
1 
 

ADDENDUM INDEX 
 

 
EXH.# 

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 

 
 



Characterizing Air Emissions from 
Natural Gas Drilling and Well 

Completion Operations 
Jeff Collett 

Department of Atmospheric Science 
Colorado State University 
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Unconventional Gas Extraction 

Source: U.S. Energy Information Administration (EIA)  

U.S. dry natural gas production by source 1990-2040 

Lower 48 States shale plays 
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Natural Gas Wells and Production in U.S. 

Number of Natural Gas Producing Wells in 
Colorado 

Rankings: Natural Gas Marketed 
Production, 2011 

(million cu. ft.) 

Source for Figures: U.S. Energy Information Administration (EIA)  
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Potential Air Quality Concerns 

• Criteria Pollutants 
– O3 (VOC + NOx + sunlight) 
– NO2 
– PM2.5 

• Hazardous Air Pollutants / 
Air toxics, for example 
– Diesel particulate matter 
– Formaldehyde 
– Benzene, toluene, 

ethylbenzene, xylenes 
• Climate 

– CH4 

– Black carbon 

Schnell et al., 2009 

Denver brown cloud (Denver Post) 
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Methane and climate 
• Although natural gas use offers 

reduced carbon dioxide 
emissions, methane is a much 
more potent greenhouse gas 

 
• Net climate benefit of fuel 

switching to natural gas depends 
on leakage rate and time horizon 
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Previous VOC Measurements in Colorado 
• Characterization of VOCs in the Colorado Front Range 
 Pétron et al., J. Geophys. Res., Vol. 117, D04304, 2012 
 

– Regional overview of processes impacting ambient alkane and 
benzene levels in Northeastern Colorado. 

– Observation of enhanced atmospheric alkane ratio with signature 
from oil and gas operations. 

• Signature of VOCs from Oil and Gas Operations 
 Gilman et al., Env. Sci. & Tech. Res., 47, 1297-1305, 2013 
 

– Observed signature of oil and natural gas activities. 
– Observed VOCs associated with oil and gas activities at all sites 

• A gap exists in direct measurement of emissions of specific activities, especially 
for new well development 
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CSU Emissions Study Goals 

• Characterize emissions and downwind dispersion of air 
toxics, ozone precursors, and methane 

 
• Consider oil and gas sources in western Colorado and 

Front Range 
 
• Work with industry to gain full site access and activity 

information 
 
• Focus on new wells (Garfield County).  Focus on new 

wells and other activities where emissions are least well 
understood (Front Range). 
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Two studies… 
Garfield County Study 

(2012-2015) 
Front Range Study  

(2013-2016) 

Location of oil and gas wells in the northern 
Front Range. 
Green dots= oil wells, red dots= gas wells,  
Blue dots = oil and gas wells 

Source: http://pubs.usgs.gov/dds/dds-069/dds-069-p/REPORTS/69_P_CH_2.pdf 

Location of oil wells and permits in 
Garfield County, CO and the surrounding 
area. 
Red dots= oil wells, green circles= issued permits, blue 
squares= pending permits 

Source: COGCC 
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Garfield Study Overview 

Preparation of Well 
Pad 

Well Drilling 

Hydraulic Fracturing 

Well Completion 

Flowback 

Objectives 
 
• Quantify emissions of chemical 

compounds (especially VOCs) during 
new well development 

 
• Characterize how these compounds are 

dispersed in the atmosphere downwind 
of the site 
 

• Produce a peer-reviewed, public dataset 
of high quality emissions data 
 

Source of Figures: http://lingo.cast.uark.edu/LINGOPUBLIC/natgas/wellprep/index.htm 
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Study partners 
• Study team 

– Colorado State University 
• Jeff Collett, PI 
• Jay Ham, co-PI 

– Air Resource Specialists, Inc. 
 

• Technical Advisory Committee 
– Representatives from industry, CDPHE, 

USEPA, NCAR, BLM 

• Operations Committee 
• Sponsors 

– Garfield County 
– Encana, WPX Energy, Bill Barrett Corp., 

and Ursa Resources 
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Technical Objectives 

• Quantify air emissions during specific activities 
– Mass of each compound  released vs. time (e.g., g/s) 
– Detailed operator information about on-site activity 
– Focus on air toxics, ozone precursors, and CH4 

 
• Measure and model the spatial extent of the 

dispersing  plume 
– Concentration vs. distance from source 
– Up to a few km 

Source of Figure: West COGA Piceance 
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Approach 

• Multiple, independent approaches 
– Tracer method 
– Inverse dispersion modeling 

 
• Combination of time-integrated and 

continuous measurements to observe 
temporal and spatial variability 
 

• Mobile and fixed sampling platforms 

Source of Figure: Source: http://fracfocus.org/hydraulic-fracturing-how-it-works/site-setup 
Adden. - 222



Study Measurements 
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Field deployment strategy 

Wind Direction 

Canisters Mobile lab 
Real time 
measurements 
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Meteorological Measurements 

• Meteorological 
measurements help 
predict plume location 
and are used as modeling 
input 
 

• Three tripod met stations 
with sonic anemometers 

 
• One crank up tower to 

collect data at different 
heights 
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VOC Measurements (Offline) 

• VOCs (TO-15 and O3 
precursors) 
– Silonite® coated canisters 
– GC-MS/FID 
– Several canisters per case 

study 
– Collection time of 3-30 min. 

 
 

• Carbonyls (TO-11a) 
– Cartridges 
– ~ 3-5 cartridges /case 

study 
– Collection time of a few 

hours 
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VOC Measurements (Online) 

• CSU Mobile Lab 
 
– Real time measurements 

of VOCs using PTRMS 
– Real time measurements 

of NOX, CO, and O3 

 
• Hand-held ppb-RAE 

3000 
 
– T-VOC measurements 
– Used to detect sources 

on well pad 
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Tracer Measurements 

• Tracer (Acetylene) 
released at a known 
rate 
 

• Measurements 
– Real Time: 

• Cavity Ring Down 
Spectroscopy 

– Offline: 
• Canister 
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Tracer Ratio Method 
• Conservative tracer is released 

at a known rate  (QT) near the 
source 

– Acetylene (C2H2) 
 

• Dual analyzer measures 
concentrations of tracer (CT) 
and compounds of interest 
(Ci,j,k) downwind of source 

 
• Emission rates  (Qi,j,k) are 

calculated from QT and the ratio 
of concentration between C2H2 
and the compound of interest 
(e.g., Ci/CT). 
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Tracer Ratio Method 
• Theoretical Assumptions 

– Assumes the release point for tracer is 
the  same as that for the VOCs 

– Assumes turbulent processes transporting 
tracer and VOCs are the same 

– Assumes no chemical transformation 
between release point and sample point  

• Measurement Challenges 
– Must accurately measure mass flow of 

the tracer and the VOC/tracer 
concentration ratios 

• Key Advantages 
– Don’t need to capture entire plume 
– Provides independent estimate of 

emissions for use in dispersion modeling 
– Tracer released (acetylene) naturally 

occurring concentration less than 1 ppbv 
– Acetylene decomposes slowly in 

atmosphere with a half life of ~13 days 

 

Model dispersion using 
real-time on-site met. 
and smoke release 

Release tracer @ source 

Confirm plume trajectory 
with in situ measurement 

of tracer and CH4 

Position sample canister 
tripods and “arm” 

Trigger sampling via 
wireless network when 
wind conditions optimal Adden. - 230



Verification of Tracer Ratio Method 
Release of tracer (acetylene) 

and methane 
 

Location: Christman Field, Fort Collins, CO 

 
• Comparison of point vs. 

manifold release systems 
• Co-located and mis-located 

tracer release tests  
• Various release rates 
• Diverse meteorological 

conditions 
• These tests improve field tracer 

measurements, allow model 
testing, and help assess 
measurement uncertainty 
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Tracer Release System Validation 

Released tracer and methane 

View of plume trackers transects 
Observed tracer plumes are shown in 
yellow 

Christman Field 
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Modeling the Plumes 

• System for Atmospheric 
Modeling (SAM)  
 
– 3D Thermodynamic, 

fluid-dynamic model 
 

– Resolution: 20m x 20m x 
variable 
 

– 2 tracers 
 

– Unidirectional wind 
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