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DOCUMENT DESCRIPTION PAGE #

1 University of Colorado Law School, Intermountain Oil and Gas 
BMP Project Web Page, January 27, 2015. 

1-3 

2 National Association of Regional Councils Report – Local, 
Regional, and State Government Perspectives on Hydraulic 
Fracturing-Related Oil and Gas Development; Prepared By 
Samuel Gallaher, PhD Student at School of Public Affairs, 
University of Colorado Denver, Graduate Research Fellow at the 
Buechner Institute of Governance (excerpts), full report available 
at: http://narc.org/wp-content/uploads/Government-Perspectives-
on-Oil-and-Gas-Development-Full-Report-2013-Gallaher.pdf 

4-16 

3 Energy Boomtown & Natural Gas:  Implications for Marcellus 
Shale Local Governments & Rural Communities; NERCRD Rural 
Development Paper No. 43, 63 pp., Prepared by Jeffrey Jacquet, 
January 2009 (excerpts), full report available at: 
http://aese.psu.edu/nercrd/publications/rdp/rdp43  

17-22 

4 Colorado Oil & Gas Association Rule 510 Statement, Prepared By 
Jamie L. Jost, Managing Shareholder at Jost & Shelton Energy 
Group, P.C., General Counsel for The Colorado Oil & Gas 
Association. 

23-32 

5 The Center for Science and Democracy at the Union of Concerned 
Scientists Report – Science, Democracy, and Fracking: A Guide 
for Community Residents and Policy Makers Facing Decisions 
Over Hydraulic Fracturing. 

33-52 

6 State of Colorado, Colorado Department of Public Health and 
Environment Letter Regarding Earth Guardians Request for 
Rulemaking, April 7, 2014. 

53-54 

7 Los Angeles Times Article: Message is mixed on Fracking, July 
28, 2013. 

55-58 

8 Colorado Oil and Gas Conservation Commission, 2 CCR 404-1 – 
Statement of Basis, Specific Statutory Authority, and Purpose Re 
New Rules and Amendments to Current Rules (2008 
Amendments) (excerpts), full copy available at:  
http://cogcc.state.co.us/  

59-65 
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9 New York State Department of Health Study:  A Public Health 
Review of High Volume Hydraulic Fracturing for Shale Gas 
Development, December 17, 2014 (excerpts), full report available 
at: 
http://www.health.ny.gov/press/reports/docs/high_volume_hydrau
lic_fracturing.pdf  

66-83 

10 Physicians, Scientists and Engineers for Health/Energy: 
Impediments to Public Health Research on Shale (Tight) Oil and 
Gas Development, May 2013. 

84-85 

11 National Public Radio State Impact: Lifelong Gag Order Imposed 
on Two Kids in Fracking Case, By Susan Phillips, August 1, 
2013. 

86-88 

12 Pro Publica: EPA’s Abandoned Wyoming Fracking Study One 
Retreat of Many, By Abrahm Lustgarten, July 3, 2013. 

89-92 

13 Longmont Times Article: Most Oil, Gas Measures Die During 
Colorado Legislature’s 2013 Session, By John Fryar, May 8, 
2013. 

93-95 

14 National Public Radio Broadcast: Close Encounters With Gas 
Well Pollution; Host Broadcasters:  Melissa Block and Robert 
Siegel, May 15, 2012 

96-102 

15 Health Impact Assessment for Battlement Mesa, Garfield County, 
Colorado, conducted by members of the faculty and staff of the 
Department of Environmental and Occupational Health, Colorado 
School of Public Health (CSPH), September 2010 (excerpts), full 
report available at: http://www.garfield-county.com/public-
health/documents/1%20%20%20Complete%20HIA%20without%
20Appendix%20D.pdf  

103-122 

16 U.S. Environmental Protection Agency News Release: EPA 
Releases Draft Findings of Pavillion, Wyoming Ground Water 
Investigation for Public Comment and Independent Scientific 
Review; EPA Contact Larry Jackson; December 8, 2011. 

123-124 

17 Pro Publica: EPA Finds Compound Used in Fracking in Wyoming 
Aquifer, By Abrahm Lustgarten, November 10, 2011. 

125-126 

18 U.S. Environmental Protection Agency Draft Report Regarding 
Pavillion, Wyoming Groundwater Investigation for Public 
Comment and Independent Scientific Peer Review, December 8, 
2011; Contact Person Richard Mylott, Public Affairs.  

127-135 
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19 Bloomberg BNA: EPA Says Wyoming to Complete Investigation 
Of Possible Contamination Near Pavillon, Wyoming, By Alan 
Kovski, June 21. 

136-140 

20 U.S. Environmental Protection Agency News Release: EPA 
Initiates Hydraulic Fracturing Study:  Agency Seeks Input From 
Science Advisory Board, March 18, 2010; Contact Person Enesta 
Jones. 

141 

21 Pro Publica: EPA Wants to Look at Full Lifecycle of Fracking in 
New Study, By Nicholas Kusnetz, February 9, 2011. 

142-143 

22 U.S. Environmental Protection Agency: Power Point Slides 
Regarding EPA Study of Hydraulic Fracturing and Drinking 
Water Resources. 

144-161 

23 Akron Beacon Journal:  Article Regarding EPA Study on 
Fracking Threat to Water Will Take Years, By Bob Downing, 
January 18, 2013. 

162-164 

24 Physicians, Scientists and Engineers for Health/Energy: Working 
Paper – Toward an Understanding of the Environmental and 
Public Health Impacts of Shale Gas Development: An Analysis of 
the Peer-Reviewed Scientific Literature, 2009-2014, By Jake Hays 
and Seth B.C. Shonkoff, January 2015. 

165-184 

25 Pro Publica Surveys Some Recent Research on Potential Health 
Implications of Hydro Fracking:  Drilling for Certainty - The 
Latest in Fracking Health Studies, By Naveena Sadasivam, March 
5, 2014. 

185-188 

26 Environmental Health Perspectives, Volume 123, Number 1, 
January 2015:  Proximity to Natural Gas Wells and Reported 
Health Status-Results of a Household Survey in Washington 
County, Pennsylvania, By P. M. Rabinowitz, I. B. Slizovskiy, V. 
Lamers, S. J. Trufan, T. R. Holford, J. D. Dziura, P. N. Peduzzi, 
M. J. Kane, J. S. Reif, T. R. Weiss, and M. H. Stowe. 

189-194 

27 Environmental Health Perspectives, Volume 122, Issue 4, April 
2014:  Birth Outcomes and Maternal Residential Proximity to 
Natural Gas Development in Rural Colorado, By L. M. 
McKenzie, R. Guo, R. Z. Witter, D. A. Savitz, L. S. Newman, and 
J. L. Adgate. 

195-204 

28 Physicians, Scientists and Engineers for Health/Energy Water 
Studies Summary:  Surface and Groundwater Contamination 
Associated with Modern Natural Gas Development, October 
2014.   

205-206 
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29 University of Colorado Boulder:  CU-Boulder Researchers 
Confirm Leaks From Front Range Oil and Gas Operations, May 7, 
2014. 

207-210 

30 Colorado State University Report Regarding Characterizing Air 
Emissions from Natural Gas Drilling and Well Completion 
Operations, By Jeff Collett, Department of Atmospheric Science. 

211-237 

31 Rocky Mountain Mineral Law Foundation – Federal Onshore Oil 
& Gas Pooling & Unitization, Book 1; Mineral Law Series, 
Volume 2014, Number 4; Article on Pooling and Unitization: A 
History Perspective and an Introduction to Basic Vocabulary, By 
Bruce M. Kramer.  

238-264 

32 U.S. Energy Information Administration: North Dakota Aims to 
Reduce Natural Gas Flaring, Principal Contributors:  Philip 
Budzik and Michael Ford, October 20, 2014. 

265-266 

33 National Center for Biotechnology Information Abstract:  Impacts 
of Gas Drilling on Human and Animal Health, 2012.  

267-268 

34 Denver Business Journal:  KC Fed: 50% of Energy Firms 
Planning Big Spending Cuts, Layoffs This Year, By Heather 
Draper, January 15, 2015. 

269-270 

35 The Scottish Government – News: Moratorium Called on 
Fracking, January 28, 2015. 

271-273 

36 Declaration of Ava Farouche (with maps). 274-278 
37 Colo. Rev. Stat. §§ 34-60-102, 34-60-106. 279-288 
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Documentation of water contamination associated with modern

natural gas development is a complex issue. The list of studies

reported here should be seen as conservative and limited report-

ing of water contamination, as it only contains evidence from

peer-reviewed scientific studies and does not include inci-

dences that exist in inspection records. For instance, the Penn-

sylvania Department of Environmental Protection (PA DEP)

released a list of 243 cases where it was determined that private

water supplies were impacted by oil and gas activities1.

Differences in local geologies and hydrologic characteristics,

land-use histories, industry practices, and monitored water con-

taminants can complicate comparisons across studies. Baseline

conditions for water quality are often unknown or may have

been affected by other activities. Nonetheless, empirical evi-
dence of surface and groundwater contamination as a result
of modern natural gas operations is documented.

Pennsylvania (Marcellus). Several studies indicate degrada-

tion of ground and surface waters in dense drilling areas of

Pennsylvania. Studies2,3 found significantly higher concentra-
tions of thermogenic methane in private water wells within 1

km of one or more natural gas wells (6 and 17 times on aver-

age, respectively; Fig 1).

An examination of water chemistry and isoptopic signatures4 of

effluents from a brine treatment facility, stream sediments near

the discharge site, and surface waters downstream and

upstream of the discharge site showed elevated levels of chlo-
ride and bromide in downstream waters consistent (combined

with isotopic data) with produced waters from Marcellus

wastewaters. Radium-228/Radium-226 ratios in downstream

waters and near-source sediments also closely matched ratios

measured in Marcellus wastewaters (Fig 2). Radium-226 con-
centrations in near-source sediments (544-8759 Bq/kg) were

found to be approximately 200 times greater than upstream and

background sediments and in excess of U.S. Radioactive waste

disposal threshold regulations.

A study using noble gases as tracers in areas overlying the Mar-

cellus shale region and the Barnett shale in TX5 found four

clusters of fugitive gas contamination in groundwater. The

Surface and groundwater contamination
associated with modern natural gas
development

http://psehealthyenergy.orgSCIENCE SUMMARY PSE Healthy Energy

Peer-Reviewed Literature, 2011 - 2014

Figure 2. Activities of 228Ra/226Ra in river sediments collected
upstream, adjacent, and downstream of a Marcellus shale waste-
water discharge site. Despite waste treatment, downstream water
quality still reflects the chemical signatures of fluids produced in
natural gas extraction, as downstream ratios closely match those of
untreated Marcellus brines (orange dashed line; 0.25; Source:
Warner et al. 2013).

Figure 1. Hydrocarbon concentrations (mg/L) in groundwater by dis-
tance to unconventional gas wells. Private water wells within 1 km of
shale gas well show higher levels of natural gas constituents (meth-
ane, ethane, propane). Isotopic analysis indicates that the hydrocar-
bons are thermogenic in nature (Source: Osborn et al. 2011;
Jackson et al. 2013)

OCT
2014Science Summary

PSE
Healthy Energy

Adden. - 205



PSE Healthy Energyhttp://psehealthyenergy.orgSCIENCE SUMMARY

References
1. PADEP (2014). Water supply determination letters. Available at:

http://files.dep.state.pa.us/OilGas/BOGM/BOGMPortalFiles/OilGasReports/Determination_Letters/Regional_Determination_Letters.pdf
2. Osborn, SG et al. (2011). Methane contamination of drinking water accompanying gas-well drilling and hydraulic fracturing. PNAS

108(20), 8172-8176.
3. Jackson, RB et al. (2013). Increased stray gas abundance in a subset of drinking water wells near Marcellus shale gas extraction.

PNAS. 110(28), 11250-11255.
4. Warner, NR et al. (2013). Impacts of shale gas wastewater disposal on water quality in western Pennsylvania. Environ. Sci. Technol.

47(20), 11849-11857.
5. Darrah TH, et al. (2014). Noble gases identify the mechanisms of fugitive gas contamination in drinking-water wells overlying the Mar-

cellus and Barnett shales. PNAS. 111(39), 14076-14081.
6. Fontenot, BE et al. (2013). An evaluation of water quality in private drinking water wells near natural gas extraction sites in the Barnett

shale formation. Environ. Sci. Technol. 47(17), 10032-10040.
7. Papoulias and Velasco. (2013). Histopathological analysis of fish from Acorn Fork Creek, Kentucky, exposed to hydraulic fracturing fluid

releases. Southeastern Naturalist. 12(4), 92–111.
8. Gross, SA et al. (2013). Analysis of BTEX groundwater concentrations from surface spills associated with hydraulic fracturing opera-

tions. J Air Waste Manag Assoc. 63(4), 424–432.
9. Kassotis, CD et al. (2013). Estrogen and androgen receptor activities of hydraulic fracturing chemicals and surface and ground water in

a drilling-dense region. Endocrinology. 155(3).

data suggested the contamination most likely resulted from

poor well cement casing that enabled hydrocarbon gas leaks

along the well annulus.

Texas (Barnett). A study of groundwater quality in the Barnett

shale TX6 revealed significantly higher levels of heavy metals
(strontium, selenium, arsenic) in private water wells located

within 2 km of active gas wells relative to private water wells

located further from drilling activity (Fig 3). This study was

unique in that it used historical data from the region to create a

baseline measure of groundwater quality before the expansion

of natural gas operations. Arsenic, strontium, and selenium con-

centrations were also found to be significantly higher in active

drilling areas relative to this historical baseline. Shallower

water wells near drilling activity showed the highest levels of

contamination. These findings suggest that mechanical distur-

bance (i.e. subsurface vibrations) of water wells, surface spills

and/or faulty well casings/cement as possible causes of contam-

ination.

Kentucky (Appalachian). A release of hydraulic fracturing

fluids to a Knox County stream resulted in in fish stress and

mortality. Water chemistry analysis7 of the impacted stream

revealed elevated conductivity, lowered pH and alkalinity,
and toxic levels of heavy metals. Fish exposed to the contami-

nated water exhibited a high incidence of gill lesions consistent

with impacts observed in fish exposed to low pH, dissolved

heavy metals, or both. Among the species affected was the fed-

erally protected Blackside Dace.

Colorado (Denver-Julesburg and Piceance).  An analysis of

reported surface spills (Colorado Oil and Gas Conservation

Commission, COGCC) within Weld County (DenverJulesb-

urg)  and groundwater monitoring data associated with each

spill8 revealed BTEX (benzene, toulene, ethylbenzene, xylene)

contamination of groundwaters. During a one-year period the

authors noted 77 reported surface spills impacting groundwater;

62 of these records included BTEX analytical sampling during

remediation. A large percent of samples show BTEX concen-
trations in excess of federal standards (Fig 4). Another study

of surface and groundwater samples from drilling-dense areas

in the Piceance basin9 showed higher estrogenic, anti-estro-
genic, or ant-androgenic activities near gas activity relative to

reference site with little or no natural gas development.

Figure 4. Percent of groundwater samples exceeding federal
maximum contaminant levels (MCL) for BTEX species. Samples
were taken at different stages of remediation following reported
surface spills related to natural gas development. While many of the
spills were effectively mitigated, >50% of samples still exceeded
benzene MCLs after remediation; 16% of samples exceeded
toulene MCLs post-remediation, and 8% of samples exceeded
MCLs for both ethylbenzene and xylene. (Source: Gross et al. 2013)

Figure 3. Arsenic (μg/L), strontium (mg/L) and selenium (μg/L) con
centrations in groundwater versus distance to nearest active natural
gas well and depth of water well. Circle size reflects levels of concen-
trations with larger circles denoting higher levels of contaminants.
Risk of contamination to private water wells appears to increase with
proximity to unconventional natural gas wells. Shallower water wells
are particularly at risk, suggesting surface spills, mechanical distur-
bance of water wells, and/or faulty well casings as possible routes to
contamination. (Source: Fontenot et al. 2013)
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