthyenergy.org/Impacts_of Gas Drilling_on_Humamd a&nimal_Health

#PryikKzye LYaNFrFTFSHE WCtdzAR aAdNldAz2y aSOKEyAavya 5dz8 ¢2 CF & (.
ONHZFFLEGG2 SG FfdY WhAftFASEIR wSOASHQY /2y202t KAfEALA g { OK| dzvy
nttp://www.psehealthyenergy.org/data/PSE__Cement_Failure_Causes_and_Rate_Analaysis Jan 2013 Ingraffeal.pdf
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«examples from other states
Example—-BRADFORD COUNTY, PA reported in 2014 by Kevin Begos

oz [srtice/some-states-

Pennsylvanis regulstors determined that gas

development demeged the water supplies for =t

least 161 Pennsylvanis homes, farms, churches and

businesses between 2008 and the fall of 2012
Nttp//thetimastribune com/news/sunday-times-reviea-of- For Michigan, view Dr. Chris Grobell-April
. ng-records-revesis-water-demage-muriy-testing- 2012 Environmental Risks of Michigan 0il
;"L’;w and Gas Development
e nttp//benmichigantracking org/”)
Suswiyn.dpef

e 33=3398sthash W

This is the infrastructure for the gas drilling activities in Bradford County Pennsylathier. than the roads and
township boundaries,wery mark on the map includes something that was not therelefas exploitation.
A today there are 1125 gas wells in Bradford Countyy R | £ 24 2F LINRPof SY&aX

In an investigative report in May 2013, Pennsylvania State environmental regulators determined that oil and gas
development damaged the water supplies folleast 161 Pennsylvania homes, farms, churches and busin&sses.

An Associated Press investigation similadgfirmed many cass of water contaminatioim four states they
SEFYAYSR: y2iAy3a GKFEG GKAa OFada aRFPdoid 2y OGEKSE AyF dza

If you click on the link in #hEarthjustice boslide, you will see reports @bntaminateddrinking water, polluted
air, unexplainedanimal deaths, industrial disasters and explosidhs.

A leak at a 100@oot-deep gas well drilled in Michigan's northwestern Lower Peninsula using fracking caused a
shutdown of operations in February of 20bé&cause of a leakAnd | refer pu toDr GrolbelQd LINBaASy i+ GA 2y ¢
he has listed severaldditionalcases of failed gas well&!

i http://thetimes-tribune.com/news/sundastimes-review-of-dep-drilling-recordsrevealswater-damagemurky-testing
methods1.1491547

32 hitp://bigstory.ap.org/article/somestatesconfirm-water-pollution-drilling

33 http://earthjustice.org/features/campaigns/frackingcrossthe-united-states

% http:/banmichiganfracking.org/?page id=339#sthash.WSU@xiguf
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http://www.usatoday.com/story/money/business/2014/01/05/some-states-confirm-water-pollution-from-drilling/4328859/
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://thetimes-tribune.com/news/sunday-times-review-of-dep-drilling-records-reveals-water-damage-murky-testing-methods-1.1491547
http://bigstory.ap.org/article/some-states-confirm-water-pollution-drilling
http://earthjustice.org/features/campaigns/fracking-across-the-united-states
http://banmichiganfracking.org/?page_id=339#sthash.WSU9xiyn.dpuf

CHEMICAL MIX

~“i= considered proprietary

oflutants

~“includes known or suspec
~“many of the chemicals in the:

urotoxins, hazardous sér pe

ses, and children and pregnant women should not be

.0

exposed to some at oll.

e
STUPLOTS Attp//www srdocasedanption com/fla/GnMecicaptP w prntiorve b1 2-3

* A University of Missouri School of Medicine study linked fracking with dengerous hormone-disrupting

8
chemicals in the weter neer gas drling  sites, including the Colorado River bas-//dedoi og/16.3230 /0220332697
- n this recent study of & n was observed between density end proximity of netursl gas

wells within & 10-mie ra ce and prevelence of congenital heart defects and possibly

neursi tube defects. Environmental Heglth Perspectives btis-f/ebs sinba sk gou/3 306722/

Some of the chemicals wsed ia gas drilling and
hydraulic fracturing that are toxic to human hesith:

Tere (KO Caronogen |

EtryDenzene

Touene (causes miscarniages, placents pre

i

SScommmeonty o8

The case for the picturen the right was described Bamberger and Oswald in their papethe deaths of 17
cows within one hour from exposure to hydraulic fracturing fliMdhat do we know about the chemicals which
are so toxic that they can kill cattle?

Not much because the gas industry call& S F2 N dzf A2y ad GLINRPLINRSGI NBE D

In fact, a doctocannot obtain the chemical blend in the case of an emergency, as happened in the case of a nurse
in Colorado who treated a worker with a chemical spill on his clothing. He was OK, she almost died from multiple
organ failure and during the time she wagl intensive care unit, her doctor could not obtain the name of the
chemicasthat spilled.

Dr Theo Colborn of Colorado has studied these chemigaisording to Dr Colborn, 47% of the products can affect
the endocrine system. And thesadocrine disruprs have an impact at minute dosed’

The University of Missouri School of Medicine study also linked gas drilling with dangerous halisropéng
chemicals in the water near gas drilling sitle€olorado®

Here is a very short list of toxinghere are many more.

One of these, Butoxyethanol (2BE) (a known carcinogen), is a solvent that, at very low doses (as low as 0.02
parts per million) affects the endocrine system and which caassadrenal, kidneyand liver tumors, blood

35 hitp://www.endocrinedisruption.com/files/GasManuscriptPreprintforweb521 1. pdf
% http://dx.doi.org/10.1210/en.20131697
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dyscrasias and other health problefld. & A a dzaSR GKNRdzAK2dzi GKS 6K2fS tAF5 O
and in the waste. It is also the active ingredient in Corexit, the dispersant used in both the Exxon Valdez and B
disasters.

Benzene primarily affects the central nervous system (CNS) and the hematopoietic system, resulting in anemia and
leukemia.

Tolueneisa risk for pregnancy, and developmental delays and neurobehavioral difficulties are higher for the
childrenof women who were exposed to high concentrations of organic solvents during pregnancy.

A study just done in Coloradimks congenital birth defects with gas drillif§

Three years ago | spoke to a group of people on Paradise Road in Wyalusing PAiwBcdi®rd County. The

residents in this area all had water buffalos on their lalvasause their water had been contaminated by gas

wells also on their property. The woman who hosted the meeting was pregnant, and the baby was born with a

heart defect. At that point we did not know that there might be an association between birth problems and gas

wells.Lli Aa y23G OftSIFN gKIF{ OF dza S Ro pilitkicihaalthCagehdy Ra@ spokenSdteFe RS F S C
people. And there still is no monitog or surveillance in place, neither in PA or any other state.

WASTE

* hazardous with current disposal methods et ssic oqfenegyfuciiog wmn ewetes. neSecesd s
md =z Carara ataagma =l masu e GE0 1 1 gt ws o st lau—a e mete e e e
e e T e LR [ S e TR l'L1 1||=- e e T T T e e T T e Tl b ey :-I:hll-l'r:l.'t
nn‘l.l-:ll:hi.l:{lrfl =i =in vt i | Soow-a

= waste contains radicactive elements, brineand gases
=tz arara gmaemot mie s gl ss e et i mmd Sz lererw goacmot i mdz s g e e e o me s

»  exempt from federal oversight ittps)'wrere.eps gov)'csw) nonites induestrisl specslsill sikges.p 4f

= |n 2012, local Michigan activists reported months of road sp raying with flowback
btz b higeerieciing cog i =aG8d  wmd  bitecl bemeachigeeriecking oo e =342

*  Radioactive Waste Dumped by Oil Companies |5 5eeping out of the Ground inMorth
Da kﬂta_. D e B R o B T e L O L o Ll D W W T T mreaty Ml o B et e s o
S wesdnl

*  Duke study, 2013 Impacts of Shale Gas Wastewater Disposal on Water Quality in Western
Pennsylvania used isotope hydrology to connect shale gas waste, treatment sites and
discharge into drinking water supplies; Bevoted levels of rodiooctivity, solts ond metols howe besn
found in river woter ond sediments ot @ site where trerted waoter from ol ond gos openmions

is dischorged into o western Pennsphsonio cresk Esvirommestal Soenos B Tedamology.
It p e niichalas duke gy neees) red iosctive-s hislegas-c ontaminants-foun d-stwsstewstar-discharge-site

= lulie Weatherington-Rice PhD, 2013 presentation mttp))yowb be 0Kz Iyrods

= Brown V1. 2014, Radionuclides in fracking wastewatern managing a toxic blend.
Environ Health Pespect 122850 55; b ide S0 cog /10 3280 ek 1005810

1=

¥ http://endocrinedisruption.org/assets/media/documents/cP02591Colborn20021022coalbedmethBREED mmmerd. pdf
and http://www.atsdr.cdc.gov/ToxProfiles/tp1182.pdf and http://www.nchi.nlm.nih.gov/pubmed/9878593and
http://pubchem.nchi.nim.nih.gov/summary/summary.cqi?cid=8133

8 http://ehp.niehs.nih.qov/1306722/
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http://endocrinedisruption.org/assets/media/documents/cP02591Colborn20021022coalbedmethane2-BEcommments.pdf
http://www.atsdr.cdc.gov/ToxProfiles/tp118-c2.pdf
http://www.ncbi.nlm.nih.gov/pubmed/9878593
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=8133
http://ehp.niehs.nih.gov/1306722/

Inthewaste iISEGNBYSt & &l f (-80X theSdbkity 6f¢ha sedlhe shialé waa & segmillions of years
ago.

Also brought up are naturally occurringlatile organic hydroctmonssuch as benzene, ethylene, toluene, and
xylene, as well as radionuclidefich cause cancer, reproductive problems and neurological issues.

Shales, more than any other kind of rock, trap heavy metals such as lead, arsenic, barium, strontium, and
chromium. And when shale is fracked, these heavy metals are released and brought to the surface with the gas
and produced fluids.

In the presentation by Dr. Julie WeatheringtRice of Ohipshespeaks ofadioactivity in fracking waste. Skays
that for proper assessmerdf Radium a minimumwaiting period of 21 dayis required That is not usually done.

Currently, hewastedisposal is viaunderground injection wellévhich cause earthquakesd which Michigan
allows), on soil farms, road spreadin@sde-icers and dust contrdl and dispered into streams and rivers via
waste treatment plants.

In the summer of 2012, Michigan activists unearthed some disturibiiogmation-- Encanahad sprayed a

significant portion of it§lowbackwater onto roadsmore than 40,000 gallors 2 NJ & R dzi And Daay/ddieR f ¢ @
legally with a permit from the DE@ne of the chemicals that the DEQdsia in the flowback watewasan acid
inhibitor and te safety data sheettatedA i A & & SE LJ 2 & A @ SThe ircidehtavasyhgesrgated jyR  F I | f
the activists oBan Michigan Fracking'hey also found radium at levels in the thousands; the acceptable radium
concentration in water is 5pCi/L. This was called to the attertioDEQ, and there was no response.

(Thereporton radium 226 and 22&asfrom a sample taken at the wellhead of ExcelsidB1showing levels of 23%nd
2221pCi/LrespectivelyTogetherthat is 4615 pCi/L, almost a thousand times tBBA's maximum allable level for drinking
water of5 pCi/L.)

A hazardous with current disposal methodistp :// www.nrdc.org/energy/frackingvastewater.asp#sec
update andhttp:// www.shalegas.energy.gov/resources/060211 earthworks petroleumexemptions.pdf
andhttp://www.dcbureau.org/201308148881/naturalesourcesnewsservice/newyork-imports-
pennsylvaniasadioactivefrackingwaste despitefalsifiedwater-tests.html#more8881

A waste contains radioactive elements, brine and gases
http:// www.grassrootsinfo.org/pdf/radioactivewaste.pdand
http:// www.grassrootsinfo.org/df/whitereport.pdf

A exempt from federal oversighhttp:/ www.epa.gov/osw/nonhaz/industrial/spzal/oil/oil-gas.pdf

A In 2012, local Michigan activists reported months of road spraying with flowback
http://banmichiganfracking.org/?p=1082nd http://banmichiganfracking.org/@=1423

A Radioactive Waste Dumped by Oil Companies Is Seeping out of the Ground in North Dakota,
http://www.globalpossibilities.org/radioactivevastedumpedby-oil-companiess-seepingout-of-the-
groundin-north-dakota

A Duke study, 2013 Impacts of Shale Gas Wastewater Disposal on Water Quality in Western Pennsylvania
used isotope hydrology to connect shale gas waste, treatment sites and disdhiargeinking water
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http://www.grassrootsinfo.org/pdf/whitereport.pdf
http://www.epa.gov/osw/nonhaz/industrial/special/oil/oil-gas.pdf
http://www.epa.gov/osw/nonhaz/industrial/special/oil/oil-gas.pdf
http://banmichiganfracking.org/?p=1082
http://banmichiganfracking.org/?p=1423
http://banmichiganfracking.org/?p=1423
http://www.globalpossibilities.org/radioactive-waste-dumped-by-oil-companies-is-seeping-out-of-the-ground-in-north-dakota/
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http://www.globalpossibilities.org/radioactive-waste-dumped-by-oil-companies-is-seeping-out-of-the-ground-in-north-dakota/

supplies;Elevatedevels of radioactivity, salts andetals have been founih river water andsediments at
a site where treatedvater from oil andgas operations idischargednto a western Pennsylvania

creek Environmental Science €echnologyhttp:// www.nicholas.duke.edu/news/radioactivehalegas
contaminantsfound-at-wastewaterdischargesite

A Julie WeatheringtofRice PhD, 2013 presentatititp:// youtu.be/0K2V3yrcd2l

A Brown VJ. 2014. Radionuclides in fracking wastewater: managing a toxic blend. Environ Health
Perspect 122:A5A55;http:// dx.doi.org/10.1289/ehp.12A50

DUNKARD CREEK
an ecological system disaster

September, 2009
Dunkard Creek became an ecological disaster,
with every fiving aquatic cresture in the stream
iGled

Dunkard Creek fish kill

>

Spilis of fuel and waste fiuids, legel and Slegal dumping,

ST “.“,0 . meterial handling errors, operstor emrors, cesing fallures,
é‘.‘.}- E “ en overcapecity injection well, two interconnected coel
~ - mines with pzmvtz to dump into the Creek, workers in
- one of the mines threstened by rising ceustic weters,
— - ¥ several gas wells fractured in the aree, many
. unconventionel (hydrsulically fractured) ges wells north
E ': of Dunkard Creek with thousands of gelions of very saity
P weste fiuids to dispose of — all added up to transforming

Dunkard Creek from & fresh weter efive ecosystemtos
deed s2fine sea_40 mies of Dunkerd Creek and
161 zpecies —died.

In September 2009 | was just beginning to learn about gas drillitpadlinethat made a impression on me was

the Dunkard Creek kill. Spills of fuel and waste flfid§, 3 £ 'y R At f S3AFf RdzYLAyYy3IZ YI {SNJ
G2 LISNI (2 NJ SNNE NXovekapéritydnjesfigh wéltdNiNecdidect®d coal/mines with permits to

dump into the Creek, several gas wells fractured in the ardthousands of gallons of very salty waste fluids to

disposeof-I £ £ | RRSR dzLJ (2 OGN} YyaATF2NX¥YAYy3I 5dzy 1 NR / NBS]1 FNR| |
milesof creekand 161 speciedrom mussels to minnows and muskiedied.

There is still delki® about the exact cause

What scientists could say definitively about the fish kill is thate wasa swift increase in "total dissolved solids,"
(TDS, creating the conditions for a bloom of toxic golden algae. TDS can be caused by both coal magedxad
waste brine from Marcellus Shale gas drilling operations.
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The graphic on the top right is of an injection well which you can see is very much like a gas well. Some injection
wells actually are old gas wells which are no longer producingr sfteiing a permit, thegaswell can become

an injection well. And just like failures with gas wells, because they aremade materials metal and cement

they can fail. In this graphic you can see the mechanism of failure.

6-7% of all well casings fainmediately.

A 2003 industry publication from Schlumberger, the world's No. 1 fracking company, and oil and gas giant
ConocoPhillips, cited failure rates of 60 percent over & span.

Of note is that this ecosystem kill was due to lax regulationgaste and poor enforcement, and also of interest is
that the injection well near the creek was at over capaaity likely contributed to the Kkill.

FAULTS in MICHIGAN

* Deep wellinjection is a method of
Y Squid hezardous and non-hezard,
| weste disposal epproved by the EPA

REED S Www.0sti 20w/ scrtech Dl 8265063
7 +

Michigen currently hes more than
1,500 Bcensed Class H [(odl and ges
weste) deep injection wells

There are fsults in Michigan

Earthquakes occurin Michigan
References:

v Unn. ADVANCED
CHARACTERIZATION OF FRACTURED
RESERVOIRS IN SHALLOW SHELF
CARBONATE ROCKS: THE MICHIGAN BASIN
Final Report December 2002
nttowwwzeo mtu edu/svifzeoscisnce/

Fr—r— "T"T"\ b - 2], Christopher. Deep Wel injects
| | A Position Paper. September 2019
R J ope - -
S g ‘—-—‘—_' _“ I — -/ /osnmichizarfracking orz/?pase 3=3
33&sthach Amu031i0.douf

UNDERGROUND |NJECTION WELLS

I\a~~'-~-..d-t—-—u-.-\&~-i-. l

nttp://esrthgusietrack com/o/united-
states/michizan/recent

Althoughit has a relatively low seismic hazard riglichigan has experienced several earthquakes, st recent

would have beerin June 2010. The quake started in Canada and was felt through the eastern region of Michigan.
According to the USGS, the last earthquake originating within Michigan occurred in September 1994 and registered
at a magnitude of &. The western region of Michigan experienced a 4.8 back in 1947.
http://earthquake.usgs.gov/earthquakes/states/michigan/hazards.php



http://earthquake.usgs.gov/earthquakes/states/michigan/hazards.php

We know that theMichigan Basin is ifact extensively faulted and fractured, particularly in the central portion of
the basin. This is in contrast to most of theeviousreferenceson the Michigan Basin, which tends to show few or
minor faults. Most fault lines in Michigan run in a northwest to northeast patférn.

And we know that there is a relationship between the faults and a number of gas and oil reservoirs.

Chris Grobbeef f  dzasidé fiomivelldailure and injectate encountering an unplugged or improperly plugged
deep well, the potential for upward migration along a naturally occurring fault is considered the most serious
threat to losing waste confinement within a ewoir formationg*

EARTHQUAKES and UNDERGROUND INJECTION WELLS WASTE

* Disposal in underground injection wells can, and hes aaused earthquekes.  Kztie M. Kercnen,
Hecther M. Scvoge, ond Geoffrey A Abers et !, “Potentidly Induced Earthquoies in Oklchomg
USA: Links between Wastewoter Injection ond the 2011 Mw 5.7 Ecrthqucke Sequencs,” Geology
vol 41, no. 3 March 2§ 2013)
http:/f=eclozy=sapubs orz/contentfearly/2013 05 2 §G34045.1 sbetact and
http-wwanideo columbia edu/news-svents fwastewster-iniaction-spurred-bizzest-
earthguake-yet-says-study and [fstateimpact.nprorgtexas ta=fesrthguaks

‘The petroleum industry needs clear requirements for operation, regulators must heve 2 soid
scientific besis for those requirements, snd the public needs assurance thet the regulations
are sufficient and are being falowed ™ from Injection-Induced Earthquoles by William L
Blsworth. Science 12July 2013 1225842 [DOL101126/5cence.1225982]
httpwweciencemas orzfcontent/341 /614 2/1 22 5542 sbstact?sic=505d33 25-6905-452 -
bE2E-37b2Be746626

“The fluids (in wasteweter injection welis)are driving the feults to ther tipping paint_Arees
with suspected lmllq)ogurc earthquekes are more susceptible to esrthquake-triggening
from natural t stresses g d by the seizmic weves of large remate earthquekes”
from Enhonced Remote Earthquoke Triggering ot Fluid-injection Sites in the Midwestern United
Stores, by Nicholes 1 von der Bist, Heather M Sovoge, Kotie M. Keronen, ond Geoffrey A Abers.
Science 12 July 2013 164-167. [DOI:101125/science. 1253945

http/fewwesciencemas or=/content/341/6142/1 64 sbstract?sic008532 3-6905-45 25-bE2E-
27b2B=74666

UNDERGROUND |NJECTION WELLS

Seismic risk in Michigan is relatively small, and the eastern United Stateneral, is difficult to evaluate because
earthquakes are generally infrequent in comparison to plai@rgin areas such as California. Also, active $aldt
not reach the surface in Michigan and therefore cannot be mapped without the aid of expensive subsurface
techniques.

However, the recent drilling for oil and gas, as well as newer technology, plus recent research, have yielded new
and more complete iformation. These are some facts

Deep well injection is a method of liquid waste disposal approved by the EPA
Disposal in underground injection wells can, and has caused earthquakes.

% http://www.osti.gov/scitech/biblio/826063
40 Grobbelhttp://www.friendsofthejordan.org/advocacy/dwpp.pdf
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Michigan currently has more than 1,500 licensed Class Il (ofjasievaste) deep injection wells

T 2AfEALY [ 9ffag2NIK ogNRBGS G¢KS LISGINRBE SdzY Ay Rdzi NE
must have a solid scientific basis for those requirements, and the public needs assurance that the
regulations are suffiy i I yR I NB 0SAy3a F2ff26SRDE

T 'YR LQR tA1S G2 YSyiaAzy GKS O2yOSLIi 2F ReylYAO (NXR:Z
thousands of miles (km) away can trigger swarms of minor quakes near wastenjatgion wells. This
is discussed in the Coluthk  LJF LISNJ FN2BY (GKS &dzYYSN) 2F HAamoZIX ) NJ
gl aiaSel GSNI Aya2aSOGAz2zy gStftao INBE RNAQGAYy3I GKS Fldzlia
anthropogenic earthquakes are more susceptible to earthqttalkgering from naturatransient stresses
I3SYySNFrGSR o0& GKS aSAavYAoO ¢l @Sa 2F fFNBS NBY23GS S NI

Health Impacts of earthquals include possible trauma frooollapseof structures and injury or death from
explosions from ruptured gas lines

A Disposal in underground injection wells can, and has caused earthquak&stie M. Keranen, Heather
a® {I @3S IyR DS2FFNBe ! & ! 6SNE SiG It at20Sy il f
between Wastewater Injection and the 2011 Mw 5.7 EarthquS { S1j dzSy OS¢ DS2f 23e3 @2
(March 26, 2013http:// geology.gsapubs.orgdntent/early/2013/03/26/G34045.1.abstracand
http:// www.ldeo.columbia.edu/newgvents/wastewatefinjection-spurredbiggestearthquakeyet-says
study and http:// stateimpact.npr.org/texas/tag/earthquake/
A & tefpetroleum industry needs clear requirements for operation, regulators must have a solid scientific
basis for those requirements, and the public needs assurance that the regulations are sufficient and are
0 SAyYy 3 T &dniifedtiBratduéedEarthquaks by William L. Ellsworth. Scierd@July
2013:1225942[DOI:10.1126/science.1225942
http:// www.sciencemag.org/content/341/6142/1225942.abstract?sid=a09d3822d-452ab828
a7b28e7466a6
A a¢KS FtdzARa O0AY 61FaiSelriSNI Ay2SOUGA2UXBRBE a06R MR RNR
suspected anthropogeniearthquakesare more susceptible to earthquakgiggering from natural
transient stresses generated by the seismic waves of large renfdte NIi K |j dzm]ESharkeéd
Remote Earthquak@&riggering at Fluidnjection Sitesn the Midwestern United States, by Nicholas J. van
der ElstHeather M. Savagdlatie M. Keranerand Geoffrey A. Abers. Scierfc®July 2013164
167. [DOI:10.1126/science.1238948]
http://www.sciencemag.org/content/341/6142/164.abstract?sid=a09d3339d452ab828
a7b28e7466a6
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http://stateimpact.npr.org/texas/tag/earthquake/
http://stateimpact.npr.org/texas/tag/earthquake/
http://stateimpact.npr.org/texas/tag/earthquake/
http://www.sciencemag.org/content/341/6142/1225942.abstract?sid=a09d332a-699d-452a-b828-a7b28e7466a6
http://www.sciencemag.org/content/341/6142/1225942.abstract?sid=a09d332a-699d-452a-b828-a7b28e7466a6
http://www.sciencemag.org/content/341/6142/1225942.abstract?sid=a09d332a-699d-452a-b828-a7b28e7466a6
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For decades we have known shale to be radtive particularly the Marcellus shale in my region

The International Atomic Energy Agerayd the International Commission of Radiation Protectiame
recommendations regarding radioactivity at oil and gas mining sites, and most countries whiobralers
adhere to the recommendations. The US is a member but has instead exempted from federal ottersigjit
the RCRA (Resource Conservaton Recovery Actthe materiakthat come from dowrhole which are,in many
casesradioactive.

The element®f concern during gas development are radium and its daughter product, radon, which further
decays to polonium and lead’he radium is in a liquid state as it exits the wellhead, while the radon is in a gaseous
state. As the liquids are separated frore gas, the radium will predominantly end up with the liquidste and

the radon will flow with the gas into gathering lines and pipelines on the way to a point of consumption, such as a
kitchen stove, space heater, water heater or ged furnace in a reidence.There are riskfom the radioactive

nature of the Marcellus shale in particular, which have not been adequately stU&&8DR lists stoves and

furnaces as a source of rad(A)Jr).

In a 2014paper by Andrew Nelson and Mich&ghultz, the authors deribethe difficulty ofmeasuring

radioactivity in flowback water (FBW) from Marcelkisale driIIing“.2 The typical and current method used is EPA
903.0, and it is useful for the detection of radium in drinking water, however, analysis of FBW by thisl mveth
guestioned by these authors because of the remarkably high ionic strength and dissolved solid content observed,
particularly in FBW ém the Marcellus Shale region.

“ http:/Avww.atsdr.cdc.gov/csem/csem.asp?csem=8&po=5

“2Nelson A et al, Matrix Complications in the Determination of Radium Levels in Hydraulic Fracturing Flowback Water from
Marcellus Shaleégnviron. Sci. Technol. Le®014 1 (3), pp 204208

DOI:10.1021/ez5000379. Accesshitp://pubs.acs.org/doi/abs/10.1021/ez5000379
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LQR tA1S8 G2 F20dza 2y NI R2Yy Ay LI NOfludydzdncefidb21,0000uRe y A& [ |
cancer deaths per year in the US are attributed to radon exposure. Radon and its radioactive decay products

(polonium mainlyenter the body through inhalation. Most of the radon is exhaled prior to radioactive decay but

some of the solid radioactive polonium and lead remain in the lungs and are the elements which cause cancer.
lf0K2dzZ3K TSNP Aa (GKS 2yteée aal ¥S¢ tS@St F2NI NFR2y SELR &
per liter in the US. The Worldealth Organization recommends mitigation at 2.7 picoCuries per liter (or about

100Bg/n?.

t Aa0K21 X AY XHnnoX ¢NRGS G(GKFG aX3lF&aS2dza NI R2Y OHHHwWYy O |
the fact that the boiling point of radon lies betweeno$e of propane and ethane. Elevated Rn activity

02y OSYiNY A2y @I tdzSa KIFI @S 06SSy YSI&dzZNBR i aS@OSNIf LINE
impact of theoilandgaS EG NI OGAy3a FyR LINRPOSAa&AY I A yHsriifeNddat Aa y20G yS
workers and those living nearby are at risk from exposure to radioactive mat&ials.

Areas overlying shale have high indoor radon, on average, already. Residents of many of these counties, with the
richestgasdeposits, havelevatedradon concentration in their homes alreadynose areas shown agange and
dark red-and will be at even greater risk from exposure to radioactivity.

| came across a recent article from AustrSliavhere they measured raddjand CO2to determine fugiive
emissiondrom fracking for coal bed methane. Among other things, they found a significant relationship between
the number of wells within 3 km of sampling sites and the maximum radon concentration over the 24 h period,
and this led them to hypothesé that the high concentrations 6¥Rn measured inside a CSG field during this
study are derived not only from gas extraction infrastructure, but also from the depressurization (horizontal
drilling, hydraulic fracturing, groundwater extraction) of theateeams which mawncrease diffuse soil emissions.

The small map shows indoor radothat is, at the surface concentrations in the US. The larger map, an EPA
radon map for MICHIGAN, shows that Michigan is already at mitigation levels in several counties

What are the potential health problems from radioactivity exposure, specifically to radon?
Itis DNA damage.

tKS 62Re&Qa NBaLkRyasS A& G2 GNB G2 NBLI AN GKS RFEYF3ISIT [y
in an altered sequence whichrtaesult in mutations which can lead to tumor initiation.

There are also possibteratogeniceffects caused byradonexposure
X LF RA&&A2f PSR Ay | Y2GKSNNR&a of22R aGNBFYXZ NIR2y Oy LI
developing child is only in the embryo phase, and a radon particle forms a progeny and deposits anywhere,

*3 National Academy of Sciences, Health Effects of Exposure to Radon: BEIR VI, NATIONAL ACAD®eixhPBBESE).C.
1999http://www.nap.edu/catalog/5499.htmi

“ http:/Avww.epa.gov/radon/pubs/citguide.htm!

45Steinhélusler, F, RADIOLOGICAL INTRACMAN AND THE ENVIRONMENT FROM THE OIL AND GAS INDUSTRY: RISK
ASSESSMENT FOR THE CRITICAL GROUP, Pulish&didli and 1. Mustafaev (eds.), Radiation Safety Problems in the
Caspian Regiori29-134.

© 2004 Kluwer Academic Publishers. Printed inNetherlands.

“5Tait et al, 2013. Enrichment of Radon and Carbon Dioxide in the Open Atmosphere of an Australian Coal Seam Gas Field,
Environ Sci Technol. Apr 2, 2013; 47(7): 33994.

doi: 10.1021/es304538g. Accesshdtp://www.ncbi.nlm.nih.gov/pmc/articles/PMC3621574/
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emitting alpha radiation, thefof  GA2y 2F 5b! fSaAiz2ya ¢gAftf YvYzaid tA1Ste
child is in the fetal stages, most of the bodily development has already occurred. In this case, a radon particle
passing into the fetus would likely move to lipid portsoof the unborn child, namely the brain and other organs.

Since brain development is most crucial in this phase, ionizing radiation at this point might not fatLileut

may cause severe inhibition in brain development leading to mental retardatien laifth. Exposure of radon to a
developed child after the first year of birth, when the brain is lessigEland the blooebrain-barrier is fully

formed, follows the same pathways as for adults.

Several studies have showvthat children are more susceptible to radon exposure than adults. Children have
different lung architecture and breathing patterns, resulting in a larger dose of radiation to the respiratory tract.
Children also have longer latency periods in which tcettgy cancer.And, on average, children spend 70% more
time in the house than adults.

For these reasons, radon exposure for vulnerable populations like children and pregnant women is especially risky.

SILICOSIS

is

Large quantities of silica sand are uskding thehydraulicfracturing process

In the course ofmining andtransport, silica dust is released into the air, causing a hazard to those employees
involved inhandlingit.

Inhalation of silica sand causealcesiswhichis an incurable but preventable lumdisease. In addition to being an
occupational lung carcinogen, inhaling silica dust causes chronic obstructive pulmonary disease (COPD), chronic
renal disease and various autoimmune diseadadividuals with silicosis are known to be at higher risk of
tuberculosis. And these illnesses can impact the community in which the workers live.
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TheOccupational Safety and Health Administrathoas just proposed rules to limit crystalline siliséaichwould
prevent nearly 70@vorkerdeaths a year.

But o health agency has looked at thesidents living nearby.
aAOKA Il Y YA ypbriapsinat bshmDdh asiWisgoRsih and Minnesota, but it does occur here.

Michiganranks thirdin the nation for production of industrial sand ahdsthe largest number of sand dunes in
the world.

http://www.greatlakes.org/Document.Doc?id=11% ¢ KS RdzySa 2F [I1S aAOKAIlIyQa aK2NB [KI @
The Native American Legend of Sleeping Bear Dunes attempts to explain how those tremendous dunes came to be . . . the story

of a mother bear and her two cubs who left Wisconsin to escape a raging fire and swam across Lake Michigan. Sadly, the two
cubsdigy Qi YI 1S Ad ONRraa (2 flFlyR 2y (KS 2G6KSNJ aARS® ¢KSANI Y2(KS
them, but they never came ashore. She fell asleep and the sand blew over her. A Great Spirit took pity on her and gut the cub
wherea KS O02dzZ R o6 6 OK GKSYd ¢KS Odzoas GKS b2NIK FyR {2dziK al yAl:
(from Vanishing Lake Michigan Sand Dunes: Threats from Mining; a publication of LAKE MICHIGAN FEDERATION)

To transport and distributehte gas, compressor stations and pipelines are required.

On the left are the existing pipelines in the US; the red dots are compressor stations.

GCompressor stations emit

-Nitrogen oxidesNOXx) which are associated with respiratory disease. Ozone is fomtezh NOx and Volatile
Organic Compounds (VOCS) react in the presence of heat and sunlight.
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