From: Nancy Hall

To: Boulder County Oil and Gas Comment
Subject: Supporting documentation for prior comments
Date: Friday, November 21, 2014 7:33:36 PM
Attachments: AOR-quidance-epa816r14001.pdf

I recently sent comments proposing that the area of concern for
water-well testing in the EDPR might not be sufficient; | now attach
supporting documentation from the EPA in which computation of the "area
of review" is described (for analyzing the potential for groundwater
contamination from hydraulic fracturing with diesel fuel, in this

case). Appendix B gives several ways to delineate the area of concern,
and it seems that the 1/4 mile distance from the bore, while being one

of the options given, is the least protective option given.

The highlights in the text are my additions.

I offer this document also as support for the reasonableness of the

regs, should this aspect of them be challenged, and also offer a

suggestion that perhaps this analysis could be required in the SDPR as well.

Sincerely,

Nancy Hall


mailto:nhall@safe-mail.net
mailto:oilgascomment@bouldercounty.org
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I. Introduction

This guidance provides technical recommendations for protecting underground sources of
drinking water (USDWSs) from potential endangerment posed by hydraulic fracturing (HF)
activities where diesel fuels are used.

The U.S. Environmental Protection Agency (EPA) developed this guidance for EPA permit
writers to ensure protection of USDWs in accordance with the Safe Drinking Water Act
(SDWA) and Underground Injection Control (UIC) regulatory authority. This authority is limited
to when diesel fuels are used in fluids or propping agents pursuant to oil, gas and geothermal
activities. This document does not establish any new permitting requirements for HF activities
using diesel fuels, but describes the EPA’s interpretation of existing legal requirements as well as
non-binding recommendations for EPA permit writers to consider in applying UIC Class 11*
regulations to HF when diesel fuels are used in fracturing fluids or propping agents. This
document does not address geothermal activities.

The EPA expects that EPA UIC Program Directors, and the permit writers acting on their behalf,
will follow the interpretation of the statutory term “diesel fuels” presented in this guidance
document. They should also consider, although are not required to follow, the recommendations
reflected in this guidance on how to apply the Class Il regulations to HF activities using diesel
fuels when issuing permits for such activities under the federal UIC Program. Recommendations
are consistent with the discretion accorded under the existing UIC Class Il regulations, and
reflect existing UIC requirements for other well classes, voluntary industry standards, state rules,
and other model guidelines for HF. However, permit writers, acting on behalf of the UIC
Director have the discretion to consider alternative approaches that are consistent with statutory
and regulatory requirements. Decisions about permitting HF operations that use diesel fuels will
be made on a case-by-case basis, considering the facts and circumstances of the specific injection
activity and applicable statutes, regulations and case law.

Under the 2005 amendments to the SDWA, a UIC Class Il permit must be obtained prior to
conducting the underground injection of diesel fuels for hydraulic fracturing. The EPA, where it
directly implements the program, as well as states and tribes with primary enforcement authority,
must issue a Class Il permit prior to the injection of diesel fuels in the HF fluid or propping
agents. The primary audience for these technical recommendations is the EPA Regional offices
directly implementing the existing UIC Class Il Program requirements (40 Code of Federal
Regulations (CFR) parts 124 and 144 through 147).

Stakeholders and the public have recognized the importance of safely and responsibly managing
unconventional oil and gas development, including hydraulic fracturing. Many states have
updated their oil and gas regulations and a variety of organizations have developed model
guidelines and best practices. The EPA engaged with states, tribes, industry, and other
stakeholders during the development of this document and reviewed best practices available at

! Class I1 is the primary well classification used for injection wells that are associated with oil and gas storage and
production (40 CFR 144.6).
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the time. The EPA used information from these efforts to inform this guidance for the UIC
program.

An EPA analysis of data on HF fluids posted in 2012 on the chemical disclosure registry website
FracFocus? found that diesel fuels appeared in fewer than two percent of the wells.® While
FracFocus data are voluntarily submitted and not statistically representative of the presence of
diesel fuels or other chemical substances in HF fluids, they are useful in providing an indication
of the extent to which industry relies on diesel fuels for HF activities. While diesel fuels as
defined in this guidance are currently used in a small percentage of HF wells, the EPA will work
with states and industry to promote best practices in HF operations, including partnering with
stakeholders to support voluntary use of greener alternatives in HF fluids generally.

Although developed specifically for hydraulic fracturing where diesel fuels are used, many of the
recommended practices found in this document are consistent with best practices for hydraulic
fracturing in general, including those found in state regulations, voluntary standards from the
American Petroleum Institute (API1), and model guidelines for hydraulic fracturing developed by
industry and stakeholders. In particular, the EPA’s recommendations for applying UIC
requirements on area of review, well construction, operations, and monitoring — including testing
for mechanical integrity of the well and baseline and follow-up water quality monitoring — will
also promote adoption of some best practices identified by industry, states, and other groups.

The practices described in this guidance are critical for ensuring that underground sources of
drinking water are protected during hydraulic fracturing using diesel fuels. For example,
delineating a site-specific area of review, including for the horizontal section of a well, ensures
there are no conduits that could allow the escape of contaminants into USDWs. During the area
of review delineation an owner/operator looks for artificial or natural conduits to ensure adequate
confinement and takes corrective action if necessary to prevent fluid or gas migration. Similarly,
mechanical integrity tests (MITs) ensure that the protective physical components of the well,
including the casing and cement, are competent prior to injection and throughout the life of the
well. High injection pressures, such as those occurring during HF, have the potential to damage
the mechanical integrity of the well causing leaks, which may allow for the migration of fluids
into USDWs. Conducting MITs ensures that injection well integrity is maintained at all times.
Baseline and post-fracture water quality monitoring are used to help ensure that a permitted well
has not endangered USDWs.

In addition to reflecting UIC program requirements, state regulations and industry best practices,
a number of the practices contained in this guidance were outlined by the Secretary of Energy’s
Advisory Board (SEAB) Shale Gas Production Subcommittee in its August and November 2011
reports (US DOE, 2011). Thus, states and tribes responsible for issuing permits and/or updating
regulations for hydraulic fracturing may find the recommendations in this document useful in
improving the protection of underground sources of drinking water and public health wherever
hydraulic fracturing is practiced.

2 FracFocus (http://fracfocus.org/) is the national HF chemical registry managed by the Ground Water Protection
Council and Interstate Qil and Gas Compact Commission.
¥ An August 2012 search of FracFocus identified only one well that used diesel fuels as a carrier fluid.
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Il. Background Information

How are diesel fuels used in the HF operations?

HF is a technique used to produce economically viable quantities of oil and natural gas,
especially from unconventional reservoirs, such as shale, tight sands, coalbeds and other
formations. HF involves the injection of fluids (commonly a mixture of water, chemical
additives and proppants) under pressures great enough to open and enlarge fractures within the
oil-and gas-producing formations. The resulting fractures are held open using propping agents,
such as fine grains of sand or ceramic beads, to allow oil and gas to flow to the production well.
The types and concentrations of chemical additives and proppants used in the HF fluids vary
depending on site-specific conditions and are usually tailored to the properties of the formation
and the needs of the project.

Diesel fuels are among a number of oil-based fracturing fluids that can be used to avoid damage
such as reduced permeabilities to water sensitive formations and allow for better production
(DeVine et al., 2003). Diesel fuels may be used as an additive to adjust fluid properties (e.g.,
viscosity and lubricity) or act as a solvent to aid in the delivery of gelling agents. Diesel fuels’
properties of high viscosity and immiscibility in water may also prevent fluid leak-off or loss
into a formation without impeding the production of hydrocarbons (McCabe et al., 1990; Rae
and DiLullo, 1996). Also, the lower freezing point of diesel fuels relative to water may be useful
in cold climate operations as an effective winterizing agent by preventing liquids from freezing
in low temperatures (Shibley and Leonard, 1987).

Diesel fuels may contain a number of chemicals of concern including benzene, toluene,
ethylbenzene, and xylene compounds (BTEX). BTEX compounds are highly mobile in ground
water and are regulated under the SDWA national primary drinking water regulations
(NPDWRs) because of the risks they pose to human health. The EPA has set a maximum
contaminant level goal (MCLG)* and a maximum contaminant level (MCL)® for each
compound. For example, the MCLG for benzene is zero and the MCL is 0.005 mg/L.° People
consuming drinking water containing any of these chemicals in excess of the standards set by the
EPA over many years could experience:

An increase in anemia or a decrease in blood platelets from benzene exposure’;
An increased risk of cancer from benzene exposure®;

Problems with the nervous system, kidneys or liver from toluene exposure®;
Problems with the liver or kidneys from ethylbenzene exposure®; and

* The EPA sets the level of protection for MCLGs based on the best available science to prevent potential health
problems.

> The EPA sets MCLs as close to the MCLGs as possible, considering cost, benefits and the ability of public water
systems to detect and remove contaminants using suitable treatment technologies.

®US EPA, http://water.epa.gov/drink/contaminants/basicinformation/benzene.cfm

"US EPA, Ibid

® US EPA, Ibid

° US EPA, http://water.epa.gov/drink/contaminants/basicinformation/toluene.cfm
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» Damage to the nervous system from exposure to xylene™*.

BTEX compounds are classified as aromatic hydrocarbons, a class of substances found in
petroleum products including diesel fuels. The total content of aromatic hydrocarbons in
petroleum products varies based on the refining process. The diesel fuels identified in this
guidance memorandum can contain up to 25 percent aromatic hydrocarbons, by weight (API,
2012). These diesel fuels can also contain 20 to 60 percent polynuclear aromatic hydrocarbons
(PAHS) by volume (API, Ibid). PAHSs can be a toxic component of petroleum products and some
PAHSs are listed as Priority Pollutants under the Clean Water Act?.

Because other substances used in HF fluids may contain similar levels of BTEX, even if the
Chemical Abstract Service Registry Number (CASRN) does not identify the substance as diesel
fuel, the EPA will work with states and industry to explore approaches to promote voluntary use
of safer alternatives in HF fluids.

The EPA conducted an analysis of data on HF fluids posted in 2012 on the chemical disclosure
registry website FracFocus to determine how diesel fuels are currently used in HF operations.
Based on this analysis, diesel fuels were most commonly used as an additive to reduce friction.
Diesel fuels appeared in fewer than two percent of the wells,*® and no regional patterns of diesel
fuels usage were identified from data registered in FracFocus.

When does a HF activity require a UIC Class Il permit?

A HF activity is subject to UIC Class Il permitting requirements under the SDWA if any portion
of the injectate contains “diesel fuels.” The EPA interprets this statutory term to mean any of the
following five CASRNS:

e 68334-30-5 Primary Name: Fuels, diesel
Common Synonyms: Automotive diesel oil; Diesel fuel; Diesel oil (petroleum); Diesel
oils; Diesel test fuel; Diesel fuels; Diesel fuel No. 1; Diesel fuel [United Nations-North
America (UN/NA) number 1993]; Diesel fuel oil; European Inventory of Existing
Commercial Chemical Substances (EINECS) 269-822-7.

e 68476-34-6 Primary Name: Fuels, diesel, No. 2
Common Synonyms: Diesel fuel No. 2; Diesel fuels No. 2; EINECS 270-676-1; No. 2
Diesel fuel.

e 68476-30-2 Primary Name: Fuel oil No. 2
Common Synonyms: Diesel fuel; Gas oil or diesel fuel or heating oil, light [UN1202] No.
2 Home heating oils; API No. 2 fuel oil; EINECS 270-671-4; Fuel oil No. 2; Home
heating oil No. 2; No. 2 burner fuel; Distillate fuel oils, light; Fuel No. 2; Fuel oil (No.

10 ys EPA, http://water.epa.gov/drink/contaminants/basicinformation/ethylbenzene.cfm
11 Us EPA, http://water.epa.gov/drink/contaminants/basicinformation/xylenes.cfm

12 40 CFR Part 423 (Appendix A)—126 Priority Pollutants

13 See footnote 3.
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1,2,4,5 or 6) [NA1993].

e 68476-31-3 Primary Name: Fuel oil, No. 4
Common Synonyms: Caswell No.'* 333AB; Cat cracker feed stock; EINECS 270-673-5;
EPA Pesticide Chemical Code 063514; Fuel oil No. 4; Diesel fuel No. 4.

e 8008-20-6 Primary Name: Kerosene
Common Synonyms: JP-5 navy fuel/marine diesel fuel; Deodorized kerosene; JP5 Jet
fuel; AF 100 (pesticide); Caswell No. 517; EINECS 232-366-4; EPA Pesticide Chemical
Code 063501; Fuel oil No. 1; Fuels, kerosine; Shell 140; Shellsol 2046; Distillate fuel
oils, light; Kerosene, straight run; Kerosine, (petroleum); Several Others.

The use of diesel fuels in oil and gas production applications is not subject to UIC Class Il
permitting requirements in certain cases. Specifically, those cases are non HF activities such as
when diesel fuels are a component of drilling muds or pipe joint compounds used in the well
construction process, or when diesel fuels are used in motorized equipment at the surface.

4 A Caswell No. is an alphanumeric chemical identifier implemented by Robert L. Caswell in the 1960s and 1970s
in conjunction with acceptable common names of pesticides for labeling purposes.
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I11.  Technical UIC Program Requirements and Recommendations
for Application to Hydraulic Fracturing Activities Using Diesel
Fuels

This section of the guidance addresses the questions listed below. For each question, the
document provides a brief summary of the existing federal UIC Class Il Program regulations
followed by the EPA’s recommended approaches for EPA Regional offices to consider when
permitting the use of diesel fuels during HF. This section is not intended to present UIC Class Il
permit requirements in their entirety. Readers seeking more information about Class Il permit
requirements should refer to 40 CFR part 124 and parts 144 through 147.

EPA UIC Program Directors, and the permit writers acting on their behalf, should consider the
recommendations reflected in this section when issuing permits applying the Class Il regulations
for HF activities using diesel fuels under the federal UIC Program. Recommendations are
consistent with the discretion accorded under the existing UIC Class Il regulations, and reflect
existing UIC requirements for other well classes, voluntary industry standards, state rules, and
other model guidelines for hydraulic fracturing. However, permit writers, acting on behalf of the
UIC Director have the discretion to consider alternative approaches that are consistent with
statutory and regulatory requirements. Decisions about permitting HF operations that use diesel
fuels will be made on a case-by-case basis, considering the facts and circumstances of the
specific injection activity and applicable statutes, regulations and case law.

The questions addressed by this guidance are as follows:

e \What Are Considerations in the Submission and Review Process for Diesel Fuels HF
Permit Applications?

e What Information Should Be Submitted with the Permit Application?

e Can Multiple UIC Class 1l Wells Using Diesel Fuels for HF Be Authorized by One
Permit?

e How Should EPA UIC Permit Writers Establish Permit Duration and Apply UIC Class Il
Requirements After HF at a Well Ceases?

e How Do the Area of Review (AoR) Requirements at 40 CFR 146.6 Apply to Wells Using
Diesel Fuels for HF?

e How Do the Class Il Well Construction Requirements Apply to HF Wells Using Diesel
Fuels?

e How Do the Class Il Well Construction Requirements Apply to Already Constructed
Wells Using Diesel Fuels for HF?

UIC Program Guidance #84 7 February 2014
Oil and Gas Hydraulic Fracturing
Activities Using Diesel Fuels





e How Do the Class Il Well Operation, Mechanical Integrity, Monitoring, and Reporting
Requirements Apply to HF Wells Using Diesel Fuels?

e How Do the Class Il Financial Responsibility Requirements Apply to Wells Using Diesel
Fuels for HF?

e What Public Notification Requirements or Special Environmental Justice (EJ)
Considerations are Recommended for Authorization of Wells Using Diesel Fuels for HF?

What Are Considerations in the Submission and Review Process for Diesel Fuels
HF Permit Applications?

Existing Class Il Requirements in 40 CFR parts 124 and 144 through 147:

For the purposes of UIC Class Il permitting, any well injecting diesel fuels for HF is considered
a “new injection well” (40 CFR 144.31), even if it was originally constructed as an oil and gas
production well and requires a UIC Class Il permit (40 CFR part 124 and parts 144 through 147).
Permits for diesel fuels HF are required to be approved prior to commencing all injection-related
activities, including injection, well construction, retrofitting components of an existing well and
commencing the HF process. An owner or operator seeking a UIC permit for injection must
submit an application for a permit as expeditiously as practicable and in a reasonable amount of
time prior to the expected start of construction or injection, as determined by the UIC permit
writer (40 CFR 144.31).

Recommendations for applying existing requirements to HF activities using diesel fuels:

The paragraphs below present the EPA’s recommended approaches for applying the existing
Class Il requirements described above to the permit application submission and review process
for wells where diesel fuels will be used during HF. Recommendations are consistent with the
discretion accorded under the existing UIC Class Il regulations, and reflect existing UIC
requirements for other well classes, voluntary industry standards, state rules, and other model
guidelines for hydraulic fracturing.

EPA UIC Program Directors should establish a process for the timely submission and review
of permit applications consistent with 40 CFR 144.31 that allows sufficient time to review and
authorize the permit prior to initiating HF activities using diesel fuels. The application
timeframe should allow time to evaluate the proposed use of diesel fuels for HF to ensure that
injection will not endanger USDWs. The permit review timeframe should be of a sufficient
duration to allow the EPA UIC permit writer to comprehensively consider all relevant permit
information, such as proposed construction, operation and monitoring plans, to establish
appropriate permit conditions and to include an opportunity for public notice and comment prior
to issuing approval of the UIC Class Il permit for wells using diesel fuels for HF. The EPA will
provide tools, such as checklists, to help owners or operators develop complete permit
applications in order to increase the likelihood of timely review.
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EPA UIC Program Directors should continue to coordinate with state oil and gas programs
and the appropriate Bureau of Land Management (BLM) office to establish a mechanism to
inform owners or operators of applicable UIC Program requirements and application
deadlines. Multiple mechanisms for outreach should be used to notify owners or operators of
expected permit application review and approval timeframes thereby preventing delays for
drilling and construction.

Collaboration among regulatory entities is important so that appropriate parties are aware of
situations where owners or operators plan to use diesel fuels for HF. For example, all parties can
work together to streamline permitting (e.g., between the EPA and BLM on BLM-managed lands
or with state agencies) such as sharing data where compliance requirements and reporting
timeframes are sufficiently compatible for coordination among the various permitting authorities.
Regional EPA UIC Class Il Programs should reach out to their state oil and gas programs to
determine collaborative ways to notify potential owners or operators early regarding the various
permitting requirements that may apply. For example, a check box, notation or UIC Program
contact information can be added to the oil and gas drilling permit application checklist to alert
owners or operators using diesel fuels for HF of the need to apply for a Class 11 UIC permit.

What Information Should Be Submitted with the Permit Application?

Because of the high injection pressures, the potential to induce fractures that may serve as
conduits for fluid migration, and the particular risks associated with diesel fuels, EPA UIC
permit writers must evaluate a variety of factors in reviewing the permit application to ensure
that appropriate safeguards (e.g., permit conditions) are established during the permitting process
to prevent potential contamination of USDWs.

Existing requirements in 40 CFR parts 124 and 144 through 147:

Existing UIC Class Il Program provisions at 40 CFR parts 124 and 144 through 147 require
owners or operators to submit information to the UIC Program Director to consider before
issuing any Class Il permits. Select submission requirements from the existing Class Il
regulations are listed below:

e Maps showing the injection well or project area for which the permit is sought and the
applicable area of review (AoR) showing the number or name and location of all
producing wells, injection wells, abandoned wells and other features (40 CFR
146.24(a)(2));

e All known wells within the AoR™ or zone of endangering influence (ZEI) that penetrate
formations affected by the increase in pressure (40 CFR 146.24(a)(3));

15 See the section entitled “How Do the Area of Review (AoR) Requirements at 40 CFR 146.6 Apply to Wells Using
Diesel Fuels for HF?” for additional information.
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e Data’ on the injection and confining zones including lithologic description, geological
name, thickness and depth and estimated fracture pressures of the injection and confining
zones (40 CFR 146.24(a)(5));

e The location, orientation and properties of known or suspected faults and fractures that
may transect the confining zone(s) in the AoR and a determination that they would not
interfere with containment (40 CFR 146.24(a)(2));

e Geologic name and depth to the bottom of all USDWs, which may be affected by the
injection (40 CFR 146.24(a)(6));

e Well construction schematics including surface and subsurface details (40 CFR
146.24(a)(7));

e Proposed stimulation (fracturing) program (40 CFR 146.24(b)(2)) and the proposed
injection procedure for each stage of the HF (40 CFR 146.24(b)(3));

e Operating data, such as average and maximum daily rate, volume, and injection pressure
of fluids to be injected. The source and an appropriate analysis of the chemical and
physical characteristics of the injection fluid (40 CFR 146.24(a)(4));

e Adetailed chemical plan describing the proposed HF fluid composition,*” and an
appropriate analysis of the chemical and physical characteristics of the HF fluid,
including the volume and range of concentrations for each constituent (40 CFR
146.24(a)(4)(iii));

e Names and addresses of all owners of record of land within one-quarter (¥2) mile of the
well boundary (40 CFR 144.31(e)(9)). In the case of diesel fuels HF this includes the
names and addresses of all owners of record of land within a (%) mile fixed radius around
the wellhead, facility boundary or within the boundaries of the ZEI.

e Appropriate logs and other tests conducted during the drilling and construction of wells
and reports interpreting the results of the tests as described in 40 CFR 146.24(c)(1); and

e A plugging and abandonment plan that meets the requirements of 40 CFR 146.10, which
describes the need to cement a well to prevent fluid movement (40 CFR 144.31(e)(10)).

Recommendations for applying existing UIC requirements to HF activities using diesel
fuels:

The section below presents recommendations for applying the existing requirements described
above regarding information that should be submitted with a permit application for wells where

18 Data may include geo-mechanical characteristics such as: fracture stress, ductility, rock strength, in situ fluid
pressures and others.
7 Owners or operators may make claims of confidentiality regarding this information (40 CFR 144.5).
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diesel fuels will be used during HF. Recommendations are consistent with the discretion
accorded under the existing UIC Class Il regulations, and reflect existing UIC requirements for
other well classes, voluntary industry standards, state rules, and other model guidelines for
hydraulic fracturing.

EPA UIC Program Directors should consider requesting the following information from the
owner or operator, per their authorized discretion under 40 CFR 144.52(a)(9):

e Information about the extent and orientation of the planned fracture network, any nearby
USDWs and their connections to surface waters, if any,® as well as any other
information that can be used to understand, calculate and delineate the extent and
orientation of the fracture system expected to be created by the proposed diesel fuels HF
activity. This includes results from previous HF operations in the area and other empirical
information, models and published studies and reports;

e In situations where permits include a duration that is shorter than the full life of the well,
a pre-permit-expiration monitoring plan that incorporates water quality monitoring in the
AOR may be needed to demonstrate non-endangerment. Monitoring parameters could
include ground water flow and depth; total dissolved solids (TDS); specific conductance;
pH; chlorides; bromides; acidity; alkalinity; sulfate; iron; calcium; sodium; magnesium;
potassium; bicarbonate; detergents; diesel range organics (DRO); benzene, toluene,
ethylbenzene and xylenes (BTEX); isotopic methane and/or radionuclides (40 CFR
144.51(j) and 40 CFR 146.24(a)(4)(iii));

e Information on seismic history, such as the presence and depth of known seismic events
in areas where prior seismic activity would lead the UIC Program Director to be
concerned about endangerment of USDWs (40 CFR 146.24(a)(2));

e Baseline geochemical information on accessible USDWs and other subsurface formations
of interest within the AoR of a Class Il diesel fuels HF well (40 CFR 146.22(b)(2)(i) and
()(2)).* This geochemical information could include parameters such as TDS; specific
conductance; pH; chlorides; bromides; acidity; alkalinity; sulfate; iron; calcium; sodium;
magnesium; potassium; bicarbonate; detergents; DRO; BTEX; isotopic methane and
radionuclides; and

¢ Information related to the anticipated true vertical depth(s) of the formation(s) to be
hydraulically fractured and the anticipated pressure range for the proposed HF
treatment(s).

18 Such information may be best represented on the maps, cross sections or other graphical representations that must
be submitted with the permit application (40 CFR 146.24).

19 These regulations require the characterization of formation fluids through logging and testing that may be needed
given site conditions.
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Can Multiple UIC Class 11 Wells Using Diesel Fuels for HF Be Authorized by
One Permit?

Existing requirements in 40 CFR parts 124 and 144 through 147:

An area permit is an option for authorizing injection where there are multiple wells drilled by
one owner or operator within a well-defined, localized geologic setting. As provided in 40 CFR
144.33(a), an area permit may be authorized in lieu of an individual permit for each well if the
following conditions are met:

e The wells are operated by a single owner or operator;

e The wells are within the same well field, facility site, reservoir, project or similar unit in
the same state; and

e The wells are not used to inject hazardous waste.

The regulations at 40 CFR 144.33(b) also specify what must be included in an area permit. Area
permits must specify the area within which underground injection is authorized and the
requirements for construction, monitoring, reporting, operation and plugging and abandonment
for all wells authorized by the permit. As provided in 40 CFR 144.33(c), the area permit may
authorize the permittee to construct and operate, convert or plug and abandon additional wells
within the permit area provided:

1. The permittee notifies the UIC Program Director at such time as the permit requires;

2. An additional well satisfies the criteria for inclusion in the area permit (40 CFR
144.33(a)) and meets the requirements specified in the permit (40 CFR 144.33(b)); and

3. The cumulative effects of drilling and operation of additional injection wells are taken
into account by the UIC Program Director during evaluation of the area permit
application and are acceptable to the UIC Program Director.

Recommendations for applying existing requirements to HF activities using diesel fuels:

Below are the EPA’s recommendations for applying existing requirements described above
regarding issuing area permits for wells where diesel fuels will be used during HF.
Recommendations are consistent with the discretion accorded under the existing UIC Class Il
regulations, and reflect existing UIC requirements for other well classes, voluntary industry
standards, state rules, and other model guidelines for hydraulic fracturing.
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EPA UIC permit writers should consider issuing area permits for Class Il wells using diesel
fuels for HF provided that all applicable requirements, including any applicable public
notification requirements, are satisfied. Issuing area permits may result in improved permitting
efficiency, especially in areas with large numbers of Class Il wells using diesel fuels for HF.
EPA UIC permit writers should also take into account the total number of proposed wells that
will be covered by the area permit when determining the appropriate financial responsibility
demonstration to ensure that sufficient resources are available to protect USDWs.

How Should EPA UIC Permit Writers Establish Permit Duration and Apply UIC
Class Il Requirements After HF at a Well Ceases?

Existing requirements in 40 CFR parts 124 and 144 through 147:
Under the UIC Program, a well may be:

e Permitted as an active injection well for the life of the facility and subject to all
applicable Class Il requirements (40 CFR 144.36(a));

e Converted out of the UIC Program after injection ceases (meaning the permit duration
ends upon conclusion of HF and post-HF monitoring). UIC regulations at 40 CFR
144.36(c) allow a permit to be issued for a duration less than the full allowable term (i.e.,
the operating life of the facility) indicated at 40 CFR 144.36(a); and 40 CFR 144.51(n)
and 144.52(a)(7)(i)(B) allow for conversion of an injection well out of the UIC Program
in situations where injection has ceased and production operations are occurring. If a well
is converted out of the UIC Program, it is no longer subject to UIC requirements after the
permit expires, but may not conduct future permitted underground injection activities
(i.e., injection of diesel fuels for HF) unless a new permit is obtained; or

e Managed as a temporarily abandoned (TA) injection well during times when injection
ceases or is curtailed. UIC regulations at 40 CFR 144.52(a)(6)(ii) allow for the temporary
or intermittent cessation of injection®® while the permit is active, provided that the owner
or operator describes, and the EPA Regional Administrator (RA) approves, actions and
procedures that the owner or operator will take to ensure that the well will not endanger
USDWs during the period of temporary abandonment.

As described in the section, “Can Multiple UIC Class 1l Wells Using Diesel Fuels for HF Be
Authorized by One Permit,” area permits can also be issued per 144.33. For area permits, EPA
regulations at 40 CFR 144.51(n) state that the UIC Program Director should be notified before
closure of a project, indicating that the duration of the permit should be set so that the area

% The EPA permit writer has the option of ending the permit after the conclusion of injection or managing the well
as TA. Further, regulations state that “temporary or intermittent cessation of injection operations is not
abandonment,” for the purposes of well closure plans (40 CFR 144.51(0)). Therefore, TA wells remain subject to
well closure requirements. For additional guidance, see “Management and Monitoring Requirements for Class Il
Wells in Temporary Abandoned Status” (US EPA, 1992).
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permit does not expire until after the closure of all wells covered by the permit or after the
conversion of all wells to oil and gas production (i.e., out of the UIC Program).

Recommendations for applying existing requirements to HF activities using diesel fuels:

The paragraphs below present the EPA’s recommended approaches for applying the existing
Class Il requirements described above regarding setting the permit duration for wells where
diesel fuels will be used during HF. Recommendations are consistent with the discretion
accorded under the existing UIC Class Il regulations, and reflect existing UIC requirements for
other well classes, voluntary industry standards, state rules, and other model guidelines for
hydraulic fracturing.

EPA UIC Program Directors should consider the following ways of setting the permit duration
for an individual well using diesel fuels for HF:

(1) Set a short duration for the permit, as permissible under 40 CFR 144.36(c), that concludes
after injection ceases and a non-endangerment demonstration is made. Compliance with UIC
permit conditions should be confirmed before the injection permit duration ends and prior to
releasing it from UIC requirements. Note that, as stated above, under this recommendation, an
owner or operator of a production well wishing to refracture the formation using diesel fuels
after the conclusion of the UIC permit would need to receive a new, approved UIC permit before
refracturing can occur. The EPA recommends that the duration of a permit that is less than the
full allowable term still allow adequate time to collect monitoring data that demonstrates that
injection during the HF operation has not endangered USDWs in the project area. This
timeframe is likely to vary, depending on site-specific factors.

(2) Manage the well as temporarily abandoned during periods of oil or gas production (e.g.,
when no injection is occurring). This option may be preferable in situations where the well
owner or operator plans to refracture the formation using diesel fuels at some point in the future.
During a period of temporary cessation of injection, the UIC Program Director may authorize
alternative or reduced requirements for mechanical integrity, operation, monitoring and reporting
other than those required in 40 CFR 146 and 144.52, making them more appropriate to the short-
term nature of HF, to the extent that changes in requirements will not result in an increased risk
of movement of fluid into a USDW (40 CFR 144.16). A well may be considered as meeting the
conditions of 40 CFR 144.16 if:

e Itis not injecting into, or through or above a USDW, or
|21

e Itisinjecting into, or through or above a USDW, but has a ZEI“" that is smaller than the
radius of the well when computed using the formula at 40 CFR 146.6(a).

Either situation could occur when the well is producing (e.g., when no injection is occurring) and
the injection rate is zero. When managing a well as TA, the EPA UIC permit writer should use

%! The ZEl is the lateral area in which the pressures in the injection zone may cause injection or formation fluid to
migrate into a USDW (further described in Appendix B).
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his or her authorized discretion under 40 CFR 144.52(a)(9) to tailor permit conditions on a case-
by-case basis. Permit writers may consider making changes in a number of areas including:
frequency of mechanical integrity testing, monitoring for ground water quality, injection
pressure, flow rate and cumulative volumes monitoring and certain reporting requirements.
However, permit conditions should still ensure that a mechanical integrity test (MIT) is
conducted just prior to returning the well to active injection. In conjunction with the MIT test,
pressure tests and cement bond logs should be submitted to the Director prior to refracturing the
well using diesel fuels.

For area permits, EPA UIC Program Directors should ensure that wells are in compliance
with all aspects of the UIC area permit prior to releasing any from UIC Program
requirements. The EPA UIC Program Director should review the area permit conditions after the
first few wells are drilled and hydraulically fractured to make adjustments, as needed, based
upon any new data collected. Thereafter, permit conditions should be reviewed at least once
every five years for the duration of the area permit.

Properly closing an injection well is critical to assuring the long-term prevention of
contamination of USDWs by eliminating a potential pathway, or pathways, for contamination.
Both the UIC Program and state oil and gas programs require well closure. Coordination should
be feasible because state oil and gas programs typically require closure, plugging and
abandonment activities for production wells that are similar to what the UIC Program requires
for underground injection wells. The owner or operator of a production well who wishes to
refracture a well using diesel fuels that had been released from the UIC Program by being fully
converted to production would need to submit a new UIC permit application.

How Do the Area of Review (AoR) Requirements at 40 CFR 146.6 Apply to Wells
Using Diesel Fuels for HF?

Existing requirements in 40 CFR parts 124 and 144 through 147:

The AoR is the area surrounding an injection well and is defined at 40 CFR 146.3. The AoR
must be determined by one of two methods according to the criteria set forth in 40 CFR 146.6:
(1) determining the ZEI, or (2) using a minimum one-quarter (¥2) mile fixed radius around the
well. In the case of an area permit, the AoR is the project area plus a circumscribing area the
width of which is either ¥ of a mile or a number that is calculated (i.e., ZEI). The EPA UIC
permit writer may solicit input as to which method is most appropriate for each geographic area
or field. If the AoR is determined by modeling, the applicable radius is the result of the
modeling, even if it is less than one-quarter (Y4) mile.

Delineating and evaluating an AoR helps to ensure that there are no conduits in the vicinity of
the injection well that could enable fluids to migrate into USDWSs and identifies conduits which
must be appropriately addressed by corrective action. Before proceeding with the project, the
owner or operator must define the appropriate AoR, assess that area for conduits of potential
fluid movement and if necessary, perform corrective action, such as the plugging of improperly
abandoned and orphaned wells, or re-siting of the planned well to account for any conduits that
could potentially cause migration of contaminants into USDWs.
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Recommendations for applying existing requirements to HF activities using diesel fuels:

The paragraphs below present the EPA’s recommended approaches for applying the existing
Class Il requirements described above, for defining the AoR for wells where diesel fuels will be
used during HF. Recommendations are consistent with the discretion accorded under the existing
UIC Class Il regulations, and reflect existing UIC requirements for other well classes, voluntary
industry standards, state rules, and other model guidelines for hydraulic fracturing.

EPA UIC Program Directors should modify the one-quarter (¥2) mile fixed radius approach to
delineating the AoR so that it prevents endangerment of USDWs. Site-specific AoR
determinations are needed to address the full extent, shape and size of the AoR for HF projects
using diesel fuels based on consideration of geology, operations and directional drilling, which
typically extends beyond one-quarter mile from the wellhead.

Modifying the fixed radius approach may require the EPA UIC permit writer to review past HF
activities in each geographic area or field and consult with the owner or operator about the
design and anticipated results for the fracturing operation. Information needed in determining the
appropriate AoR delineation method includes three-dimensional well orientation and anticipated
fracture length. In addition, multiple wells co-located on the same well pad introduce
complexities into the AoR delineation and assessment process. Thus, owners or operators using
multi-well pads should include length and angle of each directional completion, fracture length
and an estimation of how closely the fractured zone approximates a porous medium. Appendix B
presents methods for calculating the AoR for individual directionally completed wells and
multiple directionally completed wells and provides further discussion of the limitations of the
Theis equation in settings where the well is directionally completed.

The EPA recommends against using the modified Theis equation found at 40 CFR 146.6 to
determine the ZEI for directional wells because directional wells do not meet the equation’s
assumptions for the well, the aquifer conditions and the similarity of hydraulic properties
between the injectate and the in situ groundwater. However, computational models may be a
desirable option. A further brief discussion of ZEI modeling is found in Appendix B: Methods
for Calculating the Area of Review. Appendix B provides clarifications of 40 CFR 146.6 for the
purpose of delineating an AoR for a directionally completed well.

How Do the Class Il Well Construction Requirements Apply to HF Wells Using
Diesel Fuels?

Existing requirements in 40 CFR parts 124 and 144 through 147:

Specific construction requirements for Class Il injection wells, including Class 1l HF wells using
diesel fuels, are found at 40 CFR 146.22. These requirements establish that Class Il wells must
be cased and cemented in a manner that prevents the movement of fluids into or between
USDWs for the life expectancy of the well. EPA UIC permit writers must consider the following
factors in determining casing and cementing requirements for new Class 1l HF wells using diesel
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fuels:

e Geology of the injection and confining zones including the estimated formation fracture
pressure;

e Depth from surface to the injection zone and to the bottom of each USDW down to and
including the lowermost USDW; and

e Proposed operating procedures including maximum and average injection pressures (40
CFR 146.22(b)(1)(iii)).

Recommendations for applying existing requirements to HF activities using diesel fuels:

EPA UIC Program Directors should consider the following recommendations for applying the
existing Class Il requirements described above to ensure that the well is designed and
constructed for the unique geologic environment and planned use of diesel fuels for HF
operations. Recommendations are consistent with the discretion accorded under the existing UIC
Class Il regulations, and reflect existing UIC requirements for other well classes, voluntary
industry standards, state rules, and other model guidelines for hydraulic fracturing.

EPA UIC Program Directors should ensure that a combination of casing and cement isolates
the lowermost USDW encountered in the borehole from HF target formation(s) when
specifying casing and cementing requirements for Class 11 wells using diesel fuels for HF (40
CFR 144.52(a)(9)). Isolating the lowermost USDW encountered through the use of casing and
cement along the entire borehole is consistent with federal requirements for several classes of
injection wells, is recommended in API guidance? and is a requirement for HF wells in several
states. To ensure that the well cement has been emplaced properly and zonal isolation has been
achieved, appropriate logs and other test results such as sonic, temperature, cement bond or other
cement evaluation logs (CELSs) and fracture finder logs should be considered during the drilling
and construction of Class Il HF wells using diesel fuels (40 CFR 146.22).

EPA UIC Program Directors should consider the use and placement of centralizers when
specifying the cementing requirements for Class Il wells using diesel fuels for HF (40 CFR
144.52(a)(9)). Centralizing the casing in the borehole helps to ensure that the casing is more
uniformly encased by cement during the cementing operation which, in turn, helps ensure zonal
isolation that protects USDWs from fluid migration along the wellbore.

To ensure that appropriate precautions are taken to address the high injection pressures
needed for HF, EPA UIC Program Directors should consider requesting the following
information to assist in specifying casing and cementing requirements:

e A description of the geologic formations overlying the production zone and whether they
might contain gas, oil or other potentially mobile contaminants that should be isolated

22 AP| Guidance recommends that surface casing, at a minimum, be set at least 100 feet below the deepest USDW
encountered (API, 2009).
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from the well by cement. Isolating zones of potential contaminants would decrease the
risk of endangerment to USDWs from movement of contaminants into nearby USDWs;

e A review of well construction plans to consider and address potential pathways for fluid
migration between any gas-bearing zones and USDWs including identification of layers
that may release hydrocarbons into the drilling fluids and into USDWs. For example, if
surface casing is not installed properly prior to drilling, shallow gas may migrate upwards
through the borehole and may potentially impact USDWs;

e The physical and chemical characteristics of the formation fluids in the injection zone
and the proposed characteristics of the well such as the size of the borehole, which are
needed to determine appropriate construction materials for the use and life of the well.
Construction materials should maintain integrity over the life of the well in order to
protect USDWs;

e Location and operating procedures of other active injection wells or wells undergoing HF
in the AoR or nearby injection zones. Pressures external to the well coupled with
injection pressure may cumulatively affect the integrity of the construction materials and
fracture pressure of the injection zone. Exceeding the capability of the construction
materials would cause failure of mechanical integrity and possible leaks of fluids into
USDWs. Exceeding the fracture pressure of the injection zone risks fracturing confining
zones and creating conduits for fluids to move into USDWs;

e Data on sizes and grades of the casing string and classes of cement to be used in
construction (40 CFR 146.22(b)-146.22(g)); %

e The proposed cementing plan to ensure proper cement design and volume. Related
information of particular importance includes the capability of the typically lower-density
“lead” cement to adequately isolate overlying USDWs, which would assist in evaluating
if the higher-density and compressive-strength “tail” cement coverage should be modified
(placed higher) to effectively isolate and afford appropriate protection of overlying
USDWs; and

e Additional information to ensure that long, multi-well pad horizontal wells will be
constructed in a protective manner.

The EPA UIC permit writer may also consider additional testing requirements to demonstrate
that the well maintains mechanical integrity before, during and after the use of diesel fuels for
HF injection event (40 CFR 144.52), as described in the section titled “How Do the Class 11 Well
Operation, Mechanical Integrity, Monitoring, and Reporting Requirements Apply to HF Wells
Using Diesel Fuels?”

ZAP| recommends that casing used in oil and gas wells that will be hydraulically fractured meet API standards,
including API Specification 5CT (API, 2005).
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Different considerations may apply for already constructed wells. (See “How Do the Class 1l
Well Construction Requirements Apply to Already Constructed Wells Using Diesel Fuels for
HF?” for applicable information on already constructed wells.)

How Do the Class 11 Well Construction Requirements Apply to Already
Constructed Wells Using Diesel Fuels for HF?

Existing requirements in 40 CFR parts 124 and 144 through 147:

Wells constructed prior to issuance of this guidance (i.e., already constructed wells) may have
been constructed and operated under requirements other than the federal UIC Class Il
requirements. EPA UIC permit writers, under 40 CFR 146.22(c), may authorize an already
constructed well for Class Il injection activities if the owner or operator can demonstrate that
injection will not result in movement of fluids into a USDW so as to create a significant risk to
the health of persons. The demonstration might include requiring the owner or operator to obtain
downhole logs and internal and external MITs prior to any HF injection activities using diesel
fuels to ensure that well construction will prevent fluid migration into USDWs.

Recommendations for applying existing requirements to HF activities using diesel fuels:

The EPA UIC permit writer should consider the following recommendations for applying the
existing requirements described above, when permitting already constructed wells as UIC wells
for HF using diesel fuels. Recommendations are consistent with the discretion accorded under
the existing UIC Class Il regulations, and reflect existing UIC requirements for other well
classes, voluntary industry standards, state rules, and other model guidelines for hydraulic
fracturing.

EPA UIC Program Directors should ensure the owner or operator applies relevant
construction-related requirements to already constructed Class Il HF wells using diesel fuels
to protect USDWSs during injection for HF using diesel fuels (40 CFR 144.52(a)(9)). EPA UIC
permit writers should consider consulting with the oil and gas agency that may have permitted
the well (e.g., during past production operations) to learn about the well’s compliance history or
other relevant information in order to make permit determinations about the appropriateness of
permitting the well for UIC Class 11 diesel fuels HF use.

Some already constructed oil and gas wells may not provide an adequate level of protection for
USDWs when undergoing the use of diesel fuels for HF-related injection due to either the age of
the well or to less stringent well construction standards that were in place when the well was
constructed. For example, an older well may not be cemented to the lowermost USDW
encountered or construction may not be adequate to withstand proposed injection pressures
anticipated during the use of diesel fuels for HF. If a well does not provide adequate protection
for USDWs, then the EPA UIC permit writer should require the owner or operator to perform
actions to ensure that USDWs are not endangered. Actions to repair a well include, but are not
limited to, replacing the injection well tubing or cementing across specific sections of the well
that intersect potentially vulnerable formations to decrease the risk of fluid movement. If
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corrective measures are not sufficient to protect USDWSs, the EPA UIC permit writer should not
issue a permit, consistent with 40 CFR 144.12.

How Do the Class Il Well Operation, Mechanical Integrity, Monitoring and
Reporting Requirements Apply to HF Wells Using Diesel Fuels?

Well Operation
Existing requirements in 40 CFR parts 124 and 144 through 147:

Injection well operating requirements for Class 11 wells are found at 40 CFR 146.23(a). They
require that, at a minimum, injection pressure should be limited so that injection does not cause
the propagation of new fractures in confining zone(s) adjacent to USDWs. The purpose of these
requirements is to ensure that the integrity of confining zones protecting USDWs is maintained
and that injection pressures do not cause the movement of injection or formation fluids into
USDWs. In addition, the EPA UIC permit writer should consider the following
recommendations when permitting these wells as UIC wells for HF using diesel fuels.

Recommendations for applying existing requirements to HF activities using diesel fuels:

The paragraphs below present the EPA’s recommended approaches for applying the existing
requirements described above, regarding the operation of wells where diesel fuels will be used
during HF. Recommendations are consistent with the discretion accorded under the existing UIC
Class Il regulations, and reflect existing UIC requirements for other well classes, voluntary
industry standards, state rules, and other model guidelines for hydraulic fracturing.

EPA UIC Program Directors should consult with the owner or operator about the design and
anticipated results of a proposed fracturing operation. It is important to establish operating
requirements that are appropriate for the proposed use of diesel fuels for HF operations and that
account for past HF activities in each geographic area or field. Historical production and HF
activities may have created fracture networks that will interact with future HF operations using
diesel fuels. Awareness of the existing fracture network and anticipation of fracture interactions
when designing new HF operations will decrease the risk of endangerment to USDWSs. The
consultation increases the ability for owners or operators to incorporate recommended
approaches into the modeling often used to design and determine parameters of a proposed use
of diesel fuels for HF operation.

EPA UIC Program Directors should consider construction design and geologic conditions
when determining the maximum injection pressure for a UIC permit ((40 CFR 144.52(a)(9)
and 40 CFR 146.23(a)(1)). EPA UIC permit writers should examine the fracture gradient of the
injection zone and other intervening geologic zones to determine fracture pressure and to avoid
damage to the confining zone, which acts as a barrier to protect USDWs. Calculations of
maximum injection pressure should also consider the properties of the construction materials to
withstand HF.
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EPA UIC Program Directors should ensure that wells used for diesel fuels for HF incorporate
appropriate controls (e.g., pressure limitations) so that integrity of the confining zone(s)
protecting USDWSs are maintained in order to comply with 40 CFR 146.23. Many oil and gas
extraction practices tend to reduce pressures in the formation, and typical oil and gas production
regulations are designed for these circumstances while typical injection activities, including the
use of diesel fuels for HF, in general, increase formation pressures. UIC Program regulations and
associated permit conditions generally address risks associated with pressure increases.

Mechanical Integrity Testing

MITs ensure that the protective physical components of the well are competent prior to injection
and over the life of the injection well. High injection pressures, such as those occurring during
HF, have the potential to damage the mechanical integrity of the well causing leaks, which may
allow for the migration of fluids into USDWs. Injection well integrity must be maintained at all
times during HF using diesel fuels and during any subsequent refracturing events.

Existing requirements in 40 CFR parts 124 and 144 through 147:

The mechanical integrity requirements, found at 40 CFR 146.8, describe methods for
demonstrating mechanical integrity of well tubular components, or internal mechanical integrity,
and the cement around the well casing, or external mechanical integrity, over the life of the
injection well.

Recommendations for applying existing requirements to HF activities using diesel fuels:

The paragraphs below present the EPA’s recommended approaches for applying the existing
Class Il requirements described above with regard to ensuring mechanical integrity of wells
where diesel fuels will be used during HF. Recommendations are consistent with the discretion
accorded under the existing UIC Class Il regulations, and reflect existing UIC requirements for
other well classes, voluntary industry standards, state rules, and other model guidelines for
hydraulic fracturing.

To account for the unique nature of diesel fuels HF injection—including high pressures
involved, high volumes of fluids, and the use of diesel fuels—EPA UIC permit writers should
also consider incorporating into permit conditions the procedures listed below consistent with
40 CFR 144.52(a)(9) and 40 CFR 146.8(a)(1) to ensure that there is no significant leak in the
casing and when applicable, tubing and packer through the following methods:

e Perform casing integrity tests of casing strings (surface, intermediate and when
necessary, the production casing) prior to drilling out beneath each casing shoe at a
pressure that will determine if the casing integrity is adequate to meet well design and
construction objectives. Report tests results to the EPA UIC Program Director along with
the well completion report (40 CFR 144.51(m));
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Perform formation pressure tests immediately after drilling out the surface, intermediate,
and production casings and report tests results to the EPA UIC Program Director along
with the well completion report (40 CFR 144.51(m));

Conduct a casing integrity test of the production casing, or a Standard Annular Pressure
Test (SAPT) for wells with a tubing and packer arrangement, at pressures equal to or
exceeding the maximum expected pressure during HF operations® prior to perforating
and fracturing the well to ensure that the pressure during stimulation does not
compromise the integrity of the casing. The EPA UIC Program Director should consider
the production casing integrity test/SAPT prior to approving HF operations using diesel
fuels (40 CFR 146.24(c)); and

Equip the wellhead with pressure recording devices on all available annuli and injection
strings with a gauge pressure rating adequate to monitor well construction performance
during HF operations that use diesel fuels.

To account for the unique nature of diesel fuels HF injection, EPA UIC permit writers should
also consider incorporating into permit conditions the procedures listed below consistent with
40 CFR 144.52(a)(9) and 40 CFR 146.8(a)(2) to ensure that there is no significant fluid
movement in channels adjacent to the well bore through cement integrity evaluation using the
following methods:

During well construction, monitor and record the volume, flow rate, density and treating
pressure of cement operations; and

Submit a CEL with the notice of completion of construction (40 CFR 144.51 (m)) for
review and approval by the EPA UIC Program Director; CELs can provide an assessment
of the presence or absence of cement and how effectively cement is bonded to the pipe.
Acceptable CELs include, but are not limited to: radial cement bond log, ultrasound
imager, magnetic resonance imager and isolation scanner.

2% |f testing at the maximum expected fracturing pressure is reasonably expected to harm the production formation
below the casing shoe, the UIC Program Director may authorize testing at a lower pressure.
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To account for the unique nature of diesel fuels HF injection, EPA UIC permit writers should
also consider the following consistent with 40 CFR 144.52(a)(9) and 40 CFR 146.8 to assess
mechanical integrity and ensure USDW protection during diesel fuels HF:

e Request the permittee to report to the EPA, verbally within 24 hours and with written
confirmation that includes certification and documentation of remedial cementing®
within 48 hours if a casing integrity test, a formation pressure test, cementing records or a
CEL provides indication of inadequate cementing or a failure. Certification and
documentation of remedial cementing that indicates adequate cement bonding must be
submitted to the EPA for review and approval prior to resumption of operations;

e Request additional mechanical integrity testing such as noise logs, oxygen activation
logs, temperature logs and other logs approved by the EPA UIC Program Director if the
results of a diesel fuels HF well’s pressure testing and/or CELs do not confirm that there
IS no significant leak in the casing, tubing or packer of the injection and that there is no
significant fluid movement into a USDW through vertical channels adjacent to the
injection well bore (40 CFR 146.8);

e Once adiesel fuels HF well has been converted to production, waive the Class Il
requirement at 40 CFR 146.23(b)(3) to conduct MITs every five years during the life of
the well, if doing so will not result in an increased risk of movement of fluids into
USDWs per discretion at 144.16; and

e As necessary, adjust requirements for mechanical integrity testing to confirm compliance
with UIC permit conditions and non-endangerment of USDWs before expiration of the
injection permit (40 CFR 144.51 (q)(1)).

Monitoring and Reporting

The collection and review of monitoring data enables EPA UIC permit writers to confirm that
the well is operating safely as expected and within the established parameters of the permit.

Existing requirements in 40 CFR parts 124 and 144 through 147:

Existing Class Il regulations for monitoring and reporting before, during and after a Class 11 well
commences operation, are found at 40 CFR 146.23(b) and 40 CFR 144.51 and are summarized in
Table 1. The UIC permit writers can use their discretion at 40 CFR 144.52(a)(9) to allow
flexibility in setting permit conditions for monitoring and reporting in certain site-specific
conditions where alternative approaches can be demonstrated to be as effective at preventing
migration of fluids into USDWs. Also, the UIC Program Director under (40 CFR 144.16) may

% Remedial cementing operations may be done in accordance with methods pre-approved by the EPA UIC Program
Director as provided under UIC Class Il permit conditions. Per the EPA UIC Director’s discretion, certification and
documentation of pre-approved remedial cementing operations may be included in the well completion report (40
CFR 144.51 (m)). Remedial cementing operations not included in the pre-approved methods shall be submitted for
approval to the EPA UIC Program Director before proceeding.
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authorize less frequent monitoring during certain phases of the permit such as during production
periods for diesel fuels HF wells under temporary abandonment status.

Recommendations for applying existing requirements to HF activities using diesel fuels:

Below are the EPA’s recommended approaches for applying the existing Class Il requirements
described above, with regard to monitoring and reporting for wells where diesel fuels will be
used during HF. Recommendations are consistent with the discretion accorded under the existing
UIC Class Il regulations, and reflect existing UIC requirements for other well classes, voluntary
industry standards, state rules, and other model guidelines for hydraulic fracturing.

EPA UIC Program Directors should modify monitoring and reporting protocols, consistent
with their authorized discretion under 40 CFR 144.52(a)(9), so that the permit writer has
adequate information to determine that each planned HF operation using diesel fuels will not
endanger USDWs, including:

e Monitoring pump rate, pressure, volume and viscosity of the fracturing fluid to evaluate
the results of the diesel fuels HF operation, such as fracture vertical length and lateral
extent to confirm the protection of USDWs during diesel fuels HF. Data that can be
collected during the treatment operation to monitor and control operations in real-time
include continuously monitored surface injection pressure, injection rate and volume,
slurry rate and percentage proppant. An owner or operator may also choose to use
microseismic and tiltmeter surveys as suggested in API guidance?® to achieve real-time
mapping of a HF treatment in progress;

e Allowing flexibility in monitoring and reporting protocols to address the intermittent, or
infrequent, nature of HF using diesel fuels wells while remaining protective of USDWs;
and

e Utilizing alternative and supplemental monitoring data (e.g., micro-seismic or tiltmeter
data), where appropriate.

% API Guidance (API, 2009).
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Table 1. Existing Class 11 Diesel Fuels Hydraulic Fracturing Well Monitoring and
Reporting Requirements®’

significant leak in
casing, etc., and
absence of fluid
movement into
USDWs

Required Activity Required Timing RecE)rrinmn?ﬁgded Purpose
Conduct appropriate During drilling and Same Provides data and information
logging and testing to construction on the subsurface, including
assess USDWs, injection the location of injection zones,
zones, confining zones confining zones and adjacent
and adjacent formations; formations; informs permitting
prepare a report decisions to prevent migration
= synthesizing logging and of injected fluids into USDWSs
S testing results [40 CFR and ensure USDW protection
= 146.22(f)]
§ Monitor the nature of At a frequency Same Provides an understanding of
o injected fluids [40 CFR |sufficient to yield data the potential risks of fluid
S 146.23(b)(1)] representative of the migration
g fluid characteristics
‘c:cs Monitor injection At least monthly Continuously during |Ensures protective injection
& |pressure, flow rate and diesel fuels HF well operational parameters are
o cumulative volume [40 injection; the EPA  |met
CFR 146.23(b)(2) (ii)] UIC permit writer
may use discretion
to adjust the
frequency of
monitoring
thereafter
Conduct mechanical Prior to being Prior to being Determines well component
integrity testing [40 CFR |authorized to inject authorized to inject  |integrity and/or if corrective
146.8(b)(1); 40 CFR and at least once and if pressure action is needed to prevent
146.23(b)(3)] every five years testing and/or CELs |vertical migration through the
- during the life of a cannot confirm well bore
S project absence of

Conduct pre-permit

CFR 144.52(a)(9)]

Pre-permit
Expiration

expiration monitoring [40

At location and
frequency as
approved by the EPA
UIC Director in the
pre-permit expiration
monitoring plan and
in permit conditions

Same

Establishes groundwater
quality conditions before and
after diesel fuels HF to
demonstrate non-migration of
fracturing fluids and detect
potential changes in quality
resultant from the fracturing
activity

2" This table lists current requirements for monitoring and reporting and adjustments for diesel fuels HF Class I
wells that the EPA recommends that permit writers consider.
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Recommended

collected under
146.23(b)(1) before,
during and after a Class
11 well (including Class Il
HF wells using diesel
fuels) commences
operation [40 CFR
146.23(0b)]

Reporting and Record-Keeping

type and
characteristics of the
activity being
monitored

Required Activity Required Timing Timing Purpose
Report any emergency or | Verbally, within 24 Same Provides for timely initiation
noncompliance event hours; in writing, of remedial action
which may endanger within five days of an
human health or the emergency or
environment [40 CFR noncompliance event
144.51(k)(6)]
Notify the EPA UIC After well Same Provides the EPA UIC
Program Director that construction Program Director information
construction is complete |completion to ensure well construction is
and await approval protective of USDWs prior to
before commencing operation
injection [40 CFR
144.51(m)]
Report information Varies, depending on | Same Ensures maintenance of well

integrity so that injected fluids
do not migrate into USDWs;
informs remedial action, if
needed

Submit a summary report
of all monitoring® [40
CFR 146.23(c)(1) & (2)]

Annually

As determined by
permit conditions and
waived at the
discretion of the EPA
UIC Program
Director thereafter

Allows the EPA UIC Program
Director to review activities
and ensure the permit
conditions are met

Retain all calibration and
maintenance records;
original strip chart
recordings for continuous
monitoring; copies of all
reports required by the
permit and data used to
complete the permit
application; and
monitoring records on the
nature and composition
of all injected fluids [40
CFR 144.51()(2)(i)

& 40 CFR 144.51(j)(2)

(iD]

Record Retention

Retain for three years
from the date of the
sample, procedure,
measurement, report®®
or application.

Retain information on
the nature and
composition of all
injected fluids until
three years after the
completion of any
plugging and
abandonment,

Same

Confirms safe and protective
injection; informs future
activities in the AoR and any
necessary remedial action

8 Owners or operators of enhanced recovery wells may report on a field or project basis rather than an individual

well basis.

# For EPA-administered programs, the owner or operator shall retain records beyond three years, unless records are

delivered to the RA or the RA gives written approval to discard them.
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Recommended

Required Activity Required Timing Timing Purpose
Maintain results of all Until the next permit | Same Confirms USDW protection
monitoring [40 CFR review during injection; informs
146.23(b)(4)] future activities in the AoR and

any necessary remedial action

How Do the Class Il Financial Responsibility Requirements Apply to Wells
Using Diesel Fuels for HF?

Existing requirements in 40 CFR parts 124 and 144 through 147:

Like other classes of injection wells, the Class Il regulations require a demonstration of financial
responsibility (or available resources) before any operation can be performed (including the use
of diesel fuels for HF operations). Regulations for Class 1l wells require a demonstration of
financial responsibility to cover the costs of closing, plugging and abandoning an underground
injection well (40 CFR 144.52(a)(7)). The demonstration and maintenance of financial
responsibility is a permit condition that is required until: (a) the well is closed in accordance with
an approved plugging and abandonment plan; (b) the well has been converted to production (i.e.,
no longer injecting for the purposes of the UIC Program); or (c) the transferor of a permit has
received notice from the EPA UIC Program Director that the new permittee has demonstrated
financial responsibility for the well (40 CFR 144.52(a)(7)). Submission of surety bonds, financial
statements or acceptable materials to show evidence of financial responsibility is required.

EPA UIC permit writers may periodically require revisions to the financial responsibility
demonstration. This includes an update to the cost estimate of the resources needed to plug and
abandon the well to reflect inflation of such costs.

Class Il wells using diesel fuels for HF operations will at some point cease injection and begin
oil and gas production. Financial responsibility must be maintained under the UIC permit until
the well has been properly closed and plugged or for the duration of the permit in cases where
wells are converted out of the UIC Program and into oil and gas production. (See “How Should
EPA UIC Permit Writers Establish Permit Duration and Apply UIC Class Il Requirements After
HF at a Well Ceases?” for applicable information on permit duration and well conversion.)

Recommendations for applying existing requirements to HF activities using diesel fuels:

The paragraphs below present the EPA’s recommended approaches for applying the existing
requirements described above, to ensuring financial responsibility for wells where diesel fuels
will be used during HF. Recommendations are consistent with the discretion accorded under the
existing UIC Class Il regulations, and reflect existing UIC requirements for other well classes,
voluntary industry standards, state rules, and other model guidelines for hydraulic fracturing.

The EPA UIC Program Director should thoroughly examine proposals that use a financial
test or corporate guarantee for self-insurance. Compared to third-party instruments (e.g., trust
fund, surety bond, letter of credit), self-insurance may pose a higher risk of instrument failure
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(US EPA, 2005; U.S. Government Accountability Office, 2005). If an owner or operator selects
self-insurance, EPA UIC permit writers should evaluate whether the risk of instrument failure is
acceptable for ensuring that USDWs will not be endangered.

The EPA UIC Program Director should include coverage for the total number of wells in an
area permit for Class 11 wells using diesel fuels for HF (i.e., the sum of costs for each well
covered by an area permit) when determining the extent of financial responsibility required.
An acceptable financial responsibility demonstration will indicate that the face value of the
financial instrument (i.e., third party financial instruments or self-insurance demonstration)
meets or exceeds the plugging costs specified in the Plugging and Abandonment Plan (EPA
Form 7520-14) for all wells.

The EPA UIC Program Director should ensure that owners or operators refer to previously
published guidance on the EPA-administered UIC Programs for additional context on the
recommendations related to financial responsibility with respect to the use of diesel fuels for HF
described in this guidance (US EPA, 1990).

What Public Notification Requirements or Special Environmental Justice (EJ)
Considerations are Recommended for Authorization of Wells Using Diesel Fuels
for HF?

Requirements in 40 CFR parts 124 and 144 through 147:

Public notification requirements for all UIC well classes are addressed in 40 CFR Part 124.
Under these requirements, the EPA UIC Program Director must give notice to the public of all
permit actions (including those for HF activities using diesel fuels), including when a permit has
been tentatively denied, a draft permit has been prepared, a hearing has been scheduled or an
appeal has been granted. The public must be given 30 days to comment on a draft permit and 30
days’ notice of a planned hearing (40 CFR 124.10). During the 30-day comment period for a
draft permit, any interested person may request a hearing (40 CFR 124.11). Public notice of a
public hearing may be given at the same time as public notice of the draft permit, and the two
notices may be combined (40 CFR 124.10(b)). The public notification requirements were
established to enable interested stakeholders to give input into the UIC permitting process.

Recommendations for applying existing requirements to HF activities using diesel fuels:

Below are the EPA’s recommendations for applying the existing requirements described above,
with regard to improving public information available about the use of diesel fuels for HF
operations and incorporating environmental justice (EJ) concerns. Recommendations are
consistent with the discretion accorded under the existing UIC Class Il regulations, and reflect
existing UIC requirements for other well classes, voluntary industry standards, state rules, and
other model guidelines for hydraulic fracturing.

The owner or operator and EPA UIC Program Director should begin planning for public
notification as soon as a new injection well is proposed to give the maximum amount of time
for effective communication while not affecting the project schedule. Public participation will
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help permitting authorities understand public concerns about these projects. Public participation
activities will also give the public an opportunity to gain a clearer understanding of the benefits
and risks of the planned use of diesel fuels for HF activity. By beginning outreach early, both the
EPA UIC permit writer and the owner or operator will have more flexibility to consider and
address stakeholder concerns. Earlier stakeholder outreach can help mitigate controversial issues
and avoid litigation and project delays. One way to achieve earlier public notification is to build
on requirements at 40 CFR 144.31(e)(9), which specify that permit applicants to the EPA-
administered programs should identify and submit with the permit application the names and
addresses of all land owners within one-quarter mile of the facility boundary, unless waived by
the EPA UIC Program Director. The EPA UIC permit writer could request owners or operators
to obtain land owner contact information required in the permit application and also send out
project details to local land owners and nearby public officials, including public water supply
system operators, regarding the proposed use of diesel fuels for a HF project in advance of
submitting the permit application.

Other options EPA permit writers could consider, include, but are not limited to:

e Scheduling a hearing concurrently with the public notice of draft permit in areas where
hearing requests are expected; and

e Coordinating application submission for multiple permits from multiple owners or
operators to issue one public notice and hold one comment period and/or hearing for
multiple permits in a given production area or similar geographic delineation.

The EPA UIC Program Director should make available on the EPA website the draft permit
as specified by 40 CFR 124.6 including the contact information for an EPA official to whom
members of the public could direct their comments. If the UIC Program Director tentatively
decides to issue a UIC permit, a draft permit must be prepared and publicly noticed. The EPA
has historically made these draft permits available through a variety of methods. Draft permits
contain information that the public is often most concerned about: permit conditions, monitoring
and reporting requirements, compliance schedule, corrective actions and more. In addition, all
draft permits are required to be accompanied by a statement of basis (40 CFR 124.7) or fact sheet
(40 CFR 124.8).

The EPA UIC Program Director and owners or operators should make a special effort to
consider Environmental Justice in the permitting process for the use of diesel fuels for HF.
The following sub-section, “Incorporating Environmental Justice Considerations,” provides a
description of how this could be done.

Incorporating Environmental Justice Considerations

Presidential Executive Order 12898, Federal Actions to Address Environmental Justice in
Minority Populations and Low-Income Populations (59 FR 7269, Feb. 16, 1994), states that
“federal agencies shall make achieving environmental justice part of its mission by identifying
and addressing, as appropriate, disproportionately high and adverse human health or

UIC Program Guidance #84 29 February 2014
Oil and Gas Hydraulic Fracturing
Activities Using Diesel Fuels





environmental effects of its programs, policies and activities on minority populations and low-
income populations in the United States and its territories....”

The EPA’s comprehensive Plan EJ 2014: Considering Environmental Justice in Permitting is
the agency’s roadmap to integrating EJ into its programs and policies. Plan EJ 2014 is intended
to enable environmental justice (EJ) communities to have full and meaningful access to the
permitting process and to develop permits that address EJ issues to the greatest extent
practicable. This is the implementation plan for developing a suite of cohesive tools and
providing a public database of many other tools to serve as a resource for the EPA and all
interested stakeholders to utilize during the permitting process. Potential tools in development
include guidance, best practices and fact sheets on permit processes, public involvement and
communication, permit conditions and interagency protocols. EPA UIC permit writers should
consult Plan EJ 2014 and other resources and work with owners or operators to reduce or
mitigate any potential EJ impacts of a proposed use of diesel fuels for HF activity. Up-to-date
information on completed and pending EJ tools and details on the EPA’s progress on
implementing EJ 2014 are available in the Plan EJ 2014: Progress Reports*'. Appropriate efforts
in this regard are particularly important in light of the widespread interest in, or concern about
impacts of HF on communities.

Implementation

EPA Regional Offices directly implementing the UIC Class Il Program should consider the
recommendations in this guidance in permitting HF activities that use diesel fuels to ensure
protection of USDWs. However, EPA permit writers have the discretion to consider alternative
approaches that are consistent with the statutory and regulatory requirements. EPA Regional
Offices should continue to coordinate with state oil and gas programs and the appropriate BLM
office and to establish a mechanism to inform owners or operators of applicable UIC Program
requirements and application deadlines. In addition, EPA Regional Offices should collaborate
with appropriate regulatory entities to streamline permitting (e.g., between the EPA and BLM on
BLM-managed lands or with state agencies) such as sharing data where requirements and
reporting timeframes are compatible for coordination among the various permitting authorities.

% US EPA, http://www.epa.gov/environmentaljustice/plan-ej/permitting.html
31 US EPA, http://www.epa.gov/compliance/ej/resources/policy/plan-ej-2014/plan-ej-progress-report-2013.pdf
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Pathways of Contamination and UIC Requirements Designed to
Mitigate Risks to USDWs

The fundamental purpose of the UIC Program is to prevent the contamination of current and
potential underground sources of drinking water (USDWSs) by keeping injected fluids within the
injection well and the intended injection zone. There are six major pathways by which injected
fluids can migrate into USDWs, as follows:

1. Migration of fluids through a faulty injection well casing;
2. Migration of fluids through the annulus located between the casing and well bore;
3. Migration of fluids from an injection zone through the confining strata;

4.  Vertical migration of fluids through improperly abandoned and improperly completed
wells;

5. Lateral migration of fluids from within an injection zone into a protected portion of that
stratum; and

6.  Direct injection of fluids into or above an Underground Source of Drinking Water.

More detail about each pathway and the major technical UIC requirements developed to mitigate
the associated risks to USDWs are provided below.

Pathway 1 — Migration of Fluids Through a Faulty Injection Well Casing

Injection well casing serves multiple functions. It supports the well bore to prevent collapse of
the hole and resultant loss of the well; serves as the conduit for injected fluids from the land
surface to the intended injection zone; and supports other components of the well. If a well
casing is defective or compromised, injected fluids may leak through it, potentially resulting in
USDW endangerment.®? To prevent migration of fluids through the casing, well casing should
be sufficient to prevent the movement of fluids into any USDWs.

UIC regulations require injection well owners or operators to comply with specific operational
requirements designed to minimize migration of fluids through the casing. Foremost among
these are the requirements to demonstrate and maintain mechanical integrity (40 CFR 146.8). A

1 US EPA. January 1977. The Report to Congress, Waste Disposal Practices and Their Effects on Ground Water,
Sections XI, XI1I (“Report to Congress”).

2 US EPA. December 1977. An Introduction to the Technology of Subsurface Wastewater Injection. Chapter 7
(“Subsurface Wastewater Injection”).
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MIT is used to verify mechanical integrity of the well and confirm the absence of significant
leaks.>*

Well integrity can be demonstrated by testing for the absence of significant leaks in the casing,
tubing, or packer and the absence of significant fluid movement into USDWSs. The regulations, at
40 CFR 146.8, afford owners or operators and Directors options of tests that may be used to
detect leaks and fluid movement.

A second protective feature of the UIC Program regulations is that injection wells are
constructed with tubing and packer, fluid seal or an approved alternative. Tubing and packer well
construction is employed to isolate the casing of the well from injected fluids. Preventing contact
between casing and injected fluids reduces the potential for movement of fluids through leaks in
the casing and into USDWs.

Pathway 2 — Migration of Fluids Through the Annulus Located Between the
Casing and the Well Bore

A second potential pathway by which contaminants can reach USDWs is the upward migration
of fluids through the annulus.® Under usual injection conditions, injected fluids leave the
injection well and enter a stratum that allows the entry of the fluids to varying degrees.® Because
fluids tend to take the path of least resistance, unless properly contained, they may travel through
the wellbore annulus. If sufficient injection pressure exists, the injected fluids could flow into an
overlying or underlying USDW.

Measures for the prevention of fluid migration through the annulus (Pathway 2) are the same as
those discussed previously for Pathway 1 mitigation. Injection well owners or operators must
demonstrate to the satisfaction of the UIC Program Director that there is no significant fluid
movement into or between USDWs through the annulus. MITs must be conducted to confirm
well integrity and the absence of fluid movement (40 CFR 146.8).

Pathway 3 — Migration of Fluids from an Injection Zone Through the Confining
Strata

The third migration pathway the UIC requirements are designed to prevent is fluid migration
from the injection zone, through the confining zone, into overlying or underlying USDWs. Upon
entry into an injection zone, fluids injected under pressure typically travel away from the well
laterally into the receiving formation. In limited situations, if the confining stratum which
separates the injection zone from an overlying or underlying USDW is either fractured or
permeable, the fluids may migrate out of the receiving formation and into USDWs.

¥ See requirements at 40 CFR 146.8.

* Geraghty and Miller, Inc. April 30, 1980. Mechanical Integrity Testing of Injection Wells.

> The space between the drilled hole/borehole and the injection well casing.

® Resistance results from friction created by extremely small openings (pores) in the materials which comprise the
injection zone.
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The UIC regulations include site characterization, site selection, operation and permitting
requirements to prevent fluid migration into USDWs through the confining zone. The regulations
require owners or operators to collect and submit comprehensive, site- and project-specific data
including information on the geologic characteristics of the injection zone and confining zone(s)
to the UIC Program Director for review prior to permit issuance (40 CFR 146.14(a)(l),
146.24(a)(l), 146.34(a)(l)). Historical data may assist EPA UIC permit writers in evaluating an
injection well site. An injection well permit should only be issued upon the EPA UIC permit
writer’s finding that the injection zone is appropriate to receive and retain the injectate and that
the confining zone(s) are appropriately characterized and sufficient to contain fluids in the
injection zone.

The regulations require that well injection pressure be controlled to prevent opening fractures in
the confining strata or otherwise cause the rise of fluids out of the injection zone and into
USDWs (40 CFR 146.23(a)). These requirements afford the UIC Program Director discretion to
establish injection pressures appropriate for the injection operation.

Pathway 4 — Vertical Migration of Fluids Through Improperly Abandoned and
Improperly Completed Wells

UIC site characterization and permitting requirements are designed to mitigate risks associated
with fluid migration through improperly abandoned and improperly completed wells into
USDWs (Pathway 4). Such migration could occur if fluids move laterally within an injection
zone, encounter improperly abandoned or completed wells and flow upward within the well into
an overlying USDW or reach the surface. Due to the large number of wells drilled in the past and
limitations on historical records, mitigation of fluid movement through this pathway is critical.

To prevent fluid migration through improperly abandoned or improperly plugged wells into
USDWs, the regulations require owners or operators to delineate an AoR for each injection well
or operation and to identify and locate all wells within the AoR and correct any problems related
to improperly abandoned or improperly completed wells before commencing injection.

Pathway 5 — Lateral Migration of Fluids from Within an Injection Zone into a
Protected Portion of that Stratum

In most geologic settings and injection scenarios, the injection zone of a particular injection
operation will be physically segregated from USDWs by an impermeable confining zone or a
series of formations. However, there may be limited circumstances where injection well owners
or operators may inject into a non-USDW (a formation not afforded SDWA protection) which is
laterally connected to, or proximal to, a USDW. In such situations there may be no impermeable
layer or other barrier present to prevent fluid migration into USDWs (Pathway 5).

Injection into non-USDW formations that are laterally connected to USDWs may be permitted
depending upon the geologic setting and operational conditions. In such situations, the owner or
operator and the EPA UIC permit writer must carefully evaluate the site characterization, well
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construction and proposed well operation data when establishing permit conditions to ensure that
the injectate remains in the injection zone and does not migrate laterally into USDWs. The UIC
regulations afford the UIC Program Director discretion to establish appropriate permit conditions
on a project-specific basis to ensure USDW protection.

Pathway 6 — Direct Injection of Fluids into or above an Underground Source of
Drinking Water

The final pathway mitigated by specific UIC injection well requirements is that of direct
injection of fluids into or above a USDW. Such injection presents an immediate risk to public
health because it can directly degrade groundwater, especially if the injected fluids do not benefit
from any natural attenuation from contact with soil, as they might during movement through an
aquifer or separating stratum. To address these concerns, the UIC Class Il regulations prohibit
injection of contaminants directly into USDWs and permit conditions are established to
safeguard USDWSs when injection zones are located at shallower zones.
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Methods for Calculating the Area of Review

Method Selection

The UIC regulations at 40 CFR 146.6 provide for two approaches to delineating the area of
review (AoR): a mathematical approach for calculating a ZEI and a fixed-radius approach.*
When choosing which approach to require for wells that will use diesel fuels for HF, EPA UIC
permit writers should consider that the purpose of delineating the AoR is to identify the area
throughout which the owner or operator must search for conduits, such as abandoned wells, that
could enable fluids containing diesel fuels to migrate from the injection zone into a USDW.2

Calculating the Zone of Endangering Influence (ZEI)

The ZEl is the lateral area in which the pressures in the injection zone may cause injection or
formation fluid to migrate into a USDW. In the case of area permits, the ZEI is the project area
plus a circumscribing area in which the pressures in the injection zone may cause injection or
formation fluid to migrate into a USDW.

The UIC regulations at 40 CFR 146.6(a)(2) provide a formula, known as the modified Theis
equation, as an example for calculating the ZEI for a vertical well, pumping over time, in an
injection zone. A HF operation creates, within a very-low permeability geologic stratum, a
localized, high-density network of interconnected fractures that is very capable of transporting
the HF fluids generally consisting of water with a diesel-fuel component. This system may be
considered as a porous and confined injection zone and can serve to illustrate why use of the
modified Theis equation for calculating ZEIs for long lateral well completions used in HF is
problematic. Any application of the modified Theis equation requires that the well-test scenario
meets several radial-flow assumptions. Specific vertical-well scenarios may not fully meet all
those assumptions, but horizontal, or directionally completed, HF well scenarios significantly
violate the following three Theis assumptions:

1. The injection well penetrates the entire thickness of the injection zone: While the vertical
measurement of the directional completion in a diesel fuels HF application is measured in
tens of feet, the vertical thickness of the hydraulically fractured zone is generally several
hundreds of feet. Therefore, the directional completion does not approximate a well that
fully penetrates the injection zone.

! Fracture lengths shown in Figures 1 — 5 are for illustrative purposes only.

% The Director may ask the owner or operator to apply the fixed-radius approach and if that result is not sufficiently
protective, the Director may ask the owner or operator to apply the ZEI approach (or vice versa) to determine if it
provides more protection. The Director has the discretion to ask that the approach that is more protective be used. As
an example: a ¥4 mile fixed radius is applied and the AoR boundary intersects the edge of a drinking water
protection area, or is sufficiently close to a public water supply source that the Director considers that HF activities
might contaminate a USDW. The Director could ask for application of the ZEI approach. The director could then
ask that the approach that provides the more protective AoR be selected.
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2. The injection zone is of infinite areal extent: In the use of diesel fuels for HF application,
the injection zone is of limited areal extent within a very low permeability geologic
stratum.

3. The trace of the well onto the land surface is infinitesimal: In a diesel fuels HF
application, the trace of a horizontal or directionally drilled well onto the land surface is
not small; rather, it is a line of significant length.

Because the modified Theis equation leads to significant errors if used to calculate the ZEI for
horizontal completions, the EPA does not recommend its use in those circumstances. The EPA
UIC permit writer may instead consider mathematical models, supported by sufficient field data,
to be appropriate to apply to the specific geologic setting for the purpose of calculation of the
ZEI. The use of mathematical models often requires a significant body of data.

Using the Fixed One-Quarter (%) Mile Radius

The second approach for conducting the AoR delineation provided in 40 CFR 146.6 is to use a
fixed radius methodology. The owner or operator may use a fixed radius of at least one-quarter
(¥s) mile around the well bore as the AoR instead of calculating the ZEI, with the approval of the
UIC Program Director. The fixed radius is most readily applied to vertical wells.

However, for non-vertical wells, it is necessary to account for the directional portion of the well
in order to adequately protect USDWs. For these settings, the EPA has developed the four
options below to adapt the fixed one-quarter (¥s) mile radius. The permit writer is reminded that,
in the case of wells deeper than about 2,000 feet, the extent of induced fractures is greater in the
horizontal direction than in the vertical direction, an important factor to consider when applying
setback distances from the termination points of fractures or assuring that total fracture extent is
included within the AoR. The UIC Program Director, as authorized in 40 CFR 146.6, may
require that the AoR be bounded by any of the following:

UIC Program Guidance #84 B-2 February 2014
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1.  The trace on the land surface of the circumference of a sphere drawn around the
directional completion of the well, where the sphere is centered at the mid-point of the
directional completion, fully contains all hydraulically induced fractures and has a radius
of no less than ¥ mile (Figure 1). (Note: fractures generally do not extend from the
endpoints of a directional completion.)

minimum % mile
to wellbore

The terminus for all
induced fractures are
within the sphere

Figure 1. AoR for the trace on the land surface of the circumference of a sphere drawn
around the directional completion of the well, where the sphere is centered at the mid-point
of the directional completion, fully contains all hydraulically induced fractures and has a
radius of no less than one-quarter mile. (Note: Features are not drawn to scale.)
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2. The trace on the land surface of the circumference of a sphere drawn around the
directional completion of the well, where the sphere is centered at the mid-point of the
directional completion, has a radius such that all fractures are completely contained and
the termination points of the fractures are no closer to the sphere’s circumference than
one-quarter (¥s) mile (Figure 2).

minimum % mile to
induced fractures

minimum % mile to
induced fractures

Figure 2. AoR for the trace on the land surface of the circumference of a sphere drawn
around the directional completion of the well and centered at the mid-point of the
directional completion. The sphere wholly contains all fractures, the termination points of
which are no closer to the circumference than one-quarter mile. (Note: Features are not

drawn to scale.)
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3. The trace on the land surface of the boundary of a cigar-shaped setback from the
directional completion, where the cigar shape around the directional completion fully
contains all hydraulically induced fractures and has a radius of no less than one-quarter
(%) mile measured from the directional completion (Figure 3). (Note: Increasing the
vertical angle of the directional completion reduces the length of the AoR’s trace on the
land surface.)®

2,640 ft

1.5 mile (7,920 ft)

Figure 3. AoR for the trace on the land surface of the boundary of a cigar-shaped setback
from the directional completion, where the cigar shape around the directional completion
fully contains all hydraulically induced fractures and has a radius of no less than one-
quarter (¥2) mile measured from the directional completion. The total width of the cigar
shape is 2,640 feet. (Note: Features are not drawn to scale.)

® As the angle of the directional completion approaches vertical, the trace on the land surface approaches a fixed
radius around a vertical well.

UIC Program Guidance #84 B-5 February 2014
Oil and Gas Hydraulic Fracturing
Activities Using Diesel Fuels



nhall

Highlight





4.  The trace on the land surface of the boundary of a cigar-shaped setback from the
directional completion, where the setback is no less than one-quarter (¥2) mile from the
estimated end of the fractures. (Note: Increasing the vertical angle of the directional
completion reduces the length of the AoR’s trace on the land surface.)*

Figure 4 below provides an example in which the AoR is defined by the trace on the
land surface of a cigar shape drawn one-quarter (¥s) mile beyond the endpoints of
hydraulically induced fractures that extend 200 feet beyond the directional completion,
for a total setback distance of 1,520 feet from the completion (fractures do not extend
from the ends of the directional completion.) The completion is horizontal and one mile
long. Note that the lateral boundaries of the AoR are curves that are, at their closest
point, ¥ mile from the horizontal completion.

3.040 ft

1.5 mile (7,920 ft}

Figure 4. AoR for a cigar-shaped setback drawn ¥-mile beyond the endpoints of 200 feet
long induced fractures along the length of a horizontally completed well. The total width of
the cigar shape is 3,040 feet. (Fractures do not extend from the endpoints of the directional
completion.) (Note: Features are not drawn to scale.)

Multiple horizontal wells are installed at many HF sites. The arrangement of these wells depends
on the nature of the hydraulic properties of the zone targeted to undergo HF. Figure 5 presents an
AOR that is a composite of the AoRs for three parallel horizontal wells.

* As the angle of the directional completion approaches vertical, the trace on the land surface approaches a fixed
radius around a vertical well.

UIC Program Guidance #84 B-6 February 2014
Oil and Gas Hydraulic Fracturing
Activities Using Diesel Fuels



nhall

Highlight





Figure 5. AoR that is a composite of the AoRs for three separate horizontal wells. (Note:
Features are not drawn to scale.)

Area Permits. For an area permit, the AoR would be defined by the furthest extent of all well
completions (lateral and vertical) plus a circumscribing area, the width of that circumscribing

area is either:

1. A fixed difference of (a) at least one-quarter (¥a) mile beyond the furthest extent of all well
completions and (b) no less than the estimated hydraulically induced fracture length such
that all induced fractures are contained within the AoR, or

2. A distance that is calculated by a model according to the criteria set forth in 40 CFR
146.6, but no less than needed to incorporate the farthest extent of fractures emanating
from any well covered under the area permit.
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From: Kathy Garcia

To: Boulder County Board of Commissioners
Subject: Elise Jones - Oil & Gas
Date: Friday, November 21, 2014 1:02:21 PM

Hello Ms. Jones - in reading EnergyWire today, | saw your comments on local control
over drilling. 1 so applaud your efforts and appreciate you truly representing the
concerns of the citizens you represent.

Best,
Kathy Garcia
Lafayette Resident


mailto:kathykeep718@gmail.com
mailto:commissioners@bouldercounty.org

From: Peter Korba

To: Boulder County Board of Commissioners
Subject: On Fracking
Date: Thursday, November 20, 2014 4:34:39 PM

Dear Bo Co Commissioners,
THANK YOU THANK YOU THANK YOU!!!....For extending the Fracking Moratorium !!

Peter and Dale Korba, SO BO


mailto:p.korba44@gmail.com
mailto:commissioners@bouldercounty.org

From: Mike Turner

To: Boulder County Board of Commissioners
Subject: THANKS
Date: Thursday, November 20, 2014 4:12:05 PM

THANKS EVERYONE FOR EXTENDING THE MORATORIUM ON FRACKING.
NOW, IF ONLY WE COULD GET STARTED IN DENVER............
THANKS SOO0O00000 MUCH, mike turner denver


mailto:letouch@centurylink.net
mailto:commissioners@bouldercounty.org

From: dnet#delight@viawest.net

To: Boulder County Board of Commissioners
Subject: Thank you so much for
Date: Thursday, November 20, 2014 4:04:28 PM

Thank you for extending moratorium on fracking!
Hooray.

Bonnie Sundance

Nederland

mail2web - Check your email from the web at
http://link.mail2web.com/mail2web


mailto:dnet#delight@viawest.net
mailto:commissioners@bouldercounty.org
http://link.mail2web.com/mail2web
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RE: Thank you.

Dear Boulder County Commissioners Domenico, Gardner and Jones,

Thank you for holding and attending the contentious hearings on fracking. You demonstrated high

levels of patience, maturity and respect toward the citizens of our county during these trying public
hearings.

Sincerely,

-

-

Y IR R i




From: Britta Voss

To: Boulder County Board of Commissioners
Subject: Thank you for extending the fracking moratorium
Date: Monday, November 17, 2014 6:15:53 PM

Dear Commissioners,

Thank you so much for boldly standing up to fossil fuel interests in our county by
extending the moratorium on extreme oil and gas development until July 2018.
While measures like this are temporary and piecemeal, | hope that our community is
eventually able to resist the demands of these corporations on our health and
wellbeing for their profit once and for all. Please continue to be a voice for reason
and caution in defense of the people of Boulder and a more sustainable future!

Britta Voss
1032 Ridglea Way
Boulder, CO


mailto:brittamv@gmail.com
mailto:commissioners@bouldercounty.org

From: Michael Sweeney

To: Boulder County Board of Commissioners
Subject: deb"s suggestion
Date: Sunday, November 16, 2014 6:53:28 PM

I listened (in slightly ebarrassed silence) to Deb's suggestion of asking the
companies to fund studies .

She seems slightly out-of-touch.

Thanks for your vote on extending the moratorium.


mailto:michael.sweeney303@gmail.com
mailto:commissioners@bouldercounty.org

From: Matt

To: Boulder County Board of Commissioners
Subject: Kudos for your courage and commitment
Date: Saturday, November 15, 2014 10:58:33 PM

Dear commissioners,

Public office is not for the weak hearted, or the thin-skinned! I was never in politics,
but was a church pastor for 25 years, so...hmmm. Then again, maybe | was in
politics! | attended the meeting in Longmont last week, but did not speak. | wish |
had, if only to show my appreciation to you for what is clearly deep dedication, not
only the environmental issues at stake, but to representing your constituency so
well.

I simply wanted to tell you that what you have done recently, both with the
extension of the moratorium, along with your support of Longmont in their court

case, makes me proud not only to have voted for you, but to be represented by
you.

You have my full support, and should you ever need my backing in any way, | am at
your service.

Sincerely,
Matt Condon

Sent from my iPad


mailto:tracku@gmail.com
mailto:commissioners@bouldercounty.org

From: suellyn jackson

To: Boulder County Board of Commissioners
Subject: thanks so much
Date: Saturday, November 15, 2014 6:00:53 PM

I want to thank you for extending the moratorium on fracking. Sue Jackson


mailto:suejhiker@gmail.com
mailto:commissioners@bouldercounty.org

From: JENNIFER cornell

To: Boulder County Board of Commissioners
Subject: just a thanks....
Date: Friday, November 14, 2014 10:23:07 PM

... for listening to... and HEARING your constituents and extending the moratorium
on fracking... We'll see what's happening in a few years, but thanks for this
decision-

Jen Cornell

4917 Thunderbird Dr.

Boulder 80303


mailto:frenchyjen@gmail.com
mailto:commissioners@bouldercounty.org

From: Allison Howard

To: Boulder County Board of Commissioners
Subject: THANK YOU
Date: Friday, November 14, 2014 11:01:00 AM

Dear Commissioners Jones, Gardner and Domenico,

| attended the meeting yesterday where you decided to extend the moratorium and | caught myself, all
day long, taking involuntary deep breaths. It was as if | had been holding the tension of this whole
process in my body and could now truly inhale.

Thank you is an inadequate phrase to acknowledge you for your courage. | understand the political
ramifications of this decision (although not as well as you do, I'm sure) and the road ahead is long. Last
night 1 heard John Fielder speak and show his stunning photography at the Museum of Nature and
Science. He spoke for a long time about the impact of oil and gas, specifically fracking, on the
environment. He spoke about our need to participate in the political process and where we are headed
if we do not move from our dependence on fossil fuel toward renewables. He mentioned that in a
presentation he had given the night before, five people got upset and asked for their money back. In
the audience | was in last night a man interrupted him by saying,” Can we move on?". This issue is
divisive. It takes courage to take a stand. He did. You have and | am

immensely grateful.

In closing | would like to quote something in one of John Fielder's books which | purchased last night.
"Perhaps no place in America has been as thoughtful or pioneering in protecting open space than
Boulder County. In 1967 Boulder County commissioners appointed the first Parks and Open Space
Advisory Committee for the County and started an open space department." and "In 1967, City of
Boulder voters made history by approving a .4-cent sales tax in perpetuity to buy, manage, and
maintain open space- the first time citizens in any U.S. city had voted to tax themselves specifically for
open space."

Thank you for hearing us. We are with you as we move forward.
Sincerely,

Allison Howard


mailto:gaia123@indra.com
mailto:commissioners@bouldercounty.org

From: Andy Burgess

To: Boulder County Board of Commissioners
Subject: Thank you for extending the fracking moratorium!
Date: Friday, November 14, 2014 9:29:17 AM

Dear Commissioners,

Thank you for prioritizing the health and wellness of our communities. The only
need for fracking in Boulder County relates to increasing profits in an unsustainable,
fossil-fuel based industry.

I, for one, am much more interested in seeing the County prioritize incentives for
sustainable and renewable technology businesses so that the area can be known
now and in the future for being a part of the solution to our energy and climate

crises.

Sincerely,

Andrew Burgess
Boulder


mailto:andyburgess4@gmail.com
mailto:commissioners@bouldercounty.org

From: David Roederer

To: Boulder County Board of Commissioners
Subject: fracking moratorium
Date: Friday, November 14, 2014 7:29:41 AM

I would like to thank the Boulder County Commissioners for extending the fracking
moratorium.

Thank You,

David Roederer


mailto:dcroederer@comcast.net
mailto:commissioners@bouldercounty.org

From: Jeremiah Kaplan

To: Boulder County Board of Commissioners
Subject: Fracking moratorium
Date: Thursday, November 13, 2014 8:57:29 PM

Thank you very much for extending the moratorium on fracking in Boulder County. | agree with you
that there is too much unknown about the health and environmental effects of the process, and it is
wise to wait before we put lives of people and the environment of Boulder County at risk.

Jeremiah Kaplan, MD
1985 Bluebell Ave
Boulder, CO 80302


mailto:jbfrog@earthlink.net
mailto:commissioners@bouldercounty.org

From: Beth Williamson

To: Boulder County Board of Commissioners
Subject: fracking moratorium
Date: Thursday, November 13, 2014 8:56:22 PM

Thank you! I'm behind your efforts to hold off on fracking until more is
known!

Beth Williamson

"In the garden of gentle sanity,
may you be bombarded by the coconuts of wakefulness."”
- Chégyam Trungpa


mailto:beth.williamson@Colorado.EDU
mailto:commissioners@bouldercounty.org

From: John Chavis

To: Boulder County Board of Commissioners
Subject: Thank you
Date: Thursday, November 13, 2014 6:33:15 PM

Dear Commissioners,
Thank you so much for making a decision that we here in Boulder County can be

very proud of. Thanks so much for extending the moratorium.
Sincerely,
John Chavis


mailto:johnmchavis@gmail.com
mailto:commissioners@bouldercounty.org

From: Ginger Riversong

To: Boulder County Board of Commissioners
Subject: Thank you!
Date: Thursday, November 13, 2014 4:48:42 PM

Dear Commissioners,

Thank you for extending the moratorium on fracking for another three and a half
years. This gives more time for the science to come in. | have just learned about

this study http://www.denverpost.com/business/ci_26926908/emissions-rules-yield-

little-benefit , of which I'm sure you are aware.

It is imperative that we do all we can to protect ourselves and the planet more than
ever, given the outcomes of the recent elections. We can't let our health, air, water,
property values - our community - be steamrolled into destruction by industry.

Thank you for deciding on behalf of the people; please, please work on creative
means to legally get us out of this mess and prohibit fracking in Boulder County
forever.

With appreciation,

Ginger lkeda
3320 15th St.
Boulder 80304

SHARE THE ROAD :)

Riders: Be Bright and Be Seen; Rules of the Road

Drivers: Put down the @%$ cell phone and Save a Life; 3 Feet Between; Pass <15
mph above bike's speed. THANKS!

"Unless someone like you cares a whole awful lot, nothing is going to get better. It's
not!"
-Dr. Seuss

“It takes courage to grow up and become who you really are.”
-ee cummings


mailto:ginger.ikeda@gmail.com
mailto:commissioners@bouldercounty.org
http://www.denverpost.com/business/ci_26926908/emissions-rules-yield-little-benefit
http://www.denverpost.com/business/ci_26926908/emissions-rules-yield-little-benefit

From: Jessie Goldfarb

To: Boulder County Board of Commissioners
Subject: THANK YOU
Date: Thursday, November 13, 2014 4:00:40 PM

Dear Commissioners,

THANK YOU so much for voting to extend the oil and gas moratorium until July 2018!!! | am so very
grateful for your continuing commitment to protect human health and the environment from the
dangers of fracking in Boulder County. If you haven't already seen it, the documentary film "Gasland 2"
by Josh Fox demonstrates why your decision today was one of exemplary valor and right-doing for the
planet.

Many thanks again,

Jessie Goldfarb

Boulder County Citizen and

Former U.S. EPA Senior Enforcement Attorney


mailto:jessiegoldfarb@yahoo.com
mailto:commissioners@bouldercounty.org

From: Puneet Pasrich

To: Boulder County Board of Commissioners
Subject: Re: Boulder County Commissioners extend moratorium on new oil and gas drilling permits to July 1, 2018
Date: Thursday, November 13, 2014 3:54:57 PM

Dear Commissioners,

We, the residents of Boulder County, thank you for your willingness to extend the
moratorium on new oil & gas drilling permits. So glad to see that we have elected
officials who listen to their constituents instead of solely pretending to do that
and acting for the best interests of industry.

Well done!
Puneet

From: LUList <|ulist@BOULDERCOUNTY.ORG>

To: OILGAS <OILGAS@LISTSERV.BOULDERCOUNTY.ORG>

Sent: Thu, Nov 13, 2014 12:50 pm

Subject: Boulder County Commissioners extend moratorium on new oll
and gas drilling permits to July 1, 2018

Boulder County Commissioners
extend moratorium on new oil and
gas drilling permits to July 1, 2018

Thursday, November 13, 2014

The County Commissioners deliberated and made their decision this
morning after considering public comments they received during a 6-hour
public hearing on Monday and the more than 1,200 written comments
received over the course of the past five months on the subject of
hydraulic fracturing.

Boulder County, Colo. — At a public meeting today, the County
Commissioners extended the county’s moratorium on new oil and gas
drilling permits to July 1, 2018. The decision came after hosting a 6-hour
public hearing on Monday, Nov. 10, where approximately 80 residents
testified on whether the Board of County Commissioners should extend or
otherwise amend the current temporary moratorium on Boulder County’s
processing of applications for oil and gas development in the
unincorporated County which expires Jan. 1, 2015. The in-person
testimony was received in addition to more than 1,200 written comments
submitted since the last oil and gas hearing in June 2014.


mailto:pasrich@buckyballsystems.com
mailto:commissioners@bouldercounty.org
mailto:lulist@BOULDERCOUNTY.ORG
mailto:OILGAS@LISTSERV.BOULDERCOUNTY.ORG

“We greatly appreciate everyone’s participation in this issue. It is clear
from the widespread health, safety, and environmental concerns we'’ve
heard that we need to extend the moratorium until more research on the
community impacts of hydraulic fracturing is completed,” said County
Commissioner Chair, Cindy Domenico.

All three commissioners highlighted the need to complete the studies
currently underway and those yet to be launched that address the health
and safety impacts on people and the environment from fracking before
they can lift the moratorium on new drilling applications in the
unincorporated county.

“We absolutely, positively need to extend this moratorium,” said County
Commissioner Elise Jones. “The residents of Boulder County have told us
loud and clear that fracking is a problem for them. They are concerned,
and we are concerned. It's not what we want for Boulder County.”

Commissioner Deb Gardner agreed with her colleague’s concerns about
the lack of completed health and safety studies on the impacts of fracking,
and added a request to the oil and gas industry to fund a comprehensive,
independent, third-party monitored study to move the issue forward and
determine once and for all the true impacts on community health and
environment caused by fracking.

The three commissioners also spoke of a need for greater governing
ability to regulate such heavy industrial activities around homes and
schools in Boulder County, and to increase the commitment and ability for
county residents to take part in more sustainable energy choices
throughout the county.

“We need to expand the powers of local governments to be able to use
zoning regulations to protect our residents from the harmful impacts of
hydraulic fracturing,” said Commissioner Jones. “At present, we don’t
have the ability, without threat of state preemption, to keep this heavy
industrial activity out of residential neighborhoods as our residents have
pleaded with us to do. We need action at the state level to assure local
governments have the tools to keep these activities away from homes and
schools in order to fully protect our residents.”

Currently, the county’s traditional land use authority of zoning,
comprehensive planning, and phasing of industrial activities are
preempted by the state, preventing local governments like Boulder County
from keeping incompatible land uses such as oil and gas drilling away
from homes, schools, and other residential activities.

Finally, the three commissioners stressed the need to create a community
action plan or “dashboard” to help reduce the county’s reliance on carbon-
based energy and to create a community commitment to reducing the



amount of fossil fuels consumed in Boulder County. Gardner, as well as
Domenico and Jones, indicated a desire to create “a direct, neutralizing
response to the climate change our county is experiencing as a result of
more carbon-based energy development.” In closing, the Board gave
direction to the county’s Land Use staff and Sustainability Office to pursue
a plan to increase tools available to county residents to better obtain and
measure their carbon fuels reductions.

Residents interested in energy efficiency options for their homes or
businesses can visit: www.EnergySmartYes.com.

For more information about the county’s role in oil and gas development,

please visit the county’s Oil and Gas Development webpage at
bit.ly/BCoilgas.

View this email online:

www.bouldercounty.org/apps/newsroom/templates/bc12.aspx?
articleid=4279


http://www.energysmartyes.com/
http://www.bouldercounty.org/dept/landuse/pages/oilgas.aspx
http://bit.ly/BCoilgas
http://www.bouldercounty.org/apps/newsroom/templates/bc12.aspx?articleid=4279
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From: Donna Bonetti

To: Boulder County Board of Commissioners
Subject: Thank you
Date: Thursday, November 13, 2014 3:52:25 PM

Thank you for acting in the public interest for our health and safety and extending the oil and gas
moratorium.

Sincerely,

Donna Bonetti

Sent from my iPad


mailto:donnambirdlady@yahoo.com
mailto:commissioners@bouldercounty.org

From: Tom Weis

To: Boulder County Board of Commissioners
Subject: extension of fracking moratorium
Date: Thursday, November 13, 2014 3:26:28 PM

Elise, Cindy & Deb,
Thank you!

Sincerely,

Tom Weis, President
Climate Crisis Solutions
303-378-1364 (mobile)
RideForRenewables.com

[NOTE: I'm on a book writing sabbatical, so apologies in advance for delays in
responding.]

Like Renewable Rider on Facebook
Follow Renewable Rider on Twitter
Subscribe to Renewable Rider on YouTube

"Polite conservationists leave no mark save the scars upon the Earth that could have
been prevented had they stood their ground.”
- David Brower (1912-2000)


mailto:tom@climatecrisissolutions.com
mailto:commissioners@bouldercounty.org
http://rideforrenewables.org/
http://www.rideforrenewables.com/
https://www.facebook.com/RideforRenewables?ref=hl
https://twitter.com/RenewableRider
http://www.youtube.com/user/RenewableRider

From: Lisa Trope

To: Boulder County Board of Commissioners
Subject: From Food & Water Watch, thank you!
Date: Thursday, November 13, 2014 3:20:16 PM

Dear Elise, Deb, and Cindy,

I wanted to thank you for extending the moratorium on fracking in Boulder. We truly
appreciate your leadership in protecting Boulder county residents' air, water, health,
and homes. Our supporters will be thrilled to hear the news!

Sincerely,
Lisa

Lisa Trope

Colorado Organizer
Food & Water Watch
720-689-1937 (o)
Facebook


mailto:ltrope@fwwatch.org
mailto:commissioners@bouldercounty.org
https://www.facebook.com/pages/Food-Water-Watch-Colorado/158365320974705

From: Katie Falkenberg

To: Boulder County Board of Commissioners
Subject: Thank you!
Date: Thursday, November 13, 2014 2:43:13 PM

Dearest County Commissioners,

I just wanted to extend a thank you to you for your decision to keep fracking out of
Boulder County. As a young woman who some day hopes to have children, this
issue is very close to my heart.

Know that you will always be supported by Boulder County citizens whenever you
side with sustainability and the well being of our community. | applaud your courage
and steadfastness.

Thanks again,

Katie

Katie Falkenberg

ie & y | @fffalcon
350 Colorado | @350Colorado

"The only visible feature of hope is action.”
- Grace Paley


mailto:katie.falkenberg@gmail.com
mailto:commissioners@bouldercounty.org
http://ieandy.com/
https://twitter.com/fffalcon
http://350colorado.org/
https://twitter.com/350Colorado
https://twitter.com/350Colorado

From: Micah Parkin

To: Boulder County Board of Commissioners
Subject: THANK You!!

Date: Thursday, November 13, 2014 2:39:12 PM
Attachments: 11-10-14 statement to BoCo commissioners.doc

Dear Commissioners,

On behalf of 350 Boulder County I'm writing to thank you for extending the oil and
gas development moratorium today until July 2018! We are so grateful for your
leadership and doing your part to protect our communities and our climate!

With much appreciation,

Micah
p.s. I'm attaching our statement | delivered at the hearing Monday for your records.

Micah Parkin

350 Colorado, Executive Director
504-258-1247

350 Colorado on Facebook

www.350Colorado.org


mailto:micah@350colorado.org
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350 Boulder County Statement to Boulder County Commissioners In Favor of Extending the Moratorium on Oil and Gas Development in Boulder County until July 2018


Hi Commissioner,  my name is Micah Parkin. I'm a resident of the City of Boulder, and I'm speaking today on behalf of 350 Boulder County, which has over 2,000 members in the County.  We thank you for placing and extending a moratorium previously on oil and gas development, including hydraulic fracturing and horizontal drilling, and we strongly encourage you to extend the current moratorium until July of  2018 while health and environmental studies that are currently underway that have been referenced by other speakers today and your staff are completed and the results are analyzed.  

In addition to increasingly alarming information regarding toxic impacts of these highly industrial processes on human health, land, air and water, research is indicating that high methane leakage rates from fracking are exacerbating climate change. 


As part of a global grassroots network working to solve the climate crisis, 350 Boulder County is very concerned about emissions of methane, which is a powerful greenhouse gas. Methane is the primary constituent of natural gas (~95%), and according to the 2013 report from the International Panel on Climate Change, the heat trapping ratio of methane as compared to carbon dioxide (CO2) is 34 times over a 100 years, 86 times more potent than CO2 over the critical next 20 years, and 125 times with feedback during the next decade.  Research by NOAA and other scientific organizations thus far has shown leaks from well heads directly into our atmosphere at rates from 3-17% of the total gas produced.  Researchers assert that leakage rates higher than the 3.2% “break-even” point
  are considered worse for the climate than burning coal.  So there is great concern that fracking is contributing significantly to climate destabilization, which has already loaded the dice for record-breaking storms and floods like we experienced last year here, extreme heat, wildfires and drought, all of which have enormous consequences for public health and safety.

And with climate change placing ever more stress on water resources, it is also essential that the impacts of fracking on our water supplies be considered.  It’s unconscionable to use and permanently remove from the water cycle vast quantities of irreplaceable water – from 5 to 9 million gallons per well and there have also been more than 1,000 fracking-related spills of diesel fuel, oil, toxic chemicals, and other contaminants in Colorado over the last four years, dozens of which have polluted groundwater.

In a time when all the science indicates that a sane society should be transitioning rapidly away from all fossil fuels (to renewable energy, energy efficiency, and conservation), and while federal and state regulations are proving dismally ineffective, it’s essential that local communities do their due diligence to safeguard air, water, public health & safety.  Lacking conclusive evidence that fracking is safe and with mounting evidence to the contrary, the prudent action is to follow the precautionary principle.  We thank our Commissioners for putting our families' health and safety first and count on you to extend the moratorium on fracking.

Thank you.

350 Colorado

�  Alvarez, R. A., Pacala, S. W. Winebrake, J. J., Chameides, W. L. & Hamburg, S. P. Proc. Natl Acad. Sci. USA 109, 6435–6440 (2012).








From: Mike Taylor

To: Boulder County Board of Commissioners
Subject: Oil and gas moratorium
Date: Thursday, November 13, 2014 2:23:40 PM

Commissioners,

Thank you so much for your bold action this morning. Your votes to extend the moratorium indicate
your passion for protecting the citizens and environment of Boulder County. Please know that we will
stand up with and for you any time you might need any support on the oil and gas extraction issue.

Thank you again.
Michael Taylor

1512 Bluefield Ave
Longmont, CO 80504
512-965-7629

Ban Fracking


mailto:m.taylor450@yahoo.com
mailto:commissioners@bouldercounty.org

From: sasecord@aol.com

To: Boulder County Board of Commissioners
Subject: Thank you
Date: Thursday, November 13, 2014 2:20:31 PM

Dear Cindy, Deborah, and Elise,

| want to express my deepest appreciation for the vote you made today to extend our Boulder County
moratorium until July 1, 2018. It was the right thing to do. | also recognize it was a courageous step
because there will be push-back from the state. But you have taken a stand for all of us in Boulder
County who live here because of the quality of life we have.

Whatever happens next, we will stand with you.
Thank you.
Susan Secord

1280 Fairfield Drive
Boulder, CO 80305


mailto:sasecord@aol.com
mailto:commissioners@bouldercounty.org

From: Karen Dike

To: Boulder County Board of Commissioners
Subject: Thank you

Date: Thursday, November 13, 2014 2:16:32 PM
Attachments: 341.png

I want to extend my thanks to all three of you for your vote today to extend the
moratorium. This will help protect the health and safety of citizens and will also
protect our land air and water.

Over the past few months | have felt powerless because of the money in politics and
the attitude of indifference from Democrats, such as Hickenlooper, towards citizens.
Thank you for being the type of political leaders | can admire and respect. It is
good to feel some sense that democracy is working again.

Now if you could help me with that Weld County air pollution!

Karen Dike
karenkdike@gmail.com
720-363-7119
720-494-1659
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From: Kate Johnson

To: Boulder County Board of Commissioners
Subject: Thank you!
Date: Thursday, November 13, 2014 2:14:26 PM

Thank you for being wise and protective of our wonderful Boulder County by
extending the fracking moratorium until 2018. Let's hope the craziness is over by
then and the fracking frenzy has burned itself out. At least now I can get my
youngest daughter through high school before | have to consider re-locating.

Thanks for all you do!
Kate

Kate Johnson
New website!l www.TheArtofCheese.com
www.facebook.com/artofcheese

www.briargatefarm.com
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From: Becky English

To: Boulder County Board of Commissioners
Subject: Thank You - Fracking Moratorium
Date: Thursday, November 13, 2014 1:55:03 PM

Dear Cindy, Deb, and Elise,

I want to take a moment to thank you very much for your leadership and courage in extending the
fracking moratorium in the County, and by more than a token period of time.

Boulder continues to show Colorado and the nation the way!

Kind regards,

Becky English

Rebecca English & Associates, LLC, a sustainability consultancy

Sierra Club Rocky Mountain Chapter clean energy issue specialist, ExCom, LegCom, CCL
303 733 4064

303 728 4131 mobile

HHH


mailto:beckyrep@gmail.com
mailto:commissioners@bouldercounty.org

From: Gabriel Perry

To: Boulder County Board of Commissioners
Subject: Thank you.
Date: Thursday, November 13, 2014 1:51:30 PM

Thank you for doing the right thing. Thanks for extending the fracking moratorium.
I really didn't think you were going to. Feeling pretty shocked.

~Gabriel Perry
www.flupe.com
720.565.1569


mailto:flupe@flupe.com
mailto:commissioners@bouldercounty.org

From: Gail Hartman

To: Boulder County Board of Commissioners
Subject: THANK YOU!
Date: Thursday, November 13, 2014 1:44:21 PM

A heartfelt thank you for your unanimous vote to extend the oil and gas moratorium. Applause and
cheers coming from Louisville and throughout the County!

Gail Hartman
Louisville, CO


mailto:gailhartman@earthlink.net
mailto:commissioners@bouldercounty.org

From: Susan

To: Boulder County Oil and Gas Comment
Subject: Fracking moratorium
Date: Thursday, November 13, 2014 1:39:54 PM

Thank you County Commissioners.
Susan Morris

Sent from my iPhone


mailto:susankmorris@gmail.com
mailto:oilgascomment@bouldercounty.org

From: Scott Smith

To: Boulder County Board of Commissioners
Subject: Fracking accident, one killed two injured in Weld County
Date: Thursday, November 13, 2014 1:05:35 PM

Just affirming you made the right choice:

http://www.thedenverchannel.com/news/local-news/1-killed-2-hurt-in-weld-county-fracking-site-accident


mailto:scott@gmknow.org
mailto:commissioners@bouldercounty.org

From: Ken Bonetti

To: Boulder County Board of Commissioners
Subject: THANK YOU!
Date: Thursday, November 13, 2014 1:01:46 PM

Cindy, Elise, Deb:

Thank you so much for extending the moratorium on hydraulic fracking for the
requested 3 1/2 years. Your action is historic, the right thing to do and truly
appreciated. You folks rock!

Sincerely,
Ken Bonetti


mailto:kenecon2004@gmail.com
mailto:commissioners@bouldercounty.org

From: katesciolino@gmail.com on behalf of Kate Sciolino

To: Boulder County Board of Commissioners
Subject: Thank You!!tinin
Date: Thursday, November 13, 2014 1:01:45 PM
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kate sciolino

kn literary arts
303.588.2211

www.knliterary.com
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From: Julie Zahniser

To: Boulder County Board of Commissioners
Subject: Thank you for wise, cautious, protective decision!
Date: Thursday, November 13, 2014 12:56:49 PM

Dear Commissioners,

Thank you for listening to your own staff, your constituents, and your own hearts
and minds in coming to your decision to extend the Moratorium on Fracking in
Boulder Country! That decision took both intelligence and courage.

Like many others, | said that | would stand behind you. | don't know what you will
need in terms of citizen support in response to the fall-out of your decision, but
please don't hesitate to let me and the many other grateful concerned citizens know
if and how we can be of help.

With appreciation and highest regards,
Julie Z

Julie Zahniser
3782 Telluride Lane
Boulder, CO 80305

720 320 4294


mailto:mjzahniser@gmail.com
mailto:commissioners@bouldercounty.org

From: Sam Schabacker

To: Boulder County Board of Commissioners
Subject: Thank you
Date: Thursday, November 13, 2014 12:24:31 PM

Dear Commissioners-

Thank you for extending the moratorium on fracking until 2018! We deeply
appreciate your leadership on this issue.

Sam

Sam Schabacker
Western Region Director
Food & Water Watch
720-449-7505

www.foodandwaterwatch.org
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From: ecerb@indra.com

To: Boulder County Board of Commissioners
Subject: fracking moratorium should continue
Date: Thursday, November 13, 2014 12:04:14 PM

Dear Commissioners:

I'm sorry to write so late in the process but | want to express my
emphatic support for the continuation of the drilling moratorium.

While the recent CU study expresses that we should not be so concerned
about the ingredients of fracking fluid | think there are enough other
issues of concern.

Studies have proven that the reinsertion of fracking fluid into the earth
increases seismic activity. Do we really need to increase the potential of
quakes in our area? There are existing faults in our area and nobody
understands the impact of the small quakes on fault zones.

Areas with fracking tend to see an increase in methane and other
greenhouse gases. When we are trying to reduce our carbon footprint, how
is this a solution?

Lastly, I think we need to be very concerned about water usage. While
companies like Nestle believe that they have every right to make a profit

on drinking water, our reality is that we do not have enough water for

true human needs. We are struggling with Denver Water over the expansion
of Gross Reservoir. We are needing to address how to provide ample clean
and safe drinking water for our growing population. And the oil companies
come in and take water that they remove from the system. This is hardly a
sustainable or practicable solution.

I would love to see Boulder County take a strong stance on water as one of
our sustainability goals. No water use should remove water from what is
essentially a closed system. No water use should make water nonpotable. No
water delivery should be based solely on profit. And we need to recognize
that access to clean and healthy water is a fundamental human right, not a
commodity to be monetized.

Thanks for all you do.
Sincerely,

Elaine C. Erb
Niwot, CO


mailto:ecerb@indra.com
mailto:commissioners@bouldercounty.org

From: rubala

To: Boulder County Board of Commissioners
Subject: Thank you for the extension
Date: Thursday, November 13, 2014 11:19:21 AM

Dear Commissioners,

Thank you for extending the gas and oil development moratorium. Have a nice day.

Sincerely,

Ruby Bowman

Longmont resident


mailto:rubala@indra.com
mailto:commissioners@bouldercounty.org

From: caradalire

To: Boulder County Board of Commissioners
Subject: The ban on fracking
Date: Thursday, November 13, 2014 10:55:53 AM

Mr commissioner

I am writing to you in the hopes that something can be done. Below are pictures of
myself and my best friend since | was 2. You'll notice neither of us have hair. She is
currently in a fight for her life. She was diagnosed recently with a rare, aggressive
leukemia at only 29 years old just 8 short months after moving very near to a
fracking site. The other pictures are of a fire that happened at the site just before
she was diagnosed and her 2 year old daughter who has mysterious ulcers in her
face (which also appeared just after the family moved near the site). We must keep
this ban on fracking. It may already be too late for Amber but we must not allow
one more person to have to fight for their life or another baby to face life without a
mother. This could be your family, your friend, or you if we do not stop this
immediately. Please help.

Regards,

Cara Alire

Sent on a Sprint Samsung Galaxy S® Il


mailto:caradalire@gmail.com
mailto:commissioners@bouldercounty.org

From: Angela G.

To: Boulder County Oil and Gas Comment
Subject: Thanks
Date: Thursday, November 13, 2014 10:04:09 AM

Thank You Very Much

for extending the O&G moratorium.
We appreciate you!

Angela Green

Gunbarrel 80301


mailto:angelica1951@earthlink.net
mailto:oilgascomment@bouldercounty.org

From: Jonathan Hymer

To: Boulder County Board of Commissioners
Subject: | urge you to extend the moratorium in Boulder County!
Date: Thursday, November 13, 2014 9:25:40 AM

Honorable commissioners,

I want to let you know | and countless others in Boulder County consider current
horizontal hydraulic fracturing (tracking) to be prohibitively dangerous at this time in
numerous ways including air quality, water security, inappropriate industrial activity
in rural and more populated areas, and climate effects. Gas leaks! It leaks a lot! If it
leaks more than 3%, it soon becomes WORSE for climate and humanity’s future
than even COAL! Leakage rates are more than double that! We don’t have the
inspectors, nor the bureaucratic will to strictly enforce the integrity of the extraction
and holding process. | strongly urge you to EXTEND THE MORATORIUM on fracking.
Voters will not be happy otherwise.

Jonathan Hymer
Boulder, CO


mailto:jahymer@gmail.com
mailto:commissioners@bouldercounty.org

From: Rod Brueske

To: Jones, Elise; Boulder County Board of Commissioners; mark@ollinfarms.com
Subject: Mobile Web - Business - Emissions rules yield little benefit along Colorado"s Front Range
Date: Thursday, November 13, 2014 8:56:40 AM

www.denverpost.com/business/ci_26926908/emissions-rules-yield-little -benefit-
along-colorado-front-range

Download the official Twitter app here

Sent from my iPhone
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From: Scott Smith

To: Boulder County Board of Commissioners
Subject: CU Frack fluid study: Misleading

Date: Thursday, November 13, 2014 8:13:18 AM
Hi:

The CU study showing fracking fluids to be no more hazardous than household products. It's a lie.

The CU study examined only one chemical component of the fracking fluid witch’s brew: surfactants,
(soaps) which are used to help break up oil. There are many other chemicals that are used in fracking
fluid, which happens to be a very profitable manufactured commodity, bought and sold around the
world. Here’s a CNBC analysis on the market which also highlights the other, not mentioned or
examined toxic compounds in fracking fluid.

http://www.cnbc.com/id/102150574

Extend the moratorium and ban this fracking threat.

Regards,
Scott Smith


mailto:scott@gmknow.org
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From: Tonia Alire

To: Boulder County Board of Commissioners
Subject: Fracking
Date: Wednesday, November 12, 2014 9:17:49 PM

Please save our children and continue the ban on fracking


mailto:tonia.alire@gmail.com
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From: anderscarlson@gmail.com on behalf of anders carlson

To: Boulder County Board of Commissioners
Subject: Say no to fracking
Date: Wednesday, November 12, 2014 8:14:23 PM

Please consider an extention of the moratorium on fracking in boulder county.
Boulder is a world renowned center for climate science and research. Fracking has
no place here.

Best,

Anders Carlson

2590 Dartmouth ave
BOULDER 80305 CO USA
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From: Rod Brueske

To: Danielle McCann; Boulder County Board of Commissioners
Subject: Mobile Web - News - Study links ADHD to fetal exposure to common pollutant
Date: Wednesday, November 12, 2014 2:50:23 PM

www.denverpost.com/nationworld/ci_26918583/study-links-adhd-fetal-exposure-
common-pollutant

Download the official Twitter app here

Sent from my iPhone
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From: butoh@efn.org

To: Boulder County Board of Commissioners
Subject: Ban Fracking
Date: Wednesday, November 12, 2014 1:37:22 PM

Dear Commissioners Jones, Domenico & Gardner,

Hello, my name is Planet Glassberg and | urge you to ban fracking in
Boulder County.

I oppose fracking because the practice exposes the broader public to toxic
chemicals linked to breast cancer as well as a host of other health harm.
Fracking can contaminate underground water supplies that directly threaten
public health both in rural communities that reside near fracking sites as
well as urban residents that live far from fracking operations. We have

to act now rather than waiting for the negative health impacts of fracking
to reach pronounced levels. Act Now to protect public health and the
environment from hazardous impacts of fracking.

I urge you to extend the ban on fracking in Boulder County.
Thank you for your time and consideration.

Sincerely,
Planet Glassberg

P.O. Box 402
Fort Collins CO 80522-0402
Phone: 970-221-7172


mailto:butoh@efn.org
mailto:commissioners@bouldercounty.org

From: Elvia EA

To: Boulder County Board of Commissioners

Cc: info@polisforcongress.com; Governor.hickenlooper@state.co.us
Subject: Ban or Extend Moritorium - No Fracking in Boulder County, CO
Date: Wednesday, November 12, 2014 12:40:35 PM

Commissioners,

You heard all the wonderful comments 11/10/14 from the people, your constituents
regarding extending the moratorium on any fracking in Boulder County. You've
heard many of these same pleas, facts, experiences before, and a moratorium was
put in after the people took action. Please ban or at minimum put a moratorium for
NO FRACKING IN BOULDER COUNTY, CO.

These are some of the points, reasons you should ban or extend the moratorium on
NO FRACKING IN BOULDER COUNTY, CO.

1) Exercise this “girl” power you have against all the Blue Dog Democrat and
Republican males, people who care nothing about the environment, the people, the
future generations — only their corporate/political interests, their monetary bottom
lines. Don't just be a mouth piece, a rubber stamp for the powerful corporate
politicians with dollars vs the people — don't say one thing and do another — do right
for the people! Lead us away from fossil fuels now and into solar, wind, natural
energies for the people’s future. The people, the children count on you for today
and for all future generations to follow! Be bold to not allow any party, any
corporation to have you sell out the people — let your free will lead and demand the
NO FRACKING IN BOULDER COUNTY, CO for the people.

2) You have no results on the harmful effects regarding fracking — that information
has been censored, no money is going there to finance the truth for the people
regarding the harmful effects of fracking. Perhaps this information will take longer
to come to a conclusion — well than NO FRACKING IN BOULDER COUNTY should
take place until we all can be certain that “no” health risks occur, and we all have
that information. Otherwise, the people’s health is being gambled upon.

3) The fact that so much water will be used in the process of fracking is really a NO
FRACKING IN BOULDER COUNTY starter. Colorado cannot continue to use up all the
region’s water for this single destructive endeavor of fracking. Water is and has
always been scarce, and now with global warming and therefore draughts occurring
— NO FRACKING IN BOULDER COUNTY is even more obvious.

4) “Anyone’s” mineral rights — is not a right for all, “all” is all the “people.” 1 say no
and eminent domain to that if that is a reason to get the mineral rights dollars to
these people vs the health rights of all the “people.”

Please Commissioners, do your job for the people — NO FRACKING IN BOULDER
COUNTY, CO.

Thank you!

Elizabeth Allen
Boulder, CO


mailto:el-jer@hotmail.com
mailto:commissioners@bouldercounty.org
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cc/bee: Politicians that should not allow fracking
organizations/VIPs against fracking



From: Haverfield, Carrie

To: Boulder County Board of Commissioners
Subject: Fracking comment
Date: Wednesday, November 12, 2014 10:47:22 AM

Planet Glassburg

Please vote to extend the ban on fracking in the county. This is not just a county issue, but a state
issue.

970-221-7172
PO Box 402
Ft. Collins, CO 80522

Carrie Haverfield

Constituent Services Liaison

Boulder County Commissioners’ Office
303-441-1688 p

303-441-4525 f
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From: Glantz, Namino

To: janetlsomerville@comcast.net
Subject: Web - Public Health Planning_fracking_sent12nov14
Date: Wednesday, November 12, 2014 10:14:29 AM

Thank you for your message. It has been forwarded to the Board of County Commissioners, as they
are compiling public input, which they will consider in their upcoming decisions.

Namino Glantz

Boulder County Public Health

3450 Broadway, Boulder, CO 80304
303-441-1167 ~ nglantz@bouldercounty.org

----- Original Message-----

From: janetlsomerville@comcast.net [mailto:janetlsomerville@comcast.net]
Sent: Tuesday, November 11, 2014 8:39 PM

To: Glantz, Namino
Subject: Web - Public Health Planning - janetlsomerville@comcast.net

Contact Name: Janet Somerville
Email Address: janetlsomerville@comcast.net
Subject: Public Health Planning

Message:
Boulder County Commissioners,

Please Vote to ban fracking in our county; it is a health and environmental hazard. Alternative energy
sustainable alternatives are everywhere.

Injecting chemicals and using our precious water is a crime against our mother earth which is also
ourselves.

I live in Louisville, Boulder County and know we can honor the beauty and majesty of our earth by living
in harmony.

Date Time: 11/11/2014 8:38:56 PM
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From: Linda Peterson

To: Boulder County Oil and Gas Comment
Subject: Extend ban on francking
Date: Wednesday, November 12, 2014 9:52:51 AM

Dear Boulder County Commissioners:

I am writing to implore you to extend the ban on fracking in Boulder County for as long as possible.
Increasingly we learn of the many problems that fracking creates for our air, water, land, i,e, our
environment as a whole. We just don't have the water to frack in this arid environment. | am ashamed
that the oil and gas industry continues to do so many things that are harmful to us and that our state
government lets them do these things. We need elected officials who will protect us and work for our
benefit. If not you here in Boulder County, then who?

Thank you for considering my comments.
Linda M. Peterson

1325 Redwood Ave.

Boulder, CO 80304

303-859-4026


mailto:linda.peterson@comcast.net
mailto:oilgascomment@bouldercounty.org

From: wishdoctor@gmail.com

To: Boulder County Oil and Gas Comment
Subject: Spam: just say no -

Date: Wednesday, November 12, 2014 6:57:31 AM
to fracking.

not good.

please don't.
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From: Diana Wright

To: Boulder County Board of Commissioners
Subject: please extend the fracking moratorium
Date: Tuesday, November 11, 2014 7:54:31 PM

Dear Boulder County Commissioners,

Please extend the current fracking moratorium until 2018 when we will have more
information on the health effects from fracking. Why would we ever rush to allow
more fracking of wells before we know for certain the long term health effects? I'm
also concerned of the long term damage to our water here in Colorado especially
after reading the studies predicting Colorado will have a water shortage in the
coming years.

There should be no rush to frack more wells while there is currently a glut of oil and
gas. Let’s extend the moratorium until 2018.

Thank you,

Sincerely,

Diana Wright


mailto:wcdiana1@msn.com
mailto:commissioners@bouldercounty.org

From: VJ Deutsch

To: Boulder County Oil and Gas Comment

Subject: Re-Instituting the Moratorium on Fracking in Boulder County before/by the end date of the present Moratorium
on Fracking must be a priority for the health and well being of our community

Date: Tuesday, November 11, 2014 4:16:42 PM

I need you, the members of our City Council and all relevant Boulder organizations
and ruling bodies to know that you are putting the lives of Boulder county residents,
and all women, men, and children, especially infants, pregnant women & elders that
come to work, school, shop or play/sport in Boulder County at risk if you do not
continue the moratorium on fracking here in Boulder county.

It is a threat to the quality of the air we breath, our precious water supply both by
contamination from toxic chemicals used in the fracking process and removing vast
amounts of water from our already limited supply here in the Southwest. Never mind
the leakage from cracked pipes and well-pads at the drilling sites which has been the
case in numerous instances already. The process contaminates our soils, it imposes
incredible levels of noise and vibrational pollution in the vicinity of the well-sites and
along the truck routes moving the materials in and out of the areas, damaging to
the roads/infrastructure of the community.

It is outrageous that there are actually archaic laws on state's books that allow state
governments to override rights of individuals and communities when it comes to
raping the land to extract natural resources. This is against the constitution of the
USA and our Bill or Rights that upholds the inalienable rights of individuals, citizens
of the United States. Since 9/11 both our inalienable rights and the rights
guaranteed citizens in our Federal constitution have been eroding at break-neck
speed due to the now blatant collusion of transnational corporations and all branches
of the US government.

But you are all intelligent people and know this already.

What you might not know, because it has hardly been mentioned even on our
perceptive and "tell it like it is" public radio station KGNU, Hickenfracker not only
narrowly won re-election possibly because this state has so many pro-gun NRA
enthusiasts. No, he almost lost due to fall out on what might be considered the
opposite end of the political scale. That, too, is not accurate as there are many pro
gun folks who are strongly anti-fracking and the government's stand against the
people, actually siding with the oil and gas industry contributes to pro-gunners sense
that they want the means to defend themselves (as unrealistic as this might be),
their families, & neighbors should the citizens have to face-off against a militarized
police force.

They, in addition to pacifest citizens like myself, of which there are many thousands,
are mortified by Hickenlooper's stance against CO communities - governing from a
perch on the shoulders of the oil and gas industry. He is completely loopie to have
expected us to vote for him in this past election last Tuesday.

see:

PopularResistance.org info@popularresistance.org

This, like GMOs, is a very big global issue in addition to being a very local one as
they both negatively effect the greatest challenge to our future, Climate Change and
the well being of human's, all sentient Beings and the planet itself. The desire of the
citizens of Boulder, including you our City Council members, to become it's own
electric municipality is inline with our genuinely working to meet our environmental
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commitments. Not allowing fracking is equally important if not more important
regarding this goal.

Respectfully Yours
VJ Deutsch
Walnut Street
Boulder CO 80302



From: PJ Hrynik

To: Boulder County Board of Commissioners
Subject: moratorium
Date: Tuesday, November 11, 2014 3:57:38 PM

Please extend the fracking moratorium until 2018 when health studies will be
available and re-evaluate at that time. Thank you for hearing the voice of the
people.
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From: Rba Gatherings

To: Boulder County Board of Commissioners
Subject: NO Fracking in Heatherwood, BOULDER, CO
Date: Tuesday, November 11, 2014 1:23:32 PM

TO the COUNTY COMMISSIONERS:

I am a resident of Heatherwood, in Boulder, Co. | have heard there is going to be
tracking in our area and you have the power to stop these actions. You must for
our sake and the sake of our children. | have small children going to the
Heatherwood school and if I, or any of my kids gets sick, | will hold you liable.
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From: Elise Edson

To: Boulder County Board of Commissioners
Subject: Moratorium on fracking - please!
Date: Tuesday, November 11, 2014 8:00:03 AM

To whom it may concern,

My name is Elise Edson and I live in Boulder Colorado. I'm writing to ask that you
put in place a moratorium on Fracking for at least three years.

I moved to Colorado from New Jersey, where | have seen the firsthand the effects
on fracking in New York and Pennsylvania. The cities where fracking was legal wish
they had never allowed to take place. Farmland has been ruined. Open space has
been ruined for generations. All for the selfishness of one generation.

I kindly ask that you please think with the foresight at the Native Americans who
came to this country before us. Seven generations ahead from now, will we be
grateful that we did fracking?

Sincerely,

Elise Edson

3035 Broadway St. #39
Boulder, CO 80304
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From: thecreativelinker

To: Boulder County Oil and Gas Comment
Subject: Please Extend for at least 3 to 5 more years!
Date: Monday, November 10, 2014 10:35:58 PM

This is my 2nd email on this because | forgot to add that | want a moratorium on
fracking in Boulder County

for a minimum of 3 more years and 5 or more would be even better!

Thank you,

MJoy Silva

303-772-2070
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From: thecreativelinker

To: Boulder County Oil and Gas Comment
Subject: Extension of fracking moratorium in Boulder County
Date: Monday, November 10, 2014 10:30:39 PM

Dear Boulder County Commisioners,

Please extend the moratorium on fracking in Boulder County. There are still too
many unanswered questions about the risk to our land, air, water quality to allow
the fracking industry to move forward in establishing a foothold here.

Thank You,

MJoy Silva, Longmont Resident

PO Box 6444

Longmont, CO 80401

303-772-2070
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From: tearsa larson

To: Boulder County Board of Commissioners
Subject: Amber Gonzalez
Date: Monday, November 10, 2014 10:19:05 PM

Please consider the.health and wellness of your citizens when deciding on your
Fracking moratorium. This is my daughter newly diagnosed with Acute Myeloid
leukemia. Research the causes of this form of leukemia. She does not have down
syndrome, no rare blood disorders, no previous chemotherapy. That leaves chemical
exposure or bad luck. We live 250 ft from a new fracking site. A site that had a fire
from stored.drilling chemicals in an OPEN container. The other picture is of my
grandbaby. She was diagnosed with "asthma" and has had ulcers on her face since
fracking started. She was perfectly healthy prior to moving into our home. The last
picture is of my daughter before she has had to fight for her life.

Please consider carefully.

Tearsa and Kyle Larson

303-946-9589
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From: Melissa Raglin

To: Boulder County Board of Commissioners
Subject: Fracking in Boulder County
Date: Monday, November 10, 2014 10:14:52 PM

Good evening,

I'm writing this email in regards to my family friend Amber Gonzalez who was recently diagnosed with
cancer due to being so close to a fracking site. The doctor wouldn't even release her to be in the
comfort of her own home because she was near this site. Her family had to struggle and gather all of
there belongings to a rental home so Amber could come home. Not only is Amber sick but her 4 year
old daughter was diagnosed with asthma and has skin rashes which her pediatrician suspects it's
because they are in close proximity to the fracking site. Please consider all of these awful side effects
before letting these sites into our beautiful home and the beautiful county of boulder.

Sincerely,

Melissa

Sent from my iPhone
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From: Lise Hildebrandt

To: Boulder County Oil and Gas Comment

Subject: Written form of oral comments for Moratorium hearing
Date: Monday, November 10, 2014 10:14:08 PM
Attachments: Statement for the Boulder County Commissioners.docx

Attached are the comments | made in person at the meeting. Thank you for hosting
the hearing.

Lise Hildebrandt
Sustainable Revolution Longmont
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Statement for the Boulder County Commissioners’ Hearing

on the Fracking Moratorium Extension

Nov. 10, 2014



Thank you, Commissioners, for the chance to speak.  My name is Lise Hildebrandt and I live in Longmont.  I have been an Episcopal priest for 25 years and have worked both in faith communities and public health.  I am currently co-director of Sustainable Revolution Longmont.



It is clear that you understand the many known and suspected health and safety risks associated with fracking, including earthquakes, soil, air, and noise pollution, the toxic trashing of millions of gallons of water that we cannot afford to lose in this arid climate, and the toll on the infrastructure.   You are surely aware that idea of natural gas as a so-called “bridge fuel” to reduce carbon emissions while still using fossil fuels has been shown to be false.  First, the production of shale gas releases large quantities of methane into the atmosphere, which is a much more potent greenhouse gas than carbon dioxide.  And secondly, cheap gas encourages increased consumption, not conservation, of fossil fuels.



I commend you for placing a moratorium on oil and gas expansion in 2012. I understand why you updated regulations on oil and gas development in the county, fearing that an all-out ban would be struck down by the courts.  But regulation is not enough.  Fracking is wrong and morally reprehensible.  To say that it is good for the economy and provides energy to support our way of life is not compelling.  Slavery was also an integral part of the American economy and it led to a way of life that was advantageous for many.  Supporters said that the economy could not survive without it and others tried to regulate it.  But slavery was, is, and always will be wrong and the way of life it supports is morally bankrupt.  



We know that climate change is caused by our use of fossil fuels, and its effect will just get worse.  Expanding production—especially of fracked shale gas—is wrong, unjust, and immoral.  Our fossil-fuel dependent economy and the way of life it supports are ethically and spiritually bankrupt.



We can, we must do better.  America WAS able to rebuild its economy after slavery.  We can do the same after fossil fuels.  But we start now.  Here.  By saying no to oil and gas expansion



I encourage you to extend the moratorium and to consider a permanent ban on fracking and oil expansion in Boulder County.  I challenge you to have courage and to do what you know is right.  







Lise Hildebrandt

1400 1st Avenue

Longmont, CO 80501   

[bookmark: _GoBack]lise@srlongmont.org


From: Hopi Darnell

To: Boulder County Oil and Gas Comment
Subject: Please extend moratorium on hydraulic fracturing
Date: Monday, November 10, 2014 8:54:32 PM

To Whom It May Concern,

I am extremely concerned about the negative impact of hydraulic fracturing to our community health
and environment. Methane is a much more powerful green house gas than CO2 and contributes
tremendously to climate change. It is a proven fact that methane gas is released during hydraulic
fracturing. This alone should be enough to ban this practice in our community. If not, the
contamination of drinking water is too great a risk to take. Clean water is a precious resource, for
Colorado especially, and it is our duty to protect it.

Sincerely,
Hopi Darnell

535 Mohawk Dr. #2
Boulder, CO 80303
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From: Lauren Schowe

To: Boulder County Board of Commissioners
Subject: Please extend the county moratorium on the 1800+ tracking wells
Date: Monday, November 10, 2014 7:29:56 PM

Money comes and money goes but human and land health does not... please follow conscience and do
right by the population who chooses to live here so as to be in a safer place - extend the moratorium on
the fracking wells in Boulder County. There has to be a place left on this Earth of ours where people
make smart and healthy decisions - and Boulder is too educated to not be that place. PLEASE!

Lauren Schowe
2427 7th St
Boulder, CO 80304
303-440-1310
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From: EcoEnclose

To: Boulder County Board of Commissioners
Subject: Fracking in Boulder County: Our video message to you...
Date: Monday, November 10, 2014 7:27:12 PM

Hello Ms. Domenico, Ms. Gardner, & Ms. Jones,

My husband is presenting the audio version of this video at today’s meeting...

This is our message to you...we would be super appreciative if you could carve out a
moment to watch:

http://youtu.be/ LIKIggOnWU

Thank you for taking the time to listen —

Erin Kimmett
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From: J. Erik Hartronft, AIA

To: Boulder County Oil and Gas Comment
Subject: Boulder County Oil and Gas Regulations - Suggested Modifications
Date: Monday, November 10, 2014 6:36:45 PM

Regarding the Boulder County Land Use regulations related to Oil and Gas operations in the County,
and the current moratorium, | would like to offer the following for consideration.

= The regulations specify setback distance from “occupied structures” which
would be defined as “any building or structure that requires a certificate of occupancy
or building or structure intended for human occupancy”.

| would suggest a modification to this definition as follows: “Occupied Structure - Any
building or structure, whether constructed, or approved per the Boulder County Site
Plan Review (SPR/SR/LISR) regulations, or Building Permit process, that requires a
certificate of occupancy or that is or would be intended for human occupancy”.

As you are aware, the Site Plan Review, Special Reviews, and Building Permit
applications require substantial time, effort and cost to prepare, submit and obtain
required approvals. If an approved site plan, or building permit exists on a specific
property, | believe that the property owner should have the right to pursue the
construction project with the understanding that the oil and gas drilling operations
would not violate the required setbacks simply due to the fact that the building has
not been completed and occupied.

= The regulations do not seem to limit the quantity of well heads or storage tanks
and other equipment located at a given well pad, or stipulate any different regulations
for multiple-well pad sites. As you are aware, with the advent of horizontal drilling,
we are seeing the aggregation of multiple wells on sites to increase the efficiency of
the operations, and this is presumably encouraged by the new oil and gas regulations
of Boulder County to minimize access roads, etc. | do not know the practical
limitations to aggregating multiple wells and equipment at a single site, but as
horizontal drilling distances increase, the number of wells, tanks and other equipment
at any given site could logically be increasing as well. It is not uncommon now to see
6-10 or more wells in a single site, and this could increase in the future. This requires
large quantities of storage in multiple tanks, more, larger separators and other
equipment. These sites visually convey exactly what they are, which is an intense
industrial use, often in residential areas. It should seem obvious that aggregating
large amounts of flammable oil and gas storage and processing equipment in a single
location would increase the health and safety risks to persons and properties within
the vicinity of such industrial facilities, thus requiring more stringent setbacks and
other regulations.

| believe that the Expedited Review process for existing well sites will simply
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encourage a fast-track to these large multiple-well sites, which should have larger
setbacks, but would be allowed lesser setbacks than new well sites. This approach
seems entirely backwards. It is not clear why we would encourage the intensification
of existing well sites close to occupied structures, thus increasing the risks.

Instead of encouraging the aggregation of these facilities, | believe that our
regulations should limit the intensity of any given drilling/processing operation for
public health, safety, aesthetic concerns, and basic good land use principles. We
should not encourage, or allow large industrial facilities near any occupied structures,
and we should require adequate screening of these types of facilities, regardless of
the size, but especially with these larger facilities. Clearly, this is an area that
warrants some additional study, but with the current setback regulations, | believe
that we should initially put a limit of 2-3 well heads on a single site, and similarly limit
the other infrastructure to the accommodation of only 2-3 wells. In my opinion, larger
multiple-well sites should be required to go through a more rigorous approval
process, and require greater setbacks.

= | believe that many issues have been brought up for your consideration in the
past few months, and leading up to this hearing regarding the expiration of the current
moratorium. | believe it is prudent to study the data that has been collected regarding
the health and safety issues related to these oil and gas operations and allow the
State task force to weigh in before the moratorium is lifted.

Thank you for your consideration of my input regarding this matter.

J. Erik Hartronft, AIA, LEEDe AP



From: Chris Freeman

To: Boulder County Oil and Gas Comment
Subject: Boulder County Drilling Ban

Date: Monday, November 10, 2014 5:29:48 PM
Attachments: image001.png

disclaimer.txt

As a Boulder County citizen | want the ban drilling lifted.

Regards,

Chris

Christopher A. Freeman
Managing Director

Energy Investment Banking

Wunderlich Securities, Inc.

1099 18! Street, Suite 2850

Denver, CO 80202
Office 303.965.7968

Cell 303.638.7455
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From: Paul Lawson

To: Boulder County Oil and Gas Comment
Subject: Comment on Oil and Gas Wells.
Date: Monday, November 10, 2014 5:18:48 PM

To Boulder County Commissioners Gardner, Jones, and Domenico:

| am a Ph.D. atmospheric scientist living in Boulder, and | am strongly against any
proliferation of oil and gas wellsin Boulder County. | call your attention to the recent
NOAA -CIRES study where aircraft measured hydrocarbons, methane and VOC emissionsin
Colorado (summary at http://www.edf.org/climate/methane-studiessNOAA -study-fag#l ).

“The data shows that state inventories underestimate hydrocarbon emissions in the basin by a
factor of 2 or more. Estimated methane emissions are reported to be almost three times higher
than those derived from estimates using EPA’ s 2012 greenhouse gas reporting data. The
authors also suggest this corresponds to a 2.6 — 5.6% leak rate of total natural gas production
from oil and gas wells. Emissions of smog-forming VOCs are twice as high as state
estimates and seven times higher for emissions of benzene, a known carcinogen.”

Additional recent studies conducted in the Western US by NOAA and NASA show similar
results.

Dr. Paul Lawson
3022 Sterling Circle

Boulder, CO 80301
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From: tearsa larson

To: Boulder County Board of Commissioners
Subject: My daughter has leukemia

Date: Monday, November 10, 2014 3:48:32 PM
Hi,

My daughter was diagnosed with Acute Myeloid leukemia on Sept 9th 2014. My
grandbaby was diagnosed 2 weeks later with reactive airway disease. We do not live
in Boulder however we live in Frederick or Weld county. | would like everyone there
to consider this. We lived roughly 250 ft from a fracking site. There was a fire from
200 or so gallons of unauthorized drilling liquids, that caught on fire from static
electricity. My daughter who is 29 with a 2 year old baby has a 40% chance of
survival AFTER chemotherapy. A bone marrow transplant will give her a higher
chance of survival if she lives. Attached is a photo of the fire and corner of my drive
way. One subdivision over my cousins son who is 10 has severe asthma and his 10
year old friend has leukemia. Please consider the health and lives of your citizens
Thank you

TEARSA AND KYLE LARSON

303-946-9589
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From: Betsy

To: Boulder County Board of Commissioners
Cc: Charlie Tucker

Subject: Pls extend ban on County Fracking
Date: Monday, November 10, 2014 3:48:16 PM

Dear Boulder County Commissioners,
I am another constituent urging you all to vote to extend the ban on fracking in the
County.

Betsy Jordan Hand
880 Sixth Street, Boulder 80302
303 447-8073
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From: Analiese Jones

To: Boulder County Oil and Gas Comment
Subject: Extend the moratorium!
Date: Monday, November 10, 2014 2:13:44 PM

Please extend the moratorium on the processing of applications in Boulder County
for oil and gas development! We deserve the right to determine what businesses are
located in our county, as well as the ability to control the negative repercussions of
drilling on the natural and human environment.

Thanks,

Analiese Jones
(208) 585-7233


mailto:analiese.jones@gmail.com
mailto:oilgascomment@bouldercounty.org

From: Charlie Tucker

To: Boulder County Oil and Gas Comment
Subject: EXTEND THE MORATORIUM!
Date: Monday, November 10, 2014 12:59:19 PM

PLEASE!! analysis of the fracking regulations obviously needed and the governor's
commission will be reviewing data next year. This is clearly NOT the time to lift the
moratorium

Charlie Tucker
303-506-2551
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From: Shellie Honemann

To: Boulder County Oil and Gas Comment
Subject: Extend the moratorium
Date: Monday, November 10, 2014 12:32:49 PM

Please extend the moratorium for further studies! | am very concerned about this
county and the environmental contamination or the need for more research, WE
need to extend the moratorium.

If the moratorium expires, the door would be open to natural gas extraction in the
unincorporated part of our county. This is county is one that should be different
from all the rest, one that can be used as an example of an organic, healthy
lifestyle. Boulder County needs to stay true to what it is, it is the next big place for
an agritourism destination, with people coming from across the country to
experience our farms, restaurants, and food related events. But who would want to
visit a farm community filled with gas drilling? Imagine a tourist taking a bike tour to
visit local farms and having to ride past numerous condensate burners flaring toxic
levels of benzene. Opening up our county to hydraulic fracking would be a huge
setback to the economic potential of agritourism, and a setback to the businesses of
our local sustainable farmers. (Ollin Farms)

EXTEND THE MORATORUM!
Shellie Honemann

2400 Skysail Ct.
Longmont, CO 80503
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From: Manfred Schwoch

To: Boulder County Oil and Gas Comment

Cc: Manfred Schwoch; Sharon Schwoch
Subject: Boulder County Fracking Moratorium
Date: Monday, November 10, 2014 11:34:55 AM

Dear Boulder County Commissioners:

Life does not stand still, even in America, and the state laws which
seemed suitable a century and a half ago must be brought in line with
today’s realities. Airports are built while settlements are still far

away, but as population density approaches such airports, they must
make concessions to current conditions by way of noise mitigation,
overflight restrictions, and more, and so must current oil and gas
operations.

Valentine’s Day 2013: The Boulder Daily Camera reports that “at least
84,000 gallons of water contaminated with oil and chemicals used in
hydraulic fracturing spilled from a broken wellhead 4 miles N of
Windsor.” The closest homes were about 1,500 feet away, and there
were other spills by PDC. This is one example of many, in Colorado,
other states, and abroad.

This week, as you know, Encana will begin fracking 6 wells near

Vista Pointe and Vista Ridge subdivisions in Erie; Encana spokeswoman
Wendy Wiedenbeck said that those living near these Encana operations
need not be concerned about their health and safety: “ We have a good
track record...; we're proud of the work we do.” Maybe so, but the

fact is that Encana, like all for-profit corporations, exists solely

for the benefit of shareholders.

The fact is also that home owners cannot expect sympathy, or help,
from their state government whose laws are skewed in favor of business
and mining, or from the federal government, especially now. The
so-called “right” of O&G companies to frack almost at the doorsteps of
home owners must be subordinate to the home owners’ right to be held
harmless from such operations.

It's no accident that increasingly mortgage companies and real estate
agencies have started asking about O&G operations near homes listed
for sale, and that such operations have begun to affect home values.
The Commissioners might want to read an article by Frank Kreith,
professor emeritus of engineering at C.U. entitled: “Can fracking be
safe?” in the Daily Camera of February 10, 2013. He thinks there is no
reason why fracking cannot be made safe, but read what he thinks it
would take to do that. In the current environment, at the federal

level certainly, the chances are exactly zero, and even in Colorado

the chances for such safeguards are questionable.

Therefore, Commissioners, please do everything possible to protect the
public's health and welfare by extending the moratorium until better
information of fracking’s risks is available.
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Manfred Schwoch
4666 Ipswich St.
Boulder, CO 80301

schwoch@colorado.edu



From: Stephen Balgooyen

To: Boulder County Oil and Gas Comment
Subject: Fracking Moratorium/Ban

Date: Monday, November 10, 2014 9:34:14 AM
Hello!

Please keep the Fracking Moratorium going in Boulder County. An outright (world-
wide) ban is what is needed, really--but let's start here. Just look at the extreme
drought going on in California, and consider that the biggest water hog of all is
hydro-fracking. Not to mention the fact that most or all wells leak at some point in
their lifetime, endangering the ever-dwindling groundwater that remains. Look
beyond short term greed and the big-oil propaganda and do the right thing for THE
WORLD! Even oil executives (and their kids and grandkids) need fresh water. We are
wasting and endangering the best clean water supplies IN THE WORLD for short
term profits based on unsustainable energy policy. Stop the madness, please, before
it's too late.

Stephen Balgooyen

Boulder,CO


mailto:stephen.balgooyen@gmail.com
mailto:oilgascomment@bouldercounty.org

From: Mark Rush

To: Boulder County Oil and Gas Comment
Subject: No Fracking
Date: Monday, November 10, 2014 9:03:39 AM

This message was sent securely using ZixCorp.

Dear Commissioners,

I am writing to express my ardent support for the continued moratorium on fracking. Oil and gas
industry has shown blatant disregard for the will of the people which has continually proven to be
opposed to fracking. From an economic perspective, fracking isn't even profitable. Drillers can only
operate by taking on excessive debt (U.S Energy Information Agency). In fact, it costs drillers on
average $1.17 to produce $1.00 of product. Why would we allow a economic boondoggle like this
access to our beautiful state and put at risk the health of our environment and the people who live
here?

| suggest the commissioners follow the lead of the citizens in Denton, TX and ban fracking all together.

Mark Rush

This message was secured by ZixCorp(R).
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From: Ginger Riversong

To: Boulder County Oil and Gas Comment
Subject: Extend the moratorium
Date: Monday, November 10, 2014 9:02:18 AM

I cannot be at the hearing today because of family responsibilities, but I would if |
could!

Count me among the supporters of extending the moratorium for as long as
possible. Protect the health and safety of our citizens from the destructive operation
of hydraulic fracturing!!

Thank you for continuing to take my comments. | am counting on you to stand up
to industry on belalf of the people of Boulder county.

Ginger
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From: marilyngrotzky@comcast.net

To: Boulder County Oil and Gas Comment
Subject: fracking in Boulder County
Date: Monday, November 10, 2014 9:01:42 AM

Fracking is currently taking resources that might be needed in the future, selling
them to profit corporations, and leaving us with higher rates of cancer and other
health problems, poisoned water and land, and wasted water resources, as well as a
mess where there is currently beauty, not to mention contributing to climate

change. What's more, the oil will be exported in most cases, and sent to people
who may one day want to go to war with our kids, if not us, and are likely to
complete with us economically currently. Shortsighted doesn't begin to describe it. |
didn't get to this point to be part of the generation that destroyed the future.

As someone regrowing her hair after chemo, | can tell anyone interested that a
higher rate of debilitating disease is not something we really need or want. What a
waste of time and energy. We have one of the healthiest communities in the US
and live in one of the most beautiful places. To throw that away for a little money
is something the next generation will never forgive us for, nor should they.
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From: Pete

To: Boulder County Oil and Gas Comment
Subject: Support for extending the moratorium
Date: Monday, November 10, 2014 8:55:21 AM

Dear County Commissioners,

I have submitted comments in the past in support of the moratorium on oil and gas
development in unincorporated Boulder County. Nothing has changed my opinion
since | submitted my past comments — so | again support extending the
moratorium. Information and recommendations from the Governor’s task force may
change my mind — but we will have to wait and see what they come up with and
how the Governor acts. | certainly hope he wakes up and realizes that he is on the
wrong side of history.

In the meantime, | offer the following link as my current input to help inform your
decision.

The talented folks at University of Colorado’s Center of the American West produced
a video of my March 2014 FrackingSense presentation. You can watch the video
‘Redefining responsible oil and gas development” at this link
https://www.youtube.com/watch?v=KbSy 8KNjcY CAW staff combined my
PowerPoint slides, with audio and a camera view to create the video. | covered a lot
of material in this presentation — which represents the evolution of my thoughts
since 2001 -- so this video is quite long (1 hour and 40 minutes).

Also - this link takes you to my shorter 20 minute presentation at Utah State
University in 2012 https://www.youtube.com/watch?v=VjZH2p5Rajo

You can find more energy related documents on the website of a new non-profit
think tank called Conservation Economics Institute http://www.conservationecon.org/
Dr. Evan Hjerpe is the Executive Director of the Conservation Economics

Institute and I serve on the Advisory Board of CEI.

If you have any questions, just ask.
Thank you for your time in public service.

Best regards,
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Pete Morton, Ph.D.

Conservation Economics Institute
618 Alpine Ave

Boulder, CO

303-993-3727



From: esjboulder@gmail.com on behalf of Eric Johnson

To: Boulder County Oil and Gas Comment
Subject: fracking moratorium
Date: Monday, November 10, 2014 8:53:57 AM

Dear Commissioners:

Please continue the fracking moratorium. Boulder County residents deserve clean air
and water, and new information about the hazards of fracking continues to emerge.
The whole picture vis-a-vis safety issues with fracking is by no means complete.

Thanks,
Eric Johnson

3030 14th St
Boulder CO 80304
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From: Erik Sween

To: Boulder County Oil and Gas Comment
Subject: Public Comment for Extending

Date: Monday, November 10, 2014 8:52:29 AM
Hi,

My name is Erik Sween. | live at 49 Barber Lane in Eldorado Springs. | am very
concerned about increased Fracking in Boulder County. | recently drove up to Weld
County and was shocked to see how many condensate tanks and well pads there

WEere.

Please extend the moratorium for permitting new oil and gas development in Boulder
County beyond January, 2015. We do not know the health and environmental risks
yet. Independent research is being conducted, but hasn't been completed yet. The
Oil and Gas Industry invests tremendous amounts of money into spinning the real
issues. To make long term decisions that endanger the health and safety of Boulder
County residents is wrong. Please extend the moratorium until we have research
that can be trusted.

Thanks, Erik Sween
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From: Wanda Galiani

To: Boulder County Board of Commissioners
Subject: fracking moratorium
Date: Monday, November 10, 2014 7:23:02 AM

As a resident of Boulder County - specifically Longmont - | urge the
Commission to extend the county's moratorium on fracking for at least 6
months but preferably for another year. Because the governor has
formed a task force to work out conflicts between state and local
concerns it is imperative that the current moratorium be left in place.
That will provide time for the county to work through any legal appeals
concerning possible new procedures/policies which might come out of the
task force's work and send the message that the communities original
objects have not been resolved.

| appreciate your work on this issue and | hope you will continue to
protect the health and quality of life in the communities of Boulder County.
Wanda Galiani

I assume that this email will be immediately distributed to each of the
3 commissioners. | was unable to find a link to their individual addresses.
Thank you,

This email is free from viruses and malware because avast! Antivirus protection is active.
http://www.avast.com
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From: Scott Smith

To: Boulder County Board of Commissioners
Subject: It"s a great day to free ourselves from being fracked
Date: Monday, November 10, 2014 6:35:32 AM

Good morning:

I’'m excited to share my thoughts and experiences with my fellow county residents today to inform and
inspire them to stand against the neo-industrial insanity called fracking.

Kind regards,

Scott Smith

Boulder
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From: wishdoctor@gmail.com

To: Boulder County Oil and Gas Comment
Subject: NO FRACKING
Date: Monday, November 10, 2014 6:14:23 AM

no no no - buhbye oil & gas - NOT IN MY COUNTY!
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From: Food & Water Watch on behalf of Joy Murphy

To: Boulder County Board of Commissioners
Subject: Please extend the moratorium on fracking
Date: Sunday, November 09, 2014 11:34:34 PM
Nov 10, 2014

Ms. Deb Gardner
1325 Pearl Street
Boulder, CO 80302-5247

Dear Ms. Gardner,

I urge you to protect our drinking water, our clean air and our
property by extending the moratorium on fracking in Boulder County.

We have seen the harmful impacts that fracking has on our neighboring
communities: it is bad for health, lowers property values and
contaminates air and water.

As you know, the current moratorium on fracking will expire in a few
short months. In order to protect the things that make Boulder County
great, we need to extend the moratorium for three years.

| urge you to protect Boulder County residents and the environment by
extending the moratorium on fracking.

Sincerely,
Mrs. Joy Murphy

325 London Ave
Lafayette, CO 80026-1131
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From: Emily Harms

To: Boulder County Oil and Gas Comment
Subject: Beautiful Boulder LIFE
Date: Sunday, November 09, 2014 10:24:12 PM

My name is Emily Harms. | am 23 years old and have been living in Boulder for 2 years. | work at Fate
Brewing Co., and am working on renewing my cosmetology license so | can continue my artistic work as
a hairstylist full time. |1 spend my free time doing yoga, hiking, reading, and, recently, volunteering to
spread awareness about an issue that affects all of us.

Within the last year, | have gone through powerful transformation and | could not have done so without
the kindness, compassion, and undying support of my community. Nature has also been an
unforgettable part of my healing. 1 am so blessed to be surrounded by such beauty. We all are. | do not
take for granted the majestic mountains right in our backyard, the flowing Boulder creek, nor the many
smiling faces | encounter day to day in this precious place I call home. | am writing coming from a place
of gratitude, and asking that you do everything in your power to protect the well being of myself, my
community, and this breathtaking section of earth.

Please extend the moratorium on fracking for 3 more years. We need to keep our land and ourselves
healthy and thriving, and there is no room for the irreversible, destructive act of fracking in our county.
In our state, nation, world ~ either. But it all starts right here. | am asking that you extend this ban to
promote the general welfare and secure our Blessings of Liberty.

With love and thanks,

Emily Harms
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From: Alison Ramadei

To: Boulder County Oil and Gas Comment
Subject: NO MORE FRACKING!!
Date: Sunday, November 09, 2014 9:13:49 PM

Water is simply more important the dirty fuel. Think of your grandchildren . . .
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From: Rhonda Akin

To: Boulder County Oil and Gas Comment
Subject: In favor or extending the moratorium on fracking
Date: Sunday, November 09, 2014 8:26:50 PM

To Boulder County Commissioners Gardner, Jones, and Domenico:

I urge you to extend the moratorium, and better yet, be bolder, and enact a ban on
this industry now. Do not trade the well-being of Boulder County now and into the
future for the short-term profits of foreign business entities seeking to control our
land’s resources for the “boom” in their profits until their industries’ bubble bursts
and busts our quality of life, leaving we the residents and our children to pay the
true costs to our communities of oil and gas activities. These industries demonstrate
a pervasive and unrepentant disregard for the stewardship and the benefit of the
commons, leaving contaminated air, water, soil, and scarred landscape in the wake
of their assaults on communities around the world.

“A lot of people accept the mantra promoted by the polluters...and their indentured
servants in the political process...and the media, that we have to choose between
good environmental protection on the one hand and a strong economy on the other:
That is a false choice. In 100% of these situations, good environmental policy is
identical to good economic policy.” Robert F. Kennedy, Jr

I hope my children, grandchildren, and | will be able to thank you for courageously
standing up to the State and big oil and gas, on behalf of your Boulder County.

Rhonda Akin
535 Mohawk Dr.
Boulder, CO 80303
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From: Pam Piombino

To: Boulder County Oil and Gas Comment
Subject: Drilling Permit Moratorium

Date: Sunday, November 09, 2014 8:18:34 PM
Attachments: AudubonPositionOnOil-GasMoratorium.docx

Dear Commissioners,

Please find attached comments from Boulder County Audubon Society, concerning
the oil/gas drilling moratorium.

Sincerely,
Pam Piombino
President, Boulder County Audubon
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November 9, 2014

To: Boulder Board of County Commissioners

Commissioners:

The 1600 members of the Boulder County Audubon Society are deeply concerned with the impacts of increased oil and gas drilling at the eastern edge of the county, even with the current moratorium on new permits in Boulder County in place. As frequent observers of avian life on the plains, many of us have been personally affected by the heavy oil & gas development in Weld County, where we frequently encounter serious air pollution and observe the degradation of wildlife due to both pollution and industrial activities. Many of our members would prefer an outright ban on new oil & gas development in Boulder County.

However, we recognize the legal and jurisdictional limitations faced by local government, and we commend you for your thoughtful and well-crafted moratorium, which carefully avoids conflicts both with the property rights of the owners of the mineral estate and with state law.

We urge you to continue the moratorium at least until the beginning of 2016, which will protect the health and well-being of Boulder County citizens, as well as the ecosystems on both our public and private lands. There are a number of justifications for doing so:

· With the update just adopted of the Environmental Element of the Boulder County Comprehensive Plan, it is important to ensure that new oil & gas regulations meet the new goals that have been established, particularly with regard to species of concern and wildlife corridors. This is particularly critical for county and municipal open space that has been purchased to provide habitat.

· In addition to the important studies identified by staff, there have been several new studies recently published reporting on research done under the auspices of NCAR and CIRES, which indicate that important air pollutant concentrations  are over twice as high in Weld County oil & gas fields as both the state of Colorado and the EPA have assumed as the basis for their regulations. (See Pétron et al. 2014, in Journal of Geophysical Research: Atmospheres.) These pollutants include important carcinogens and ozone precursors, and some time will be required for the state agencies to re-evaluate their regulations, as well as for Boulder County to determine the implications for its permitting requirements.

· [bookmark: _GoBack]Following discussions with all stakeholders, the governor created a task force specifically charged with resolving jurisdictional conflicts between the state and local governments. This task force is charged with making recommendations for legislation, intergovernmental agreements, and other means of resolving questions of regulatory authority. A moratorium on issuance of drilling permits is obviously required while this process takes its course. That will almost certainly occupy all of 2015.

Yours truly,

Pam Piombino, President, Boulder County Audubon Society
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From: Richard Summers

To: Boulder County Oil and Gas Comment

Cc: Heatherwood Neighborhood

Subject: Please Stop QOil / Gas Extraction Near Neighborhoods
Date: Sunday, November 09, 2014 7:27:03 PM

Dear Commissioners Domenico, Gardner and Jones,

Please stop oil and gas extraction activities from occurring within 2500 feet
of densely populated residential subdivisions.

[ am a native Coloradan, a member of the middle class and I consider my
political viewpoints to be middle of the road. I have two young children and
live near an elementary school in unincorporated Boulder. My home
represents my largest single investment and a lifetime of hard work, and I
want to live in it for the next 40 years. My neighborhood is at risk for
expanded oil and gas operations within a half mile of school and homes. 1
have watched the threat of increased energy extraction activity introduce
significant neighborhood tension and lower our collective quality of life.

I have spent many hours researching the different viewpoints on both sides
of this complex issue. I conclude that modern energy extraction activities
near my home pose direct health, safety, environmental and economic risk
to my family and neighborhood well-being. Local zoning laws prohibit
locating heavy industrial activity in residential areas for good reason, and it
seems unfathomable that a single industry should be exempt.

Noble Energy’s Dec 2013 SEC 10K filing for investors details the risk the
company acknowledges in energy extraction operations, stating: “The
insurance we carry is insufficient to cover all of the risks we face, which
could result in significant financial exposure. Exploration for and
production of crude oil and natural gas can be hazardous, involving natural
disasters and other unfortuitous events such as blowouts, well cratering, fire
and explosion and loss of well control which can result in damage to or
destruction of wells or production facilities, injury to persons, loss of life, or
damage to property and the environment.” They warn shareholders against
possible loss of stock value, but the effects of these risks go far beyond the
loss of shareholder value for close proximity neighborhoods. Forgive me for
not wanting my home, family and neighborhood to be unwilling stakeholders
in this risk!

A number of industry independent reports, including one entitled “Proximity
to Natural Gas Wells and Reported Health Status: Results of a Household
Survey in Washington County, Pennsylvania Advance Publication: 10
September 2014” from the National Institute of Health states that “The
number of reported health symptoms per person was higher among
residents living <1 km (mean 3.27 * 3.72) compared with >2 km from the
nearest gas well (mean 1.60 = 2.14, p=0.02). See
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http://ehp.niehs.nih.gov/1307732/

Other reports highlight the need for 24 /7 monitoring of dangerous airborne
chemical emissions near gas operations, and that the infrequent air quality
spot checks performed by state regulators are completely inadequate and do
not pick up instantaneous emissions. See National Geographic article

(http:/ /news.nationalgeographic.com/news/energy/2014/10/141030-
dangerous-chemicals-in-air-near-oil-and-gas-sites-study/). Colorado
regulatory capability and industry practice falls dangerously short of such
24 /7 monitoring standards and rapid response capabilities.

In addition to reducing neighborhood health and well-being, negative
economic impacts on a neighborhood’s property values threatens many
families economic security. It is not just ordinary middle class citizens who
worry about close proximity energy extraction activities. I note that Rex
Tillerson, CEO of Exxon Mobil joined a lawsuit to stop fracking related
activities near his Texas ranch because “the water tower is diminishing
neighbors' property values and "causing unreasonable discomfort and
annoyance to persons of ordinary sensibilities."

(http: / /www.huffingtonpost.com /2014 /0 1 /exxon-ceo-rex-tillerson-
lawsuit n 4833185.html).

Many middle class families in Weld county are facing Rex Tillerson’s
dilemma, and it is especially upsetting that Encana is pressing ahead with
13 wells near an Erie neighborhood (Daily Camera article 10/31/2014),
ahead of any findings or compromise agreements of Governor Hickenlooper’s
recently established fracking commission. This is an act of bad faith which
telegraphs the intent of oil and gas industry and the Colorado Oil and Gas
Commission with regard to compromise. They don’t respect neighboring
property owners and are unable to restrain themselves.

It is clear that average voters around the country, and notably in the
politically conservative city of Denton Texas, are opposed to oil and gas
developments that are too close to heavily populated areas. These initiatives
win politically because certain oil and gas operations defy common sense,
even though industry outspends opponents 10 to 1 in political advertising.
Opponents of Denton’s fracking ban are already planning to invoke the
Texas state constitution to overturn the ban.

Unfortunately, it seems that a similar battle will have to be fought in
Colorado by resurrecting the state constitution amendment ballot
initiatives. It is clear that powerful energy extraction companies are
pursuing policies of unrestrained economic gain at the expense of the well-
being of ordinary citizens, and it is time for courageous elected individuals
to stand up for the majority of their constituents.

Sincerely,
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Rich Summers
4623 Jameston St
Boulder CO 80301



From: michelle behrens

To: Boulder County Oil and Gas Comment
Subject: extend the moratorium
Date: Sunday, November 09, 2014 4:52:08 PM

Dear Boulder County Commissioners,

As a mother of two young children, a Longmont citizen, and Boulder native, |
am begging you to please extend the moratorium on Hydraulic Fracturing for five
years in Boulder County. Given the limited research we have on the long term
effects of oil and gas development on human health and natural resources, | believe
it is reckless and irresponsible to allow this industry to exploit land in Boulder
County.

Already, all of the Boulder County communities are experiencing tremendous
population growth, which has led to more air pollution from traffic, more housing
developments, and less land. If we were to allow fracking on Boulder County lands,
this would increase traffic congestion, but with heavy trucks transporting millions of
gallons of water and fracking fluids (which the contents are still unknown due to
industry trade secrets). Because the state won't fund air and water testing (reminds
me of Rocky Flats), we really don't know what the impacts could be on our ground
water, habitat, and the air we all breathe.

Boulder County attracts people because of its beauty, the clean air and water,
and multiple recreational opportunities. We have an incredibly dynamic and
prosperous community because of this. Do we want to compromise everything
Boulder County stands for in order to get industry bullies off our backs? Please be
bold and strong, and say no to fracking in our community. Please let your highest
consciousness drive your decision on this. When we access our good conscience, we
place human health and happiness above corporations and greed.

We are looking to you to protect us as invested, caring Boulder County citizens.
Those of us who worked extremely hard on banning fracking in the city of Longmont
are relying on you to protect our whole community. Please do the right thing.

Sincerely,
Michelle Skagen
Educator
Mother
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From: Raymond Bridge

To: Boulder County Oil and Gas Comment

Subject: PLAN-Boulder County Comments on Extending Moratorium
Date: Sunday, November 09, 2014 3:44:38 PM

Attachments: PBCPositionOnOil -GasMoratorium.pdf

Commissioners:

Attached is PLAN-Boulder County’s letter of support for extending the moratorium on
issuing oil and gas drilling permits.

Raymond Bridge, Co-chair, PLAN-Boulder County
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~ PLAN-Boulder
County

planboulder.org

= == P.0. Box 4682 Boulder, CO 80306

November 8, 2014

To: Boulder County Commissioners

From: PLAN-Boulder County Board of Directors

Dear Commissioners:

We urge you to extend the current temporary moratorium on issuing permits for oil and gas permits in Boulder County at least
until the end of 2015.

In addition to some of the reasons cited in earlier resolutions, there have been a number of developments that need further study

by staff to draft appropriate conditions for issuance of permits while protecting the health and safety of the citizens of Boulder

County:

Observations by NOAA, some of them made in and adjoining Boulder County, indicate that emissions from working oil and
gas drilling operations are significantly higher than currently assumed by the EPA and the state®. Evaluations of these
newly published observations both by the state of Colorado and Boulder County will be necessary to set conditions for
new oil and gas permits.

The principal impacts both on roads and on residents from oil and gas operations result from the heavy truck traffic
required to transport produced water to injection wells for disposal. Recently, several operations in Weld County have
been converted to use pipelines rather than trucks for this purpose. The feasibility of requiring this approach in eastern
Boulder County should be investigated before the BoCC finalizes permit requirements.?

Most importantly, a task force has been created by executive order of the governor specifically charged with making
recommendations on resolving possible conflicts between state and local regulatory authority over oil and gas regulation.
The deliberations of this task force, its recommendations, possible legislative action, and possible intergovernmental
agreements can be expected to occupy most of 2015, so it makes sense to extend the moratorium until the beginning of
2016.

Respectfully,

Raymond Bridge, Co-Chair, PLAN-Boulder County

! Gabrielle Pétron, Anna Karion, Colm Sweeney, Benjamin R. Miller, Stephen A. Montzka,

Gregory J. Frost, Michael Trainer, Pieter Tans, Arlyn Andrews, Jonathan Kofler, Detlev Helmig,

Douglas Guenther, Ed Dlugokencky, Patricia Lang, Tim Newberger, Sonja Wolter,

Bradley Hall, Paul Novelli, Alan Brewer, Stephen Conley, Mike Hardesty, Robert Banta,

Allen White, David Noone, Dan Wolfe, and Russ Schnell, 2014, A new look at methane and nonmethane hydrocarbon emissions from oil and
natural gas operations in the Colorado Denver-Julesburg Basin. Journal of Geophysical Research: Atmospheres, v. 119, pp. 6836-6852.

% Jim Burke, President, NGL Energy Partners, 10/30/2014 Energy Lecture at Getches-Wilkinson Center, University of Colorado Law School.






From: Susan Morris

To: Boulder County Oil and Gas Comment
Subject: Fracking moratorium
Date: Sunday, November 09, 2014 3:17:14 PM

To the County Commissioners

I am writing to ask you to continue the moratorium on Fracking for Boulder County.
I don't feel that any of us have all of the scientific information necessary to change
that approach. Clean air and water are critical to our way of life in Boulder County.
Lets continue our current stance until we get clear scientific information that tells us
that fracking is not harmful.

Thanking you, in advance, for continuing the moratorium.

Susan Morris

939 West Maple Ct

Louisville, CO 80027
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From: Sierra Club Membership Services on behalf of Jim Dennis

To: Boulder County Oil and Gas Comment

Subject: Boulder County Oil and Gas Exploration Moratorium Must Be Extended (Resolution 2013-55)
Date: Sunday, November 09, 2014 1:52:03 PM

Nov 9, 2014

Boulder County Commissioners

Thank you for the unanimous decision made in June 2013 to enact a
moratorium on oil and gas exploration in Boulder County. Your vote was
greatly appreciated and crucial to the protection our community.

Now, the moratorium must be extended until we are assured that our
communities and the environment are protected. We request that this
moratorium be extended at least until June 2018 when: (1) health
studies will provide data as to the safety of extraction activities

next to homes, schools and businesses; (2) county or statewide
regulations are in place to adequately protect our land, air, water and
our communities; and (3) a monitoring system that is not based on
self-reporting by oil and gas industry is ready to launch.

Our beautiful open spaces must be exempt from any exploration or
drilling. Please extend the moratorium initiated by Resolution 2013-55
and 2014-56. We must provide a safe place to live and play free from
the harm of toxic fracking for all the citizens of Boulder County.

Sincerely,
Mr. Jim Dennis

PO Box 13
Pritchett, CO 81064-0013
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From: Leslie Glustrom

To: Boulder County Board of Commissioners

Subject: PLEEEEEESE Extend the Moratorium on Fracking

Date: Sunday, November 09, 2014 1:25:53 PM
Attachments: PNAS-2013-Jackson-Water Contamination Marcellus.pdf

2011 Howarth and Ingraffea Letter to Climate Change on GHGs from Shale Gas.pdf
2014 Methane Leakage Eaale Ford and Bakken.pdf

2014 EHP Birth Outcomes Rural Colorado.pdf

2014 Nature High Winter Ozone Uinta Basin.pdf

2014-02 Science MethanelLeaks.pdf

Dear Commissioners--1 will not be able to attend the hearing on extending the
moratorium on fracking on Monday November 10, 2014 but

| PLEAD WITH YOU TO EXTEND THE MORATORIUM.

The science is still out, but there is an increasingly large body of scientific studies
indicating that there are very real and serious health and environmental threats
posed by fracking.

| believe you will be getting several summaries of the science, but I've included a
number of studies indicating the air, water and climate impacts that accompany the
production of natural gas.

We must not make a decision before the scientific process has been allowed to

prodeed so that we do the research BEFORE allowing a practice that threatens all
of our health and safety.

It would make absolutely no sense to drill first and do the studies second!!

Also--1 am quite chemically sensitive and | am already struggling with the levels of
chemicals in the air and if the levels of volatile organic chemicals were to increase, |
would likely need to leave Boulder County as | am already feeling the effects
(headaches, dizziness and nausea most days of my life....).

PLEEEEEEESE extend the moratorium--for our county, our environment
and those that are already feeling the impacts--including me.

Thank you for your service--and putting the protection of our County first.

Leslie Glustrom

Leslie Glustrom
Clean Energy Action "Emeritus"

4492 Burr Place
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Increased stray gas abundance in a subset of drinking
water wells near Marcellus shale gas extraction

Robert B. Jackson®?, Avner Vengosh?, Thomas H. Darrah?, Nathaniel R. Warner®, Adrian Down®®, Robert J. Poreda®,
Stephen G. Osborn®, Kaiguang Zhao®®?, and Jonathan D. Karr®®

2Division of Earth and Ocean Sciences, Nicholas School of the Environment and PCenter on Global Change, Duke University, Durham, NC 27708; “Department
of Earth and Environmental Sciences, University of Rochester, Rochester, NY 14627; and “Geological Sciences Department, California State Polytechnic

University, Pomona, CA 91768

Edited by Susan E. Trumbore, Max Planck Institute for Biogeochemistry, Jena, Germany, and approved June 3, 2013 (received for review December 17, 2012)

Horizontal drilling and hydraulic fracturing are transforming energy
production, but their potential environmental effects remain contro-
versial. We analyzed 141 drinking water wells across the Appalachian
Plateaus physiographic province of northeastern Pennsylvania, ex-
amining natural gas concentrations and isotopic signatures with
proximity to shale gas wells. Methane was detected in 82% of
drinking water samples, with average concentrations six times
higher for homes <1 km from natural gas wells (P = 0.0006). Eth-
ane was 23 times higher in homes <1 km from gas wells (P =
0.0013); propane was detected in 10 water wells, all within ap-
proximately 1 km distance (P = 0.01). Of three factors previously
proposed to influence gas concentrations in shallow groundwater
(distances to gas wells, valley bottoms, and the Appalachian Struc-
tural Front, a proxy for tectonic deformation), distance to gas wells
was highly significant for methane concentrations (P = 0.007; mul-
tiple regression), whereas distances to valley bottoms and the
Appalachian Structural Front were not significant (P = 0.27 and
P = 0.11, respectively). Distance to gas wells was also the most
significant factor for Pearson and Spearman correlation analyses
(P < 0.01). For ethane concentrations, distance to gas wells was the
only statistically significant factor (P < 0.005). Isotopic signatures
(6"3C-CH,4, 6'3C-C,H,, and 82H-CHy4), hydrocarbon ratios (methane
to ethane and propane), and the ratio of the noble gas “He to CH,
in groundwater were characteristic of a thermally postmature
Marcellus-like source in some cases. Overall, our data suggest that
some homeowners living <1 km from gas wells have drinking
water contaminated with stray gases.

carbon, hydrogen, and helium isotopes | groundwater contamination |
geochemical fingerprinting | fracking | hydrology and ecology

U nconventional sources of gas and oil are transforming energy
supplies in the United States (1, 2). Horizontal drilling and
hydraulic fracturing are driving this transformation, with shale gas
and other unconventional sources now yielding more than one-
half of all US natural gas supply. In January of 2013, for instance,
the daily production of methane (CHy) in the United States rose to
~2 x 10° m®, up 30% from the beginning of 2005 (3).

Along with the benefits of rising shale gas extraction, public
concerns about the environmental consequences of hydraulic
fracturing and horizontal drilling are also growing (4, 5). These
concerns include changes in air quality (6), human health effects
for workers and people living near well pads (5), induced seis-
micity (7), and controversy over the greenhouse gas balance (8, 9).
Perhaps the biggest health concern remains the potential for
drinking water contamination from fracturing fluids, natural
formation waters, and stray gases (4, 10-12).

Despite public concerns over possible water contamination,
only a few studies have examined drinking water quality related to
shale gas extraction (4, 11, 13). Working in the Marcellus region of
Pennsylvania, we published peer-reviewed studies of the issue,
finding no evidence for increased concentrations of salts, metals,
or radioactivity in drinking water wells accompanying shale gas
extraction (4, 11). We did find higher methane concentrations and

www.pnas.org/cgi/doi/10.1073/pnas.1221635110

less negative 8'*C-CH, signatures, consistent with a natural gas
source, in water for homeowners living <1 km from shale gas wells
(4). Here, we present a more extensive dataset for natural gas in
shallow water wells in northeastern Pennsylvania, comparing the
data with sources of thermogenic methane, biogenically derived
methane, and methane found in natural seeps. We present com-
prehensive analyses for distance to gas wells and ethane and pro-
pane concentrations, two hydrocarbons that are not derived from
biogenic activity and are associated only with thermogenic sources.
Finally, we use extensive isotopic data [e.g., 8" C-CH,, 5°H-CH,,
8!3C-C,Hj, 6'3C-dissolved inorganic carbon (613C-DIC), and
8*H-H,0] and helium analysis (*He/CH,) to distinguish among
different sources for the gases observed (14-16).

Our study area (Figs. S1 and S2) is within the Appalachian
Plateaus physiographic province (17, 18) and includes six counties
in Pennsylvania (Bradford, Lackawanna, Sullivan, Susquehanna,
Wayne, and Wyoming). We sampled 81 new drinking water wells
from the three principle aquifers (Alluvium, Catskill, and Lock
Haven) (Fig. S1) (11). We combined the data with results from 60
previously sampled wells in Pennsylvania (4) and included a few
wells from the Genesee Formation in Otsego County of New York
(4). The typical depth of drinking water wells in our study was 60—
90 m (11). We also sampled a natural methane seep at Salt Springs
State Park in Franklin Forks, Pennsylvania (N 41.91397, W 75.8663;
Susquehanna County) to compare with drinking water from homes
in our study, some located within a few kilometers of the spring.

Descriptions of the underlying geology, including the Marcellus
Formation found 1,500-2,500 m underground, are presented in
refs. 4 and 11 and Fig. S2. Previous researchers have characterized
the region’s geology and aquifers (19-23). Briefly, the two major
bedrock aquifers are the Upper Devonian Catskill Formation,
comprised primarily of a deltaic clastic wedge gray-green to gray-
red sandstone, siltstone, and shale, and the underlying Lock
Haven Formation, consisting of interbedded fine-grained sand-
stone, siltstone, and silty shale (19, 22, 24). The two formations
can be as deep as ~1,000 m in the study area and have been
exploited elsewhere for oil and gas historically. The sedimentary
sequences are gently folded and dip shallowly (1-3°) to the east
and south (Fig. S2), creating alternating exposures of synclines
and anticlines at the surface (17, 23, 25). These formations are
overlain by the Alluvium aquifer, comprised of unconsolidated
glacial till, alluvium sediments, and postglacial deposits found
primarily in valley bottoms (20, 22).
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Fig. 1. Concentrations of (Upper) methane, (Lower) ethane, and (Lower
Inset) propane (milligrams liter™") in drinking water wells vs. distance to
natural gas wells (kilometers). The locations of natural gas wells were
obtained from the Pennsylvania DEP and Pennsylvania Spatial Data Access
databases (54). The gray band in Upper is the range for considering hazard
mitigation recommended by the US Department of the Interior (10-28 mg
CHy4/L); the department recommends immediate remediation for any value
>28 mg CHy/L.

Results and Discussion
Dissolved methane was detected in the drinking water of 82% of
the houses sampled (115 of 141). Methane concentrations in
drinking water wells of homes <1 km from natural gas wells (59
of 141) were six times higher on average than concentrations for
homes farther away (P = 0.0006, Kruskal-Wallis test) (Fig. 1 and
Fig. S3). Of 12 houses where CH, concentrations were greater
than 28 mg/L (the threshold for immediate remediation set by
the US Department of the Interior), 11 houses were within 1-km
distance of an active shale gas well (Fig. 1). The only exception
was a home with a value of 32 mg CHy4/L at 1.4-km distance.
Similar to the results for methane, concentrations of ethane
(C,Hg) and propane (C5Hg) were also higher in drinking water
of homes near natural gas wells (Fig. 1). Ethane was detected in
40 of 133 homes (30%; 8 fewer homes were sampled for ethane
and propane than for methane). Propane was detected in water
wells in 10 of 133 homes, all approximately <1 km from a shale
gas well (P = 0.01) (Fig. 1, Lower Inset). Ethane concentrations
were 23 times higher on average for homes <1 km from a gas well:
0.18 compared with 0.008 mg C,Hg/L (P = 0.001, Kruskal-Wallis).
Seven of eight C,Hg concentrations >0.5 mg/L were found <1 km

20f 6 | www.pnas.org/cgi/doi/10.1073/pnas.1221635110

from a gas well (Fig. 1), with the eighth point only 1.1 km away
(Fig. 1). Moreover, the higher ethane concentrations all occurred
in groundwater with methane concentrations >15 mg/L (P = 0.003
for the regression of C, and C;) (Fig. S4), although not all higher
methane concentration waters had elevated ethane.

Ratios of ethane to methane (C,/C;) and propane to methane
(G5/C,) were much higher for homes within ~1 km of natural gas
wells (Fig. 2). Our high C;/C; samples were also an order of
magnitude greater than in salt-rich waters from a natural methane
seep at the nearby Salt Springs State Park (mean [G5])/[C] =
0.000029 and [C3] = 0.0022 mg/L for the salt spring samples).
Because microbes effectively do not produce ethane or propane in
the subsurface (26, 27), our observed values within ~1 km of
drilling seem to rule out a biogenic methane source, and they are
consistent with both wetter (higher C, + C; content) gases found
in the Marcellus Formation and our earlier observation of meth-
ane in drinking water wells in the region (4).

Along with distance to gas wells (4), proximity to both valley
bottom streams (i.e., discharge areas) (28) and the Appalachian
Structural Front (ASF; an index for the trend in increasing thermal
maturity and degree of tectonic deformation) has been suggested
to influence dissolved gas concentrations. Of these factors, dis-
tance to gas wells was the dominant statistical factor in our anal-
yses for both methane (P = 0.0007) (Table 1, multiple regression
analysis) and ethane (P < 0.005) (Table 1). In contrast, neither
distance to the ASF (P = 0.11) nor distance to valley bottom
streams (P = 0.27) was significant for methane concentrations
analysis using linear regression. For single correlation factors,
distance to gas wells was again the dominant statistical term (P =
0.0003 and P = 0.001 for Pearson and Spearman coefficients, re-
spectively). Distance to the ASF was slightly significant by Pearson
and Spearman correlation analyses (P = 0.04 and P = 0.02, re-
spectively), whereas distance to valley bottom streams was slightly
significant only for the nonparametric Spearman analysis (P = 0.22
for Pearson and P = 0.01 for Spearman) (Table 1). For observed
ethane concentrations, distance to gas wells was the only factor in
our dataset that was statistically significant (P < 0.005, regardless
of whether analyzed by multiple regression, Pearson correlation,
or Spearman analyses) (Table 1).
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Fig. 2. The ratio of ethane to methane (Cy/C;) and (Inset) propane to
methane (C3/C;y) concentrations in drinking water wells as a function of
distance to natural gas wells (kilometers). The data are plotted for all cases
where [CH,], [CoHgl, and [C3Hg] were above detection limits or [CH,] was
>0.5 mg/L but [C;He] or [C3Hg] was below detection limits using the de-
tection limits of 0.0005 and 0.0001 mg/L for [CoHg] and [C3Hg], respectively.
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Table 1. Statistical analyses for [CH,4] and [C;He]
Distance Distance Distance
to gas wells to streams to ASF
[CH,]
Multiple regression P = 0.0007 P=0.27 P=0.11
Pearson r P = 0.0003 P=0.22 P =0.04
Spearman p P = 0.007 P =0.01 P =0.02
[CoHel
Multiple regression P =0.0034 P =0.053 P=0.45
Pearson r P =0.003 P=0.36 P=0.11
Spearman p P = 0.004 P =0.95 P=0.21

Isotopic signatures and gas ratios provide additional insight into
the sources of gases in groundwater. Signatures of §'*C-CH, >
—40%o (reference to Vienna Pee Dee Belemnite standard) gen-
erally suggest a thermogenic origin for methane, whereas 5"°C-
CH, values < —60%o0 suggest a biogenically derived methane
source (27, 29, 30). Across our dataset, the most thermogenic
8'3C-CH, signatures (i.e., most enriched in *C) in drinking water
were generally found in houses with elevated [CH4] <1 km from
natural gas wells (Fig. 34). In fact, all drinking water wells with
methane concentrations >10 mg/L, the US Department of Inte-
rior’s threshold for considering remediation, have 8'*C-CH, sig-
natures consistent with thermogenic natural gas. Our data also
show a population of homes near natural gas wells with water that
has §'°C-CH, signatures that seem to be microbial in origin,
specifically those homes shown in Fig. 34, lower left corner. The
combination of our §'>C-CH, (Fig. 34) and 8°H-CH, data (Fig.
3B) overall, however, suggests that a subset of homes near natural
gas wells has methane with a higher thermal maturity than homes
farther away.

Analyses of 8°C-CH, and 8'>C-C,H, can help constrain po-
tential sources of thermally mature natural gases (14, 15, 30).
Because organic matter cracks to form oil and then natural gas,
the gases initially are enriched in higher aliphatic hydrocarbons
C, and G5 (e.g., C3 > C, > Cy; ie., a relatively wet gas). With
increasing thermal maturity, the heavier hydrocarbons are pro-
gressively broken down, increasing the C;:C,* ratio and leading
to isotopic compositions that become increasingly heavier or
enriched (31). In most natural gases, the isotopic composition
(613C) of G > G, > C (ie,, 8!3C of ethane is heavier than
methane). In thermally mature black shales, however, this ma-
turity trend reverses, creating diagnostic isotopic reversals in
which the 8'3C-CH, becomes heavier than §'>C-C,Hg (A13C =
8°C-CH,4 — 8'3C-C,Hg > 1) (14, 15, 28, 30, 32).

For 11 drinking water samples in our dataset with sufficient
ethane to analyze isotopic signatures, 11 samples were located
<1.1 km from drilling, and 6 samples exhibited clear isotopic
reversals similar to Marcellus production gases (Fig. 4). Con-
versely, five drinking water samples and spring water from Salt
Springs State Park showed the more common trend consistent
with Upper Devonian production gases (Fig. 4). In the study area,
these isotopic values suggest multiple sources for hydrocarbon
gases. The Upper Devonian gases are likely introduced into the
shallow crust either by natural processes over geologic time or
through leakage around the casing in the annular space of the
production well. In contrast, natural gas with heavy 5'°C-CH, and
ABC > 0 likely stems from Marcellus production gases or a mix-
ture of Marcellus gases and other annulus gases that migrated to
the surface during drilling, well completion, or production.

Similar to our data, independent CH, measurements taken by
the US Environmental Protection Agency (EPA) in Dimock,
Pennsylvania (Residential Data Reports found at http://www.
epaosc.org/site/doc_list.aspx?site_id=7555) in January of 2012
also show three 8'*C-CH, values in drinking water wells between

Jackson et al.

—24.98%o0 and -29.36%0 8'>C-CH, and five samples with 8'>C-
CH, values in the range of Marcellus gas defined in ref. 28. The
heaviest methane isotopic signatures in the EPA samples
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Fig. 3. (A) Methane concentration, (B) 52H-CH,, and (C) methane to ethane +
propane ratio plotted against §'3C-CH,. The grayscale shading refers to (4)
distance to nearest gas wells and (B and C) methane concentration. The solid
lines in B distinguishing natural gas sources are from ref. 27; the mixed line in
B comes from the standard mixing equations in ref. 14. C shows two hypo-
thetical trajectories: simple mixing between thermogenically and biogeni-
cally derived gas (lower curve) and either diffusive migration or a three-
component mixture between Middle and Upper Devonian gases and shallow
biogenic gases (upper curve).
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cellus production gas (14, 28, 55). In contrast, five drinking water samples and
the salt spring at Salt Springs State Park (filled square) had 5'*C-CH, and A'3C <
0 consistent with Upper Devonian production gases (14, 55). Eleven drinking
water samples had sufficient ethane concentrations for isotopic determi-
nations. Ten of the samples were <1 km distance from shale gas wells, and one
sample is at 1.1 km distance (the point in the lower left corner of the plot).

(=24.98%0 §'*C-CH,) exceeded the values observed for ethane
(=31.2%0 8"C-C,H,), an isotopic reversal (A”C = 6.22%o)
characteristic of Marcellus or other deeper gas compared with
gases from Upper Devonian sequences (14, 28).

Helium is an inert noble gas with a radiogenic isotope, “He, that
is a major component of thermogenic natural gas. Similar to hy-
drocarbon components, the abundance and isotopic composition
of helium can help distinguish between potential sources and/or
residence times of fluids in the crust, including natural gases (15,
16, 33). Across our dataset, the ratio of “He:CH, in most drinking
water wells showed a typical range between ~2 x 107> and 1 x
1072, independent of distance to natural gas wells (Fig. 5). In
contrast, a subset of points with elevated [CH,4] has a “He:CH,4
ratio significantly below the range established for shallow drinking
water in the region and consistent with a mixture between shallow
groundwater and Marcellus production gases there (~2-5 x 107%)
(Fig. 5) (15).

The relative proportions of methane to higher-chain hydro-
carbons, such as ethane and propane, can also be used to help
differentiate biogenically and thermogenically derived methane as
well as different thermogenic sources of natural gas (34). As de-
scribed above, low ratios of methane to higher-chain hydrocarbons
(~<100) in water typically suggest a hydrocarbon gas derived from
a thermogenic source, whereas ratios of methane to higher-chain
hydrocarbons >>1,000 suggest a microbial origin for the gas (27).
Across our hydrocarbon dataset, ~15 samples seem to fall within
the range corresponding to thermogenic gas, whereas the com-
position of 5 or 6 samples seems to be microbial in origin (Fig. 3C).
The other points fell on two intermediate trajectories. One tra-
jectory is simple mixing between thermogenically and biogenically
derived gas (lower curve in Fig. 3C). The other trajectory reflects
either diffusive migration or a more complex, three-component
mixture between Middle and Upper Devonian gases and shallow
biogenic sources (30, 35) (upper trajectory in Fig. 3C).

The relative distribution of ethane and propane provides ad-
ditional insight into the source and mixture of gases. The ratio of
propane to methane concentrations plotted against [CsHg] (Fig.
S5) shows that at least 6 of 10 water samples with detectable
[CsHg] had an order of magnitude greater [C5]/[C;] ratio and [Cs]
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content than spring water from the natural methane seep at the
Salt Springs State Park. The salt spring is the only location for
which we found detectable [C5] outside of our 11 samples (mean
[G5)/[C4] = 0.000029 and [C3] = 0.0022 mg/L for the Salt Springs
samples) (Fig. S5).

The abundance and relative proportions of aliphatic hydro-
carbons (i.e., propane and ethane) and methane in groundwater
are also useful for comparing with production gases (14, 36) and
samples from the Salt Springs State Park. Ratios of propane to
ethane (C5/C;) in our dataset were generally higher than ratios for
the Salt Springs State Park, and ratios of methane to ethane (C,/
C,) were generally lower (Fig. S6), approaching ratios for Mar-
cellus gases in some cases (Fig. S6). We also observed that the
highest methane concentrations coincided with increased abun-
dances of ethane and propane and a higher proportion of propane
relative to ethane (Fig. S7). The observed gas composition in
groundwater samples also had a substantially higher proportion of
propane relative to ethane than water from the Salt Springs State
Park, which is known to have historic methane-rich discharges (11,
37) (Fig. S7). Based on limited available production data, the
Marcellus production gases have a wetness (C, + Cs) of at least
1-2% and C3/C, of ~>0.03%, whereas Upper Devonian gases,
specifically those gases observed in Upper Devonian aquifers be-
fore shale gas development (30), tend to be relatively depleted in
wetter gases; samples from the Salt Springs State Park had in-
termediate wetness, which is discussed above (14, 30). As a result,
increasing proportions of C3/C, tend to be more representative
of gases from Marcellus-producing wells (Fig. S6) than Upper
Devonian Formations or Salt Springs State Park.

An enrichment of *C in DIC (e.g., 8"*C-DIC > +10%o0) and
positive correlations between &'>C-DIC and 8'*C-CH, and be-
tween 8°H-H,O and 8°H-CH, have all been used as indicators
of microbial methane sourced from relatively shallow depths
(~<550 m) (38, 39). Most of our §"*C-DIC values were 20-25%o
lighter (more negative) than typical for DIC influenced by micro-
bially derived methane in shallow groundwater, and the 3C-CH,
values of the samples showed no evidence of a positive relationship
with 8'*C-DIC (and even a slight negative relationship; P = 0.003)
(Fig. S8, Upper). We also found no statistical relationship between
the 8°H values of methane and 8°H of water (Fig. S8, Lower).
Based on these data and similar to the observations in the work by
Osborn et al. (4), most of the methane in our samples does not
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Fig. 5. The ratio of “He:CH, concentrations in drinking water wells vs. dis-
tance to gas wells (kilometers). The values are compared with water samples
(mean + SE) from the salt spring at Salt Springs State Park (n = 3) and
Marcellus (n = 4) and Upper Devonian (n = 5) production gases (15).
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seem to be derived locally in the shallow aquifers, and the gas
composition is not consistent with extensive microbial production
from methanogenesis or sulfate reduction. Methanotrophy also
does not seem to be occurring broadly across our dataset; it would
decrease [CHy4] and C;:C, ratios and increase 8'3CH, values,
reducing the differences that we observed for distance to gas
wells. Overall, the combined results suggest that natural gas, de-
rived at least in part from thermogenic sources consistent with
Middle Devonian origin, is present in some of the shallow water
wells <1 km away from natural gas wells.

The two simplest explanations for the higher dissolved gas
concentrations that we observed in drinking water are (i) faulty or
inadequate steel casings, which are designed to keep the gas and
any water inside the well from leaking into the environment, and
(ii) imperfections in the cement sealing of the annulus or gaps
between casings and rock that keep fluids from moving up the
outside of the well (4, 40-42). In 2010, the Pennsylvania De-
partment of Environmental Protection (DEP) issued 90 violations
for faulty casing and cementing on 64 Marcellus shale gas wells;
119 similar violations were issued in 2011.

Distinguishing between the two mechanisms is important be-
cause of the different contamination to be expected through time.
Casing leaks can arise from poor thread connections, corrosion,
thermal stress cracking, and other causes (43). If the protective
casing breaks or leaks, then stray gases could be the first sign of
contamination, with less mobile salts and metals from formation
waters or chemicals from fracturing fluids potentially coming later.
In contrast, faulty cement can allow methane and other gases from
intermediate layers to flow into, up, and out of the annulus into
shallow drinking water layers. In such a scenario, the geochemical
and isotopic compositions of stray gas contamination would not
necessarily match the target shale gas, and no fracturing chemicals
or deep formation waters would be expected, because a direct
connection to the deepest layers does not exist; also, such waters
are unlikely to migrate upward. Comprehensive analyses of well
integrity have shown that sustained casing pressure from annular
gas flow is common. A comprehensive analysis of ~15,500 oil and
gas wells (43) showed that 12% of all wells drilled in the outer
continental shelf area of the Gulf of Mexico had sustained casing
pressure within 1y of drilling, and 50-60% of the wells had it from
15 y onward. For our dataset, there is a weak trend to higher
methane concentrations with increasing age of the gas wells (P =
0.067 for [CH4] vs. time since initial drilling). This result could
mean that the number of drinking water problems may grow with
time or that drilling practices are improving with time; more re-
search is needed before firm conclusions can be drawn.

In addition to well integrity associated with casings or cement-
ing, two other potential mechanisms for contamination by hy-
draulic fracturing/horizontal drilling include enhancing deep-to-
shallow hydraulic connections and intersecting abandoned oil and
gas wells. Horizontal drilling and hydraulic fracturing can stimu-
late fractures or mineralized veins, increasing secondary hydraulic
connectivity. The upward transport of gases is theoretically pos-
sible, including pressure-driven flow through open, dry fractures
and pressure-driven buoyancy of gas bubbles in aquifers and wa-
ter-filled fractures (44, 45). Reduced pressures after the fracturing
activities could also lead to methane exsolving rapidly from solu-
tion (46). If methane were to reach an open fracture pathway,
however, the gas should redissolve into capillary-bound water and/
or formation water, especially at the lithostatic and hydrostatic
pressures present at Marcellus depths. Legacy or abandoned oil
and gas wells (and even abandoned water wells) are another po-
tential path for rapid fluid transport. In 2000, the Pennsylvania
DEDP estimated that it had records for only 141,000 of 325,000 oil
and gas wells drilled historically in the state, leaving the status and
location of ~184,000 abandoned wells unknown (47). However,
historical drilling activity is minimal in our study area of north-
eastern Pennsylvania, making this mechanism unlikely there.

Jackson et al.

This study examined natural gas composition of drinking water
using concentration and isotope data for methane, ethane, pro-
pane, and “He. Based on the spatial distribution of the hydro-
carbons (Figs. 1 and 2), isotopic signatures for the gases (Figs. 3
and 4), wetness of the gases (Fig. 2 and Figs. S5, S6, and S7), and
observed differences in “He:CH, ratios (Fig. 5), we propose that
a subset of homeowners has drinking water contaminated by
drilling operations, likely through poor well construction. Future
research and greater data disclosure could improve understanding
of these issues in several ways. More research is needed across the
Marcellus and other shale gas plays where the geological charac-
teristics differ. For instance, a new study by Duke University and
the US Geological Survey showed no evidence of drinking water
contamination in a part of the Fayetteville Shale with a less frac-
tured or tectonically deformed geology than the Marcellus and
good confining layers above and below the drinking water layers
(48). More extensive predrilling data would also be helpful. Ad-
ditional isotopic tools and geochemical tracers are needed to de-
termine the source and mechanisms of stray gas migration that we
observed. For instance, a public database disclosing yearly gas
compositions (molecular and isotopic 8'°C and 8°H for methane
and ethane) from each producing gas well would help identify and
eliminate sources of stray gas (49). In cases where carbon and
hydrogen isotopes may not distinguish deep Marcellus-derived
methane from shallower, younger Devonian methane, the geo-
chemistry of “He and other noble gases provides a promising ap-
proach (15, 50). Another research need is a set of detailed case
studies of water-quality measurements taken before, during, and
after drilling and hydraulic fracturing. Such studies are underway,
including partnerships of EPA- and Department of Energy-based
scientists and industry in Pennsylvania, Texas, and North Dakota.
In addition to predrilling data, disclosure of data from mud-log
gases and wells to regulatory agencies and ideally, publicly would
build knowledge and public confidence. Ultimately, we need to
understand why, in some cases, shale gas extraction contaminates
groundwater and how to keep it from happening elsewhere.

Methods

A total of 81 samples from drinking water wells were collected in six counties
in Pennsylvania (Bradford, Lackawanna, Sullivan, Susquehanna, Wayne, and
Wyoming), and results were combined with 60 previous samples described in
the work by Osborn et al. (4). The samples were obtained from homeowner
associations and contacts with the goal of sampling Alluvium, Catskill, and
Lock Haven groundwater wells across the region. For analyses of “He (Fig. 5),
samples from 30 drinking water wells were used to estimate concentration
ratios of “He:CH,. Wells were purged to remove stagnant water and then
monitored for pH, electrical conductance, and temperature until stable
values were recorded. Samples were collected upstream of any treatment
systems and as close to the water well as possible, preserved in accordance
with procedures detailed in S/ Text, and returned immediately to Duke
University for analyses. The chemical and isotope (5'*C-DIC, 8H-H,0, and
5'®0-H,0) compositions of the collected waters were measured at Duke
University’s Environmental Stable Isotope Laboratory. Values of 8'80-H,O
and 8?H-H,O were measured using temperature conversion elemental
analysis/continuous flow isotope ratio MS using a ThermoFinnigan temper-
ature conversion elemental analyzer and Delta+XL mass spectrometer and
normalized to Vienna Standard Mean Ocean Water (analytical precision of +
0.1%o and +1.5%o for 8'®0-H,0 and 8?H-H,0, respectively). Samples of “He
were collected in refrigeration-grade copper tubes flushed with water be-
fore sealing with stainless steel clamps and analyzed using a VG 5400 MS at
the University of Rochester (15, 51).

Dissolved gas samples were collected in the field using procedures detailed
by Isotech Laboratories (52), stored on ice until delivery to their facilities,
and analyzed for concentrations and isotopic compositions of methane,
ethane, and propane. Procedures for gas analyses are summarized in ref. 4.
Isotech Laboratories uses chromatographic separation followed by com-
bustion and dual-inlet isotope ratio MS to measure dissolved gas concen-
trations, 8'3C-CH,4, and 8'3C-C,Hg (detection limits for C;, C,, and Cs were
0.001, 0.0005, and 0.0001 mol %, respectively). Dissolved [CH,] and §'3C-CH,
were also determined by cavity ring-down spectroscopy in the Duke Environ-
mental Stable Isotope Laboratory on eight samples using a Picarro G2112i.
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Dissolved [CH,4] was equilibrated using a head-space equilibration method
(53) and diluted when necessary using zero air. A set of 33 groundwater
samples with a range of [CH4] and §'3C-CH,4 was collected in duplicate and
analyzed at both Duke University and Isotech Laboratories (Fig. S9). Hy-
drocarbon concentrations in groundwater were converted to milligrams
of CH4 L™" from a correlation with mol % (R? = 0.95). As in refs. 4 and 11,
the derived distances to gas wells represent planimetric lengths from
sampling locations to nearest gas wells and do not account for the di-
rection or extent of horizontal drilling underground. Distances to streams
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Abstract We evaluate the greenhouse gas footprint of natural gas obtained by high-
volume hydraulic fracturing from shale formations, focusing on methane emissions.
Natural gas is composed largely of methane, and 3.6% to 7.9% of the methane from
shale-gas production escapes to the atmosphere in venting and leaks over the life-
time of a well. These methane emissions are at least 30% more than and perhaps
more than twice as great as those from conventional gas. The higher emissions from
shale gas occur at the time wells are hydraulically fractured—as methane escapes
from flow-back return fluids—and during drill out following the fracturing. Methane
is a powerful greenhouse gas, with a global warming potential that is far greater
than that of carbon dioxide, particularly over the time horizon of the first few
decades following emission. Methane contributes substantially to the greenhouse
gas footprint of shale gas on shorter time scales, dominating it on a 20-year time
horizon. The footprint for shale gas is greater than that for conventional gas or oil
when viewed on any time horizon, but particularly so over 20 years. Compared to
coal, the footprint of shale gas is at least 20% greater and perhaps more than twice
as great on the 20-year horizon and is comparable when compared over 100 years.
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Many view natural gas as a transitional fuel, allowing continued dependence on
fossil fuels yet reducing greenhouse gas (GHG) emissions compared to oil or coal
over coming decades (Pacala and Socolow 2004). Development of “unconventional”
gas dispersed in shale is part of this vision, as the potential resource may be large, and
in many regions conventional reserves are becoming depleted (Wood et al. 2011).
Domestic production in the U.S. was predominantly from conventional reservoirs
through the 1990s, but by 2009 U.S. unconventional production exceeded that of
conventional gas. The Department of Energy predicts that by 2035 total domestic
production will grow by 20%, with unconventional gas providing 75% of the total
(EIA 2010a). The greatest growth is predicted for shale gas, increasing from 16% of
total production in 2009 to an expected 45% in 2035.

Although natural gas is promoted as a bridge fuel over the coming few decades,
in part because of its presumed benefit for global warming compared to other fossil
fuels, very little is known about the GHG footprint of unconventional gas. Here, we
define the GHG footprint as the total GHG emissions from developing and using the
gas, expressed as equivalents of carbon dioxide, per unit of energy obtained during
combustion. The GHG footprint of shale gas has received little study or scrutiny,
although many have voiced concern. The National Research Council (2009) noted
emissions from shale-gas extraction may be greater than from conventional gas. The
Council of Scientific Society Presidents (2010) wrote to President Obama, warning
that some potential energy bridges such as shale gas have received insufficient analy-
sis and may aggravate rather than mitigate global warming. And in late 2010, the U.S.
Environmental Protection Agency issued a report concluding that fugitive emissions
of methane from unconventional gas may be far greater than for conventional gas
(EPA 2010).

Fugitive emissions of methane are of particular concern. Methane is the major
component of natural gas and a powerful greenhouse gas. As such, small leakages are
important. Recent modeling indicates methane has an even greater global warming
potential than previously believed, when the indirect effects of methane on at-
mospheric aerosols are considered (Shindell et al. 2009). The global methane budget
is poorly constrained, with multiple sources and sinks all having large uncertainties.
The radiocarbon content of atmospheric methane suggests fossil fuels may be a far
larger source of atmospheric methane than generally thought (Lassey et al. 2007).

The GHG footprint of shale gas consists of the direct emissions of CO, from end-
use consumption, indirect emissions of CO; from fossil fuels used to extract, develop,
and transport the gas, and methane fugitive emissions and venting. Despite the high
level of industrial activity involved in developing shale gas, the indirect emissions
of CO, are relatively small compared to those from the direct combustion of the
fuel: 1 to 1.5 g C MJ~! (Santoro et al. 2011) vs 15 g C MJ~! for direct emissions
(Hayhoe et al. 2002). Indirect emissions from shale gas are estimated to be only
0.04 to 0.45 g C MJ~! greater than those for conventional gas (Wood et al. 2011).
Thus, for both conventional and shale gas, the GHG footprint is dominated by the
direct CO, emissions and fugitive methane emissions. Here we present estimates for
methane emissions as contributors to the GHG footprint of shale gas compared to
conventional gas.

Our analysis uses the most recently available data, relying particularly on a
technical background document on GHG emissions from the oil and gas industry
(EPA 2010) and materials discussed in that report, and a report on natural gas
losses on federal lands from the General Accountability Office (GAO 2010). The

@ Springer





Climatic Change (2011) 106:679-690 681

EPA (2010) report is the first update on emission factors by the agency since
1996 (Harrison et al. 1996). The earlier report served as the basis for the national
GHG inventory for the past decade. However, that study was not based on random
sampling or a comprehensive assessment of actual industry practices, but rather only
analyzed facilities of companies that voluntarily participated (Kirchgessner et al.
1997). The new EPA (2010) report notes that the 1996 “study was conducted at
a time when methane emissions were not a significant concern in the discussion
about GHG emissions” and that emission factors from the 1996 report “are outdated
and potentially understated for some emissions sources.” Indeed, emission factors
presented in EPA (2010) are much higher, by orders of magnitude for some sources.

1 Fugitive methane emissions during well completion

Shale gas is extracted by high-volume hydraulic fracturing. Large volumes of water
are forced under pressure into the shale to fracture and re-fracture the rock to
boost gas flow. A significant amount of this water returns to the surface as flow-
back within the first few days to weeks after injection and is accompanied by large
quantities of methane (EPA 2010). The amount of methane is far more than could
be dissolved in the flow-back fluids, reflecting a mixture of fracture-return fluids
and methane gas. We have compiled data from 2 shale gas formations and 3 tight-
sand gas formations in the U.S. Between 0.6% and 3.2% of the life-time production
of gas from wells is emitted as methane during the flow-back period (Table 1).
We include tight-sand formations since flow-back emissions and the patterns of gas
production over time are similar to those for shale (EPA 2010). Note that the rate of
methane emitted during flow-back (column B in Table 1) correlates well to the initial
production rate for the well following completion (column C in Table 1). Although
the data are limited, the variation across the basins seems reasonable: the highest
methane emissions during flow-back were in the Haynesville, where initial pressures
and initial production were very high, and the lowest emissions were in the Uinta,
where the flow-back period was the shortest and initial production following well
completion was low. However, we note that the data used in Table 1 are not well
documented, with many values based on PowerPoint slides from EPA-sponsored
workshops. For this paper, we therefore choose to represent gas losses from flow-
back fluids as the mean value from Table 1: 1.6%.

More methane is emitted during “drill-out,” the stage in developing unconven-
tional gas in which the plugs set to separate fracturing stages are drilled out to release
gas for production. EPA (2007) estimates drill-out emissions at 142 x 10° to 425 x
10° m? per well. Using the mean drill-out emissions estimate of 280 x 10° m*® (EPA
2007) and the mean life-time gas production for the 5 formations in Table 1 (85 x
10° m?), we estimate that 0.33% of the total life-time production of wells is emitted as
methane during the drill-out stage. If we instead use the average life-time production
for a larger set of data on 12 formations (Wood et al. 2011), 45 x 10° m?, we estimate a
percentage emission of 0.62%. More effort is needed to determine drill-out emissions
on individual formation. Meanwhile, in this paper we use the conservative estimate
of 0.33% for drill-out emissions.

Combining losses associated with flow-back fluids (1.6%) and drill out (0.33%),
we estimate that 1.9% of the total production of gas from an unconventional shale-gas
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Table 2 Fugitive methane emissions associated with development of natural gas from conventional
wells and from shale formations (expressed as the percentage of methane produced over the lifecycle
of a well)

Conventional gas Shale gas
Emissions during well completion 0.01% 1.9%
Routine venting and equipment leaks at well site 0.3t01.9% 0.3t01.9%
Emissions during liquid unloading 0to 0.26% 010 0.26%
Emissions during gas processing 010 0.19% 010 0.19%
Emissions during transport, storage, and distribution 1.4t03.6% 1.4t03.6%
Total emissions 1.7 t0 6.0% 3.6t07.9%

See text for derivation of estimates and supporting information

well is emitted as methane during well completion (Table 2). Again, this estimate is
uncertain but conservative.

Emissions are far lower for conventional natural gas wells during completion,
since conventional wells have no flow-back and no drill out. An average of 1.04 x
10® m? of methane is released per well completed for conventional gas (EPA 2010),
corresponding to 1.32 x 10° m? natural gas (assuming 78.8% methane content of
the gas). In 2007, 19,819 conventional wells were completed in the US (EPA 2010),
so we estimate a total national emission of 26 x 10° m? natural gas. The total
national production of onshore conventional gas in 2007 was 384 x 10° m® (EIA
2010b). Therefore, we estimate the average fugitive emissions at well completion for
conventional gas as 0.01% of the life-time production of a well (Table 2), three orders
of magnitude less than for shale gas.

2 Routine venting and equipment leaks

After completion, some fugitive emissions continue at the well site over its lifetime.
A typical well has 55 to 150 connections to equipment such as heaters, meters, dehy-
drators, compressors, and vapor-recovery apparatus. Many of these potentially leak,
and many pressure relief valves are designed to purposefully vent gas. Emissions
from pneumatic pumps and dehydrators are a major part of the leakage (GAO 2010).
Once a well is completed and connected to a pipeline, the same technologies are used
for both conventional and shale gas; we assume that these post-completion fugitive
emissions are the same for shale and conventional gas. GAO (2010) concluded that
0.3% to 1.9% of the life-time production of a well is lost due to routine venting and
equipment leaks (Table 2). Previous studies have estimated routine well-site fugitive
emissions as approximately 0.5% or less (Hayhoe et al. 2002; Armendariz 2009) and
0.95% (Shires et al. 2009). Note that none of these estimates include accidents or
emergency vents. Data on emissions during emergencies are not available and have
never, as far as we can determine, been used in any estimate of emissions from
natural gas production. Thus, our estimate of 0.3% to 1.9% leakage is conservative.
As we discuss below, the 0.3% reflects use of best available technology.

Additional venting occurs during “liquid unloading.” Conventional wells fre-
quently require multiple liquid-unloading events as they mature to mitigate water
intrusion as reservoir pressure drops. Though not as common, some unconventional
wells may also require unloading. Empirical data from 4 gas basins indicate that 0.02
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to 0.26% of total life-time production of a well is vented as methane during liquid
unloading (GAO 2010). Since not all wells require unloading, we set the range at 0
t0 0.26% (Table 2).

3 Processing losses

Some natural gas, whether conventional or from shale, is of sufficient quality to be
“pipeline ready” without further processing. Other gas contains sufficient amounts of
heavy hydrocarbons and impurities such as sulfur gases to require removal through
processing before the gas is piped. Note that the quality of gas can vary even within a
formation. For example, gas from the Marcellus shale in northeastern Pennsylvania
needs little or no processing, while gas from southwestern Pennsylvania must be
processed (NYDEC 2009). Some methane is emitted during this processing. The
default EPA facility-level fugitive emission factor for gas processing indicates a loss
of 0.19% of production (Shires et al. 2009). We therefore give a range of 0% (i.e. no
processing, for wells that produce “pipeline ready” gas) to 0.19% of gas produced as
our estimate of processing losses (Table 2). Actual measurements of processing plant
emissions in Canada showed fourfold greater leakage than standard emission factors
of the sort used by Shires et al. (2009) would indicate (Chambers 2004), so again, our
estimates are very conservative.

4 Transport, storage, and distribution losses

Further fugitive emissions occur during transport, storage, and distribution of natural
gas. Direct measurements of leakage from transmission are limited, but two studies
give similar leakage rates in both the U.S. (as part of the 1996 EPA emission factor
study; mean value of 0.53%; Harrison et al. 1996; Kirchgessner et al. 1997) and in
Russia (0.7% mean estimate, with a range of 0.4% to 1.6%; Lelieveld et al. 2005).
Direct estimates of distribution losses are even more limited, but the 1996 EPA
study estimates losses at 0.35% of production (Harrison et al. 1996; Kirchgessner
et al. 1997). Lelieveld et al. (2005) used the 1996 emission factors for natural gas
storage and distribution together with their transmission estimates to suggest an
overall average loss rate of 1.4% (range of 1.0% to 2.5%). We use this 1.4% leakage
as the likely lower limit (Table 2). As noted above, the EPA 1996 emission estimates
are based on limited data, and Revkin and Krauss (2009) reported “government
scientists and industry officials caution that the real figure is almost certainly higher.”
Furthermore, the IPCC (2007) cautions that these “bottom-up” approaches for
methane inventories often underestimate fluxes.

Another way to estimate pipeline leakage is to examine “lost and unaccounted for
gas,” e.g. the difference between the measured volume of gas at the wellhead and that
actually purchased and used by consumers. At the global scale, this method has esti-
mated pipeline leakage at 2.5% to 10% (Crutzen 1987; Cicerone and Oremland 1988;
Hayhoe et al. 2002), although the higher value reflects poorly maintained pipelines in
Russia during the Soviet collapse, and leakages in Russia are now far less (Lelieveld
et al. 2005; Reshetnikov et al. 2000). Kirchgessner et al. (1997) argue against this
approach, stating it is “subject to numerous errors including gas theft, variations in
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temperature and pressure, billing cycle differences, and meter inaccuracies.” With
the exception of theft, however, errors should be randomly distributed and should
not bias the leakage estimate high or low. Few recent data on lost and unaccounted
gas are publicly available, but statewide data for Texas averaged 2.3% in 2000 and
4.9% in 2007 (Percival 2010). In 2007, the State of Texas passed new legislation to
regulate lost and unaccounted for gas; the legislation originally proposed a 5% hard
cap which was dropped in the face of industry opposition (Liu 2008; Percival 2010).
We take the mean of the 2000 and 2007 Texas data for missing and unaccounted gas
(3.6%) as the upper limit of downstream losses (Table 2), assuming that the higher
value for 2007 and lower value for 2000 may potentially reflect random variation in
billing cycle differences. We believe this is a conservative upper limit, particularly
given the industry resistance to a 5% hard cap.

Our conservative estimate of 1.4% to 3.6% leakage of gas during transmission,
storage, and distribution is remarkably similar to the 2.5% “best estimate” used by
Hayhoe et al. (2002). They considered the possible range as 0.2% and 10%.

5 Contribution of methane emissions to the GHG footprints
of shale gas and conventional gas

Summing all estimated losses, we calculate that during the life cycle of an average
shale-gas well, 3.6 to 7.9% of the total production of the well is emitted to the
atmosphere as methane (Table 2). This is at least 30% more and perhaps more
than twice as great as the life-cycle methane emissions we estimate for conventional
gas, 1.7% to 6%. Methane is a far more potent GHG than is CO,, but methane
also has a tenfold shorter residence time in the atmosphere, so its effect on global
warming attenuates more rapidly (IPCC 2007). Consequently, to compare the global
warming potential of methane and CO,; requires a specific time horizon. We follow
Lelieveld et al. (2005) and present analyses for both 20-year and 100-year time
horizons. Though the 100-year horizon is commonly used, we agree with Nisbet et al.
(2000) that the 20-year horizon is critical, given the need to reduce global warming
in coming decades (IPCC 2007). We use recently modeled values for the global
warming potential of methane compared to CO,: 105 and 33 on a mass-to-mass basis
for 20 and 100 years, respectively, with an uncertainty of plus or minus 23% (Shindell
et al. 2009). These are somewhat higher than those presented in the 4th assessment
report of the IPCC (2007), but better account for the interaction of methane with
aerosols. Note that carbon-trading markets use a lower global-warming potential
yet of only 21 on the 100-year horizon, but this is based on the 2nd IPCC (1995)
assessment, which is clearly out of date on this topic. See Electronic Supplemental
Materials for the methodology for calculating the effect of methane on GHG in terms
of CO, equivalents.

Methane dominates the GHG footprint for shale gas on the 20-year time horizon,
contributing 1.4- to 3-times more than does direct CO, emission (Fig. 1a). At this
time scale, the GHG footprint for shale gas is 22% to 43% greater than that for
conventional gas. When viewed at a time 100 years after the emissions, methane
emissions still contribute significantly to the GHG footprints, but the effect is
diminished by the relatively short residence time of methane in the atmosphere. On
this time frame, the GHG footprint for shale gas is 14% to 19% greater than that for
conventional gas (Fig. 1b).
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75 1

60 +

30 +
15 A
o_

Grams Carbon per MJ

E Methane
M Indirect CO2
M Direct CO2

|||I1

Shale Gas

B. 100-year time horizon
75 7

60 -

30 4

Grams Carbon per MJ

Low Estimate ngh Estimate | Low Estimate

Conventional Gas Coal

High Estimate | Surface-mined| Deep-Mined

Diesel Oil

M Methane
M Indirect CO2
H DirectCO2

dITRRAN]

Shale Gas

Conventional Gas Coal

Low Estimate ‘ High Estimate | Low Estimate | High Estimate | Surface-mined| Deep-Mined

Diesel Oil

Fig. 1 Comparison of greenhouse gas emissions from shale gas with low and high estimates of
fugitive methane emissions, conventional natural gas with low and high estimates of fugitive methane
emissions, surface-mined coal, deep-mined coal, and diesel oil. a is for a 20-year time horizon, and
b is for a 100-year time horizon. Estimates include direct emissions of CO, during combustion (blue
bars), indirect emissions of CO;, necessary to develop and use the energy source (red bars), and
fugitive emissions of methane, converted to equivalent value of CO, as described in the text (pink
bars). Emissions are normalized to the quantity of energy released at the time of combustion. The
conversion of methane to CO, equivalents is based on global warming potentials from Shindell et al.
(2009) that include both direct and indirect influences of methane on aerosols. Mean values from
Shindell et al. (2009) are used here. Shindell et al. (2009) present an uncertainty in these mean values
of plus or minus 23 %, which is not included in this figure
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6 Shale gas versus other fossil fuels

Considering the 20-year horizon, the GHG footprint for shale gas is at least 20%
greater than and perhaps more than twice as great as that for coal when expressed per
quantity of energy available during combustion (Fig. 1a; see Electronic Supplemental
Materials for derivation of the estimates for diesel oil and coal). Over the 100-year
frame, the GHG footprint is comparable to that for coal: the low-end shale-gas
emissions are 18% lower than deep-mined coal, and the high-end shale-gas emissions
are 15% greater than surface-mined coal emissions (Fig. 1b). For the 20 year horizon,
the GHG footprint of shale gas is at least 50% greater than for oil, and perhaps 2.5-
times greater. At the 100-year time scale, the footprint for shale gas is similar to or
35% greater than for oil.

We know of no other estimates for the GHG footprint of shale gas in the peer-
reviewed literature. However, we can compare our estimates for conventional gas
with three previous peer-reviewed studies on the GHG emissions of conventional
natural gas and coal: Hayhoe et al. (2002), Lelieveld et al. (2005), and Jamarillo et al.
(2007). All concluded that GHG emissions for conventional gas are less than for
coal, when considering the contribution of methane over 100 years. In contrast, our
analysis indicates that conventional gas has little or no advantage over coal even
over the 100-year time period (Fig. 1b). Our estimates for conventional-gas methane
emissions are in the range of those in Hayhoe et al. (2002) but are higher than those
in Lelieveld et al. (2005) and Jamarillo et al. (2007) who used 1996 EPA emission
factors now known to be too low (EPA 2010). To evaluate the effect of methane, all
three of these studies also used global warming potentials now believed to be too low
(Shindell et al. 2009). Still, Hayhoe et al. (2002) concluded that under many of the
scenarios evaluated, a switch from coal to conventional natural gas could aggravate
global warming on time scales of up to several decades. Even with the lower global
warming potential value, Lelieveld et al. (2005) concluded that natural gas has a
greater GHG footprint than oil if methane emissions exceeded 3.1% and worse than
coal if the emissions exceeded 5.6% on the 20-year time scale. They used a methane
global warming potential value for methane from IPCC (1995) that is only 57% of
the new value from Shindell et al. (2009), suggesting that in fact methane emissions
of only 2% to 3% make the GHG footprint of conventional gas worse than oil and
coal. Our estimates for fugitive shale-gas emissions are 3.6 to 7.9%.

Our analysis does not consider the efficiency of final use. If fuels are used to
generate electricity, natural gas gains some advantage over coal because of greater
efficiencies of generation (see Electronic Supplemental Materials). However, this
does not greatly affect our overall conclusion: the GHG footprint of shale gas ap-
proaches or exceeds coal even when used to generate electricity (Table in Electronic
Supplemental Materials). Further, shale-gas is promoted for other uses, including as
a heating and transportation fuel, where there is little evidence that efficiencies are
superior to diesel oil.

7 Can methane emissions be reduced?

The EPA estimates that "green’ technologies can reduce gas-industry methane emis-
sions by 40% (GAO 2010). For instance, liquid-unloading emissions can be greatly
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reduced with plunger lifts (EPA 2006; GAO 2010); industry reports a 99% venting
reduction in the San Juan basin with the use of smart-automated plunger lifts (GAO
2010). Use of flash-tank separators or vapor recovery units can reduce dehydrator
emissions by 90% (Fernandez et al. 2005). Note, however, that our lower range of
estimates for 3 out of the 5 sources as shown in Table 2 already reflect the use of
best technology: 0.3% lower-end estimate for routine venting and leaks at well sites
(GAO 2010), 0% lower-end estimate for emissions during liquid unloading, and 0%
during processing.

Methane emissions during the flow-back period in theory can be reduced by up to
90% through Reduced Emission Completions technologies, or REC (EPA 2010).
However, REC technologies require that pipelines to the well are in place prior
to completion, which is not always possible in emerging development areas. In any
event, these technologies are currently not in wide use (EPA 2010).

If emissions during transmission, storage, and distribution are at the high end of
our estimate (3.6%; Table 2), these could probably be reduced through use of better
storage tanks and compressors and through improved monitoring for leaks. Industry
has shown little interest in making the investments needed to reduce these emission
sources, however (Percival 2010).

Better regulation can help push industry towards reduced emissions. In reconcil-
ing a wide range of emissions, the GAO (2010) noted that lower emissions in the
Piceance basin in Colorado relative to the Uinta basin in Utah are largely due to a
higher use of low-bleed pneumatics in the former due to stricter state regulations.

8 Conclusions and implications

The GHG footprint of shale gas is significantly larger than that from conventional
gas, due to methane emissions with flow-back fluids and from drill out of wells
during well completion. Routine production and downstream methane emissions are
also large, but are the same for conventional and shale gas. Our estimates for these
routine and downstream methane emission sources are within the range of those
reported by most other peer-reviewed publications inventories (Hayhoe et al. 2002;
Lelieveld et al. 2005). Despite this broad agreement, the uncertainty in the magnitude
of fugitive emissions is large. Given the importance of methane in global warming,
these emissions deserve far greater study than has occurred in the past. We urge
both more direct measurements and refined accounting to better quantify lost and
unaccounted for gas.

The large GHG footprint of shale gas undercuts the logic of its use as a bridging
fuel over coming decades, if the goal is to reduce global warming. We do not intend
that our study be used to justify the continued use of either oil or coal, but rather to
demonstrate that substituting shale gas for these other fossil fuels may not have the
desired effect of mitigating climate warming.

Finally, we note that carbon-trading markets at present under-value the green-
house warming consequences of methane, by focusing on a 100-year time horizon
and by using out-of-date global warming potentials for methane. This should be
corrected, and the full GHG footprint of unconventional gas should be used in
planning for alternative energy futures that adequately consider global climate
change.
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Abstract In the past decade, there has been a massive growth in the horizontal drilling and hydraulic
fracturing of shale gas and tight oil reservoirs to exploit formerly inaccessible or unprofitable energy
resources in rock formations with low permeability. In North America, these unconventional domestic
sources of natural gas and oil provide an opportunity to achieve energy self-sufficiency and to reduce
greenhouse gas emissions when displacing coal as a source of energy in power plants. However, fugitive
methane emissions in the production process may counter the benefit over coal with respect to climate
change and therefore need to be well quantified. Here we demonstrate that positive methane anomalies
associated with the oil and gas industries can be detected from space and that corresponding regional
emissions can be constrained using satellite observations. On the basis of a mass-balance approach, we
estimate that methane emissions for two of the fastest growing production regions in the United States,
the Bakken and Eagle Ford formations, have increased by 990 + 650 ktCH, yr~' and 530 + 330 ktCH, yr~'
between the periods 2006-2008 and 2009-2011. Relative to the respective increases in oil and gas pro-
duction, these emission estimates correspond to leakages of 10.1% + 7.3% and 9.1% + 6.2% in terms of
energy content, calling immediate climate benefit into question and indicating that current inventories
likely underestimate the fugitive emissions from Bakken and Eagle Ford.

1. Introduction

Horizontal drilling and hydraulic fracturing, which enable to tap tight rock formations, are a significant
component of the recent increases in Northern American gas and oil production. Besides their inherent
economic advantages, these unconventional energy resources represent potentially an opportunity to
reduce greenhouse gas emissions because the combustion of natural gas or oil produces less CO, per unit
of energy than that of coal (about 56% for gas and 79% for oil) [U.S. Energy Information Administration,
2011]. However, the climate benefit from shifting away from coal is offset by fugitive methane release dur-
ing the fracturing, production, and distribution process [Howarth et al., 2011; Alvarez et al., 2012; Brandt
et al., 2014; Jackson et al., 2014]. This is because methane is the second most important anthropogenic
greenhouse gas, being 34 times more potent per unit of mass than CO, when including carbon-climate
feedbacks and considering a time horizon of 100 years [Intergovernmental Panel on Climate Change, 2013].

In contrast to conventional gas and oil production, a significant amount of methane is already emitted
during well completion [Howarth et al., 2011]. This occurs when the fracturing fluid, which is injected into
the dense nonporous medium at high pressures to create fissures allowing migration of the imbedded
resources, flows back, and when the plugs that separated the sections of the fracturing stages of the well
are drilled out. In the production process of tight oil, co-occurring natural gas is typically used to drive the
oil to the wellbore [U.S. Energy Information Administration, 2013].

As the productivity of these unconventional wells is initially high but depletes rapidly, new wells are con-
tinuously being drilled. Therefore, methane emissions from field production of oil and gas from tight
reservoirs have the potential to reverse the climate impact mitigation, at least in the short run, if the leak-
age rate exceeds the break-even point. In this context, it has been estimated that a net climate benefit of
switching from coal-fired to gas-fired power plants can only be achieved on all time frames, if natural gas
leakage in the full system from well to delivery is less than 3.2% [Alvarez et al., 2012].
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Assessing the climate implications of the gas and oil production from tight reservoirs is difficult due to
the lack of reliable emission estimates. The latest estimate of methane emissions from natural gas systems
reported by the U.S. Environmental Protection Agency (EPA) is 6343 kt in 2011, corresponding to 1.2% of
the gross U.S. natural gas production (0.9%-1.7% at the 95% confidence level) [U.S. Environmental Pro-
tection Agency, 2014], while previous reports assumed 1.4% (1.0%-1.8%) [U.S. Environmental Protection
Agency, 2013] and 2.0% (1.5%-2.7%) [U.S. Environmental Protection Agency, 2012]. Such revisions indi-
cate that the uncertainties of these bottom-up estimates are larger than suggested by the reported small
uncertainty ranges. EPA’s equivalent estimate of methane released to the atmosphere by petroleum sys-
tems corresponds to 0.7% of the U.S. crude oil production (0.5%-1.7% at the 95% confidence level) [U.S.
Environmental Protection Agency, 2012, 2013, 2014].

The recent downscaling of estimated bottom-up emissions is in line with the direct measurements of
methane emissions sampled at selected onshore natural gas sites throughout the United States (May to
December 2012) provided by the participating utility companies [Allen et al., 2013]. The corresponding
bottom-up estimate of the methane leakage rate is based on summing emissions from different types of
known sources and is slightly lower than the EPA estimate. However, several top-down estimates based
on measurements of ambient methane provide evidence for considerably larger emissions [Pétron et al.,
2012; Karion et al., 2013; Miller et al., 2013; Caulton et al., 2014]: a recent study based on tall tower flask
samples and aircraft profiles concludes that anthropogenic methane emissions in the United States might
be 50% higher than inventory estimates with even larger discrepancies over the gas and oil production
areas in the south-central states Texas, Oklahoma, and Kansas [Miller et al., 2013]. Methane emissions
from the Denver-Julesburg Basin (Colorado) are also likely underestimated in current inventories, as is
concluded from tall tower samples (2007 -2010) and road surveys (June to July 2008) [Pétron et al., 2012].
An estimate of methane fluxes of the Uintah Basin (Utah) using aircraft measurements (February 2012)
provides exceedingly large leakage rates negating any short-term climate benefit of tight resources from
this basin [Karion et al., 2013]. These studies are also part of a systematic comparison of published CH,
emission estimates with inventory data, which concludes that emissions from U.S. and Canadian natural
gas systems appear larger than official estimates [Brandt et al., 2014]. This is also supported by another
very recent analysis, finding the possibility of a large fugitive methane emission rate over the Marcellus
shale formation (Pennsylvania) using an instrumented aircraft platform (June 2012) [Caulton et al., 2014].
Methane emissions from tight oil production are less well investigated so far and thus even more uncer-
tain.

To better understand to what extent the discrepancies between these bottom-up and top-down esti-
mates are caused by regional emission differences, e.g., due to different regulations, standards, and prac-
tices, it is essential to derive further emission estimates for other formations, in particular those including
hitherto understudied tight oil production. In this manuscript, we present an analysis of column-averaged
dry air mole fractions of atmospheric methane (denoted XCH,) retrieved from the SCIAMACHY (SCan-
ning Imaging Absorption spectroMeter for Atmospheric CHartographY) satellite instrument to quan-

tify methane emissions from the Bakken and Eagle Ford formations, the fastest growing oil production
regions in the United States [U.S. Energy Information Administration, 2014a]. Furthermore, we also find
methane enhancements over the Marcellus formation, which is the largest source of natural gas in the
United States and exhibits incessant production growth [U.S. Energy Information Administration, 2014al.
This study complements previous measurement-based emission estimates in other regions, which were
largely obtained during short-duration campaigns. The results suggest that methane emissions from the
two not-yet-studied source regions, Bakken and Eagle Ford, are also underestimated in current bottom-up
inventories.

2.Data Set

We analyzed XCH, retrieved from SCIAMACHY onboard the ENVISAT satellite (launched in 2002, end of
mission declared in 2012) [Burrows et al., 1995; Bovensmann et al., 1999] using the latest version (v3.7) of
the Weighting Function Modified DOAS (WFM-DOAS) algorithm [Schneising et al., 2011, 2012]. ENVISAT
was launched into a sun-synchronous orbit with an equator crossing time of 10:00 AMm. local time and a
repeat cycle of 35 days. The horizontal resolution of the SCTAMACHY nadir measurements, which depends
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on orbital position and spectral interval, is typically 60 km across track by 30 km along track for the spec-
tral fitting windows used in this study. As a result of the observation of reflected solar radiation in the
near-infrared/shortwave infrared (NIR/SWIR) spectral range, SCCAMACHY yields atmospheric methane with
high sensitivity in the planetary boundary layer (Figure 1) and is thus well suited to study emissions from
oil and gas fields.

The 1024 pixel detector array of the relevant SCCAMACHY NIR/SWIR channel 6 uses two different
compositions of InGaAs as detector material. The lower wavelength part (970-1590 nm) consists of
lattice-matched InGaAs, exhibiting perfect match between the
SCIAMACHY CH, lattice constants of the detector material and the InP substrate.
117 The extended-wavelength part (1590-1770 nm), covering the
methane 2v, absorption band around 1666 nm used for the
methane retrieval, is doped with higher amounts of indium to tune
the bandgap to be sensitive to longer wavelengths. The associ-
ated strain within the material makes these extended-wavelength
detector pixels subject to irreversible displacement damage
induced by high-energy solar protons, which occurs from time to
1 time at individual detector pixels and is identified by SCTAMACHY's
in-flight calibration measurements [Kleipool et al., 2007]. Therefore,
different strict static detector pixel masks, excluding affected pix-
els, are used in the retrieval for different time periods. Each mask is
optimized for the respective end of the period to ensure stability
during the whole time interval. The retrieval results since Novem-
ber 2005 are all based on the same detector pixel mask assuring
consistent retrievals throughout the entire period relevant for the
presented analysis (2006-2011). As a consequence of the effec-
tive reduction of detector pixels and corresponding lowering of
Albedo 0.2 the signal-to-noise of methane absorption, the single measure-
(010 [0 S A . 1.1 ment precision changes from about 30 ppb before November
0.0 0.5 1.0 1.5 2005 to about 70 ppb afterward [Schneising et al., 2011]. Based
Averaging kernel [-] on a validation with ground-based Fourier Transform Spectrome-
Figure 1. Averaging kernels reflecting the ter measurements of the Total Carbon Column Observing Network
altitude sensitivity of the retrievals. [Wunch et al., 2011], which focuses on the period since November
2005, the relative accuracy of the SCTAMACHY data set is estimated
to be about 8 ppb [Dils et al., 2014].
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Figure 2 gives an overview of the long-term global XCH, data set showing column-averaged dry air mole
fractions as a function of latitude and time. The interhemispheric gradient and the seasonal cycle, as
well as the renewed methane growth since about 2007 [Rigby et al., 2008; Dlugokencky et al., 2009], are
all clearly detected. The origins of the recent methane growth are not completely understood, but the
growth of anthropogenic emissions, such as massive hydraulic fracturing, may play a role [Bergamaschi
et al., 2013; Nisbet et al., 2014].

3. Methods

Averaged XCH, over the United States for the periods 2006-2008 and 2009-2011 is shown in Figure 3,
in which the target regions containing the formations discussed in this manuscript are highlighted. As
the relatively small methane enhancements owing to fugitive methane emissions in the oil and gas pro-
duction process are superimposed by other larger signals, the following approach is used to extract these
typically not immediately obvious increases from the data.

For the selected target regions, we compute anomalies in XCH, by subtracting the monthly mean val-
ues of the satellite XCH, for the respective entire region from the individual measurements. This filters
out large-scale seasonal variations or global increase yielding regional enhancements relative to varying
background concentrations [Schneising et al., 2013].
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The lower retrieval precision since the
end of 2005 requires that many mea-
surements need to be averaged to
achieve the signal-to-noise to identify
the fugitive methane emissions, which
are expected to result in enhance-
ments of the column-averaged mole
fractions in the order of a few ppb.
Therefore, the satellite anomalies

are averaged over the time periods
2006-2008 and 2009-2011, between
which oil and gas production in

1640 1660 1680 1700 1720 1740 1760 1780 1800 1820 Bakken, Eagle Ford, and Marcellus

grew significantly [U.S. Energy Infor-
Figure 2. Overview of the long-term global satellite XCH, data set derived from tion Administrati 2014al. Th
SCIAMACHY; shown are column-averaged dry air mole fractions of methane as a mation Administration, al. the
function of latitude and time. differences of these two periods are

shown in Figures 4 and 5 (gridded 0.5°
% 0.5°, effective resolution ~2° x 2° after smoothing) highlighting the changes in atmospheric methane
abundance between both periods. In terms of interperiod variability, this approach separates regional
emission trends from in first-order approximation temporally constant other intraregional emission sig-
nals or a wide range of potentially remaining systematic retrieval biases. Accordingly, the local increases
from growing oil and gas exploitation in specific tight formations can be teased out of the data.
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The boundary layer mean of zonal and meridional winds, u and v, as provided by the ERA-Interim reanaly-
sis product [Dee et al., 2011] of the European Centre for Medium-Range Weather Forecasts (ECMWF), is first
computed for every single measurement individually. The boundary layer height is determined from the
potential temperature [Draxler and Hess, 2010]. The absolute values of wind components are then gridded
and temporally averaged in exactly the same manner as the methane data resulting in mean values u and
v for the entire hot spot area.

To quantify the emission change, we used a simple model with a box B placed over the source region
(shown in red in Figure 4). The absolute average mass flux F per unit of time inside the box was computed
from the net enhancements perpendicular to the meridional and zonal direction relative to the respective
background E,,, E, (in units of mass per area), and average horizontal boundary layer wind,

Ny, n,
—2 —2
. i U AL, Y Eyy+ VAL YE,
_UE,+VEL i=1 j=1
Vi + v Vi +v

2006-2008 2009-2011

XCH, [ppb]

1669 1688 1707 1726 1745 1764 1783 1802 1821 1840

Figure 3. XCH, over the United States for the two periods 2006-2008 and 2009-2011. Shown are those gridcells, which contain
more than 65 measurements in both periods. The target regions which are studied in more detail are highlighted by the three boxes.
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Figure 4. The difference between the mole fraction anomalies of methane, for the period 2009-2011 relative to the period
2006-2008. The locations of the oil and gas wells are shown in pink. The regions used for the box model estimates are red-rimmed.
The corresponding regions used to determine the background values are framed by the green dashed lines. Averaged vectorial
boundary layer wind differences between the periods are illustrated by dark grey arrows. Well positions are taken from the Fracking
Chemical Database [SkyTruth, 2013] complemented by data for the Canadian part of the Bakken basin [U.S. Energy Information
Administration, 2012].

where [, =n, Al is the box dimension in meridional (zonal) direction, which is divided in n,,,, seg-
ments of the same length A/, (see Figure 6 for an illustration). The space-saving index notation -,
means that there are two instances each, the meridional and the zonal one, e.g., I, = N,y Al ) Means
I, =n,Al and [, =n,Al,. The enhancement relative to the background upwind of the prevailing wind
direction of the kth slice £,,,.,, , is computed from the averaged methane mole fractions XCH, and assumed
O, columns (in units of molecules per area, estimated from the U.S. standard atmosphere and actual sur-

face elevation) in the corresponding hot spot and background areas A',’n(z)'k and A:q(z),k,

h h b b
. M, - (XCH, (A ) <05 (A ) = XCH (42,,,) 02 (45,.,) )
m@k = N, - XO, - AK ’

)
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Figure 5. As Figure 4 but for the region containing the Marcellus shale formation.

where M, = 16.04 g/mol is the molar mass of methane, N, = 6.022 - 10>* molec/mol is the Avogadro
constant, XO, = 0.209 is the mixing ratio of oxygen in air, and AK is the dimensionless near-surface aver-
aging kernel of the retrieval for appropriate conditions (Figure 1). Generally, k has a different range of
values for £, and E,, depending on the size of the hot spot area; there are n,, enhancements {Em,, ’"='"1
and n, enhancements {EZJ};’;. In the illustration shown in Figure 6, one has n,, =4 and n, = 3. According
to Figure 4, one has n,, =6 and n, = 4 for Bakken as well as n,, =4 and n, = 5 for Eagle Ford.

Equation (1) is equivalent to

-2
F=wkl; El:= ————== w:=\u +Vv . (3)

Hence, in the special cases u = v or E,, |, =, I, equation (1) simplifies to
F= g (Enln +E1,) . (4)
Since u ~ v in the case of Bakken and E,, I, ~ E, |, in the case of Eagle Ford, equation (4) is a good approx-

imation, which simplifies the error estimation. The uncertainty o, of F is computed via error propaga-
tion from the partial derivatives of F and the uncertainties of the individual contributing terms, ¢,,, o¢_,

and o, :
OF \2 [ oF 2o Y
O'E = (a—wo'w) + (EO'EM> + <6—EZO'EZ)
1 2
= 7 (Bl +EL) 02 +w? (Ro? +Po2 ). (5)

4, Results

The target regions containing the Bakken and Eagle Ford formations are shown in Figure 4. The differences
between the mole fraction anomalies of atmospheric methane, for the period 2009-2011 relative to the
period 2006-2008, clearly exhibit increases aligning with the analyzed oil and gas fields. The emission
estimates are based on these anomaly differences and mean horizontal boundary layer wind. Vertical
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- E,, £ transport can be approximately
ﬁ neglected, because the methane
1, A, /, enhancements are derived for the
5 . whole column. The periods have
Anms A Ema been selected because drilling pro-
b h ductivity in Bakken and Eagle Ford
Am,3 Am,3 Em.3 A .
) Al ol al grew distinctly since 2009 [U.S. Energy
20 a " W al | a2 TS nformation Administration, 2014al.
m,2 m,2 m,2 . . .
We derive the following estimates
A Al Al [ E ., for the emission increase between
the selected periods using the
— b b b .
u i Az1 Azz Az mass-balance approach described
in the methods section: 990 + 650
Figure 6. lllustration of the slicewise computation of E,, I, = Al,, 3 ;E,,; and ktCH, yr~" and 530 + 330 ktCH, yr™"’

E,l,=Al ZjEZJ using the example of a 4x3 gridcell hot spot area. Notations are for the Bakken and Eag|e Ford for-

the same as used in the methods section of the manuscript. The background mation respectively corresponding
areas are chosen upwind of the prevailing direction of winds contributing to the ! !
averages U and V. to To-uncertainty ranges of +66%

and +62%.

The analogously obtained mole fraction anomaly differences for the target region containing the Mar-
cellus shale formation are depicted in Figure 5. As in the case of Bakken and Eagle Ford, enhanced values
occur in the vicinity of the production areas. However, the number of quality-filtered measurements per
gridcell is smaller compared to the other two formations, and the resulting patterns are thus considered
less reliable. This is a consequence of the location in mountainous terrain and the close proximity to the
Great Lakes, which exhibit low surface reflectance. In combination with the large expanse of the Marcellus,
extending throughout much of the Appalachians, and the more spacious distribution of wells, this ham-
pers a straightforward definition of rectangular hot spot and adjacent background areas required for the
introduced mass-balance approach. For these reasons, we refrain from estimating the Marcellus emission
increase quantitatively in this way. However, the enhancement in the direction of the prevailing wester-
lies for the rectilinear polygonal region shown in Figure 5 would be consistent with a methane increase of
about 17 mgCH, m~2, which is similar to the enhancements E,, and E, obtained for Bakken and Eagle Ford.

The mean values and the uncertainties of the variable parameters E,, E,, and w for Bakken and Eagle
Ford are summarized in Table 1. The uncertainties of E,, and E, are derived from the spatial variability of
methane inside the box and the background regions. The uncertainty of w accounts for temporal and
spatial variability of wind inside the box, as well as differences in the mean meteorological conditions
between the two considered periods. The main cause of the large uncertainties of the obtained mass flux
estimates is the temporal averaging of winds over a long time span potentially including conditions that
are not optimal for the mass-balance calculation applied here, e.g., stagnation and recirculation events,
or gale. This complication will be overcome by future imaging satellite instruments with higher spatial
resolution, temporal sampling, and better precision and thus dispensing with the need for long-time
averaging. They will also facilitate a quantitative evaluation of emissions of the Marcellus shale forma-
tion. Additionally, future analysis will benefit from the usage of a three-dimensional (3-D) atmospheric
transport model in the estimation of the fluxes.

Table 1. Summary of Variable Parameters Used to Calculate the Mass Fluxes of Methane F and Their Uncertainties

Bakken Eagle Ford
Parameter Mean Value Variability (10) Mean Value Variability (10)
B 21.1 mgCH, m~2 11.0 mgCH, m—2 14.4 mgCH, m~—2 7.4 mgCH, m~—2
E, 18.6 mgCH, m—2 7.2 mgCH, m~2 17.4 mgCH, m~=2 7.7 mgCH, m~2
w 64ms™! 34ms™! 45ms™! 23ms™!
F 990 ktCH, yr~' 650 ktCH, yr~! 530 ktCH, yr™! 330 ktCH, yr~!
SCHNEISING ET AL. © 2014 The Authors. 7
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The observed anomaly increment over
2000 Bakken, Eagle Ford, and Marcellus is
120 attributed to increases of methane
emissions, arising from the expanded
hydraulic fracturing and increased oil
and gas production over the interven-
ing years, because the hot spot areas
are broadly consistent with well posi-
tions and wind direction differences
between both periods. Other poten-
15 tial anthropogenic emission sources,
such as emissions from agriculture
(e.g., enteric fermentation in live-
stock), were temporally constant to a
Figure 7. Estimated methane emissions are shown for the targeted regions first-order approximation [U.S. Environ-
Bakken in light brown, and Eagle Ford in dark brown. Shown are absolute mental Protection Agency, 2013] and
emission increase. (2009-2011 r‘elatﬁve to 2906—2008) -in the left panel, and thfz cancel out in the difference. Wetland
leakage rate relative to production in the right panel, in each case together with L. d |
the 1o-uncertainty ranges. For comparison, leakage estimates from previous emissions are assumed to vary only
studies in Marcellus (2012) [Caulton et al.,, 2014], Uintah (2012) [Karion et al., slightly between both periods, which
2013], and Denver-Julesburg (20.08) [Pétron et al., 2012] .(yellow, blue,. and is Supported by inverse modeling
magenta) are shown together with the EPA bottom-up inventory estimates for g X K
results suggesting no increase in the

natural gas and petroleum systems (2011) [U.S. Environmental Protection Agency,
2014] (grey) in the right panel. Northern Hemispheric extra-tropics

between the periods [Bergamaschi
et al., 2013]. Additionally, fluxes from wetlands are much smaller than anthropogenic sources in the United
States [Miller et al., 2013] and wetland extent does not match the observed enhancement patterns well, as
concluded from the Kaplan wetland inventory [Bergamaschi et al., 2007].
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The production growth (sum of oil and gas) during the analyzed time periods (2009-2011 relative to
2006-2008) was about 250 kBOE/d (BOE = barrel of oil equivalent) for the Bakken [Canadian National
Energy Board, 2011; U.S. Energy Information Administration, 2014a] and 150 kBOE/d for the Eagle Ford [U.S.
Energy Information Administration, 2014a] formation. These values are based on gross production includ-
ing not marketed natural gas. The emitted CH, mass estimated from the satellite data is converted to
cubic feet natural gas by using the ideal gas law assuming standard conditions (T =288.15K, p=1013.25
hPa) and a CH, content of 93% in natural gas [U.S. Environmental Protection Agency, 2013] with a realistic
methane volume fraction range of 0.87-0.99 for high caloric gas. By converting the obtained emission
estimate in cft/yr subsequently to kBOE/d, the following leakage-production ratios in terms of energy
content result: 10.1% =+ 7.3% for Bakken and 9.1% + 6.2% for Eagle Ford. The estimated absolute emission
increases and leakage rates relative to production for the analyzed formations are shown in Figure 7.

5. Discussion

The derived leakage ratios are considerably larger than the bottom-up estimates of 1.2% and 0.7% for
natural gas and petroleum systems [U.S. Environmental Protection Agency, 2014]. Taking the associated
uncertainties into account, methane emissions from energy production of both target formations are
likely underestimated (88% probability) in current bottom-up inventories. The top-down leakage esti-
mates for the two regions exceed the threshold value of 3.2% required for immediate climate benefit
[Alvarez et al., 2012]. This limit assumed switching from coal to natural gas for energy generation, but
production in the analyzed formations is a mixture of gas and oil with Bakken being dominated by oil
production. As oil produces more CO, per unit of energy than natural gas (140%) [U.S. Energy Informa-
tion Administration, 2011], the threshold value must thus be further reduced and probably declines below
the lower bound of the 1o-uncertainty-range of the derived leakage ratio in both cases. In conclusion,

at the current methane loss rates, a net climate benefit on all time frames owing to tapping unconven-
tional resources in the analyzed tight formations is unlikely. Based on the derived leakage estimates, there
does not seem to be any rationale to consider reinvigorating the share of petroleum in total electricity
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generation of the United States, which has decreased to a modest value of 1% in recent years [U.S. Energy
Information Administration, 2014b].

The top-down estimates presented are based on long-term satellite data and complement previous
measurement-based results of other regions largely obtained during short-duration campaigns. Our
leakage estimates are similar to the earlier results (Figure 7): 4.0% (2.3%-7.7%) for the Denver-Julesburg
[Pétron et al., 2012], 8.9% (6.2%-11.7%) for the Uintah basin [Karion et al., 2013], and a possible range of
2.8%-17.3% for the Marcellus shale formation [Caulton et al., 2014]. On the other hand, it seems possible
to reduce methane emissions by adopting new technology, as indicated by considerably lower leak rates
close to the EPA inventory estimate found for selected production sites in the Gulf Coast, Midcontinent,
Rocky Mountain, and Appalachian production regions of the United States [Allen et al., 2013]. This sug-
gests that fugitive emissions vary widely from region to region depending on regulations and production
practices.

In contrast to the methane leak rates reported in the literature, which are defined as total emissions
divided by the total production, the leakages derived here are defined as the ratio of the emission
increase between 2006-2008 and 2009-2011 divided by the production growth between these two
periods. The direct comparison of the different rates thus inherently assumes that the added production
between 2006-2008 and 2009-2011 leaks methane at the same rate as the total production. This is
reasonable, because the industrial practices and thus the leak rates are considered to remain virtually
constant between the periods in the analyzed regions. If the leakage in the later period had decreased
relative to the former period, the rate based on the added production would be smaller than the total
production leak rate.

The approach used in this study is optimal for regions such as Bakken, Eagle Ford, or Marcellus, where
drilling productivity began to grow rapidly after 2009. However, it is not optimal to determine esti-
mates for the Denver-Julesburg and Uintah basin for direct comparison, because it quantifies emission
changes between two periods rather than total emissions. The production growth in those two basins

is small for the chosen periods according to the Colorado Oil and Gas Conservation Commission
(http://cogcc.state.co.us/) and the Division of Qil, Gas and Mining of the Utah Department of Natural
Resources (http://oilgas.ogm.utah.gov/). Moreover, the rig count, which has for instance increased signifi-
cantly in the Bakken, Eagle Ford, and Marcellus formations [U.S. Energy Information Administration, 2014a],
has decreased in Colorado and Utah during the analyzed periods (2009-2011 relative to 2006—2008)
[Baker Hughes, 2014]. As a consequence, a significant and large methane emission increase is not expected
for the Denver-Julesburg and Uintah basin in the analyzed data set.

The above is also the most likely reason why the enhancement patterns over the Permian basin and
gas-dense Haynesville region are less clear than those of the Bakken and Eagle Ford formations (Figure 4),
despite prolific total production from these regions. The Permian basin is more mature than the younger
plays, Bakken and Eagle Ford, with production and rig count virtually stagnating at high levels, whereas
in Haynesville increasing production is concomitant with decreasing rig count, indicating increasing
production efficiency with unknown impact on the emission trend [U.S. Energy Information Administration,
2014a]. One possible reason for this improved efficiency is that it pays off in the long run to invest in new
technologies to reduce yield-decreasing fugitive emissions in natural gas systems, whereas in the tight oil
production leakage of natural gas is typically not of primary interest in terms of profitability, because it is
not the targeted resource itself and only used as an auxiliary agent to provide oil flow.

This is also reflected in the fact that a significant amount of the total natural gas extracted along with
the oil in Bakken and Eagle Ford is flared or otherwise not marketed because the oil is considered more
valuable or pipeline capacities and processing facilities to capture the gas are too costly. The waste of
natural gas as a direct consequence of insufficient infrastructure is so extensive that both regions stand
out clearly in satellite measurements of nighttime lights from the Visible Infrared Imaging Radiometer
Suite (VIIRS) onboard the Suomi National Polar-orbiting Partnership (NPP) satellite [Miller et al., 2012].

In summary, SCIAMACHY nadir measurements show that anthropogenic CH, emissions from oil and gas
production can be detected from space and that reported bottom-up leakage estimates are likely under-
estimated for specific formations. Further studies are needed to provide tighter constraints on fugitive
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emissions and to investigate to what extent the high leakage rates obtained in this and other recent stud-
ies are representative for the entire North American oil and gas producing sector. Accurate evaluation of
the impact and sustainability of unconventional oil and gas production across the globe is essential for the
development of wise environmental and energy policy. Future wide swath imaging satellite instruments
delivering higher spatial resolution, such as TROPOMI [Veefkind et al., 2012] and CarbonSat [Bovensmann
et al., 2010; Buchwitz et al., 2013], a candidate for the eighth Earth Explorer of the European Space Agency
(ESA), or the CarbonSat Constellation, when realized, will significantly enhance the current capabilities of
satellite observations. CarbonSat and its constellation are projected to enable monitoring emissions down
to the point-source scale [Velazco et al., 2011]. The better precision and accuracy of these new systems
and concepts will yield time-resolved emission estimates during all stages of basin development to better
identify the processes in the life cycle of oil and gas wells leading to the large methane emissions. Such
future satellite missions, ideally supplemented by frequent aircraft and ground-based measurements,
will provide independent verification of bottom-up inventories. This is essential for the reliable and accu-
rate determination of the climate impact of exploiting unconventional energy resources in tight geologic
formations.
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BACKGROUND: Birth defects are a leading cause of neonatal mortality. Natural gas development
(NGD) emits several potential teratogens, and U.S. production of natural gas is expanding.

OBJECTIVES: We examined associations between maternal residential proximity to NGD and
birth outcomes in a retrospective cohort study of 124,842 births between 1996 and 2009 in
rural Colorado.

METHODS: We calculated inverse distance weighted natural gas well counts within a 10-mile radius
of maternal residence to estimate maternal exposure to NGD. Logistic regression, adjusted for
maternal and infant covariates, was used to estimate associations with exposure tertiles for congeni-
tal heart defects (CHDs), neural tube defects (NTDs), oral clefts, preterm birth, and term low birth
weight. The association with term birth weight was investigated using multiple linear regression.

RESULTS: Prevalence of CHDs increased with exposure tertile, with an odds ratio (OR) of 1.3 for
the highest tertile (95% CI: 1.2, 1.5); NTD prevalence was associated with the highest tertile of
exposure (OR = 2.0; 95% CI: 1.0, 3.9, based on 59 cases), compared with the absence of any gas
wells within a 10-mile radius. Exposure was negatively associated with preterm birth and positively
associated with fetal growth, although the magnitude of association was small. No association was
found between exposure and oral clefts.

CONCLUSIONS: In this large cohort, we observed an association between density and proximity of
natural gas wells within a 10-mile radius of maternal residence and prevalence of CHDs and pos-
sibly NTDs. Greater specificity in exposure estimates is needed to further explore these associations.
CITATION: McKenzie LM, Guo R, Witter RZ, Savitz DA, Newman LS, Adgate JL. 2014. Birth
outcomes and maternal residential proximity to natural gas development in rural Colorado. Environ

Health Perspect 122:412—417; http://dx.doi.org/10.1289/ehp.1306722

Introduction

Approximately 3.3% of U.S. live-born
children have a major birth defect (Centers
for Disease Control and Prevention 2013;
Parker et al. 2010); these defects account
for 20% of infant deaths as well as 2.3% of
premature death and disability (McKenna
et al. 2005). Oral clefts, neural tube defects
(NTDs), and congenital heart defects
(CHD) are the most common classes of birth
defects (Parker et al. 2010). These defects
are thought to originate in the first trimester
as a result of polygenic inherited disease or
gene—environment interactions (Brent 2004).
Suspected nongenetic risk factors for these
birth defects include folate deficiency (Wald
and Sneddon 1991), maternal smoking
(Honein et al. 2006), alcohol abuse and sol-
vent use (Romitti et al. 2007), and exposure
to benzene (Lupo et al. 2010b; Wennborg
et al. 2005), toluene (Bowen et al. 2009),
polycyclic aromatic hydrocarbons (PAHs)
(Ren et al. 2011), and petroleum-based
solvents, including aromatic hydrocarbons
(Chevrier et al. 1996). Associations between
air pollution [volatile organic compounds
(VOCs), particulate matter (PM), and nitro-
gen dioxide (NO,)] and low birth weight and
preterm birth have been reported (Ballester
et al. 2010; Brauer et al. 2008; Dadvand
et al. 2013; Ghosh et al. 2012; Llop et al.
2010). Many of these air pollutants are
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emitted during development and production
of natural gas (referred to herein as NGD),
and concerns have been raised that they may
increase risk of adverse birth outcomes and
other health effects (Colborn et al. 2011;
McKenzie et al. 2012). Increased prevalence
of low birth weight and small for gestational
age and reduced APGAR scores were reported
in infants born to mothers living near NGD
in Pennylvania (Hill 2013).

Technological advances in directional
drilling and hydraulic fracturing have resulted
in a global boom of drilling and produc-
tion of natural gas reserves [U.S. Energy
Information Administration (EIA) 2011a,
2011b; Vidas and Hugman 2008]. NGD
is an industrial process resulting in poten-
tial worker and community exposure to
multiple environmental stressors (Esswein
et al. 2013; King 2012; Witter et al. 2013).
Diesel-powered heavy equipment is used for
worksite development as well as transporting
large volumes of water, sand, and chemicals
to sites and for waste removal (Witter et al.
2013). It is increasingly common for NGD
to encroach on populated areas, potentially
exposing more people to air and water emis-
sions as well as to noise and community-level
changes that may arise from industrializa-
tion [Colorado Oil and Gas Conservation
Commission (COGCC) 2009]. Studies in
Colorado, Texas, Wyoming, and Oklahoma

have demonstrated that NGD results in
emission of VOCs, NO,, sulfur dioxide
(SO,), PM, and PAHs from either the well
itself or from associated drilling processes
or related infrastructure (i.e., drilling muds,
hydraulic fracturing fluids, tanks containing
waste water and liquid hydrocarbons, diesel
engines, compressor stations, dehydrators,
and pipelines) (CDPHE 2007; Frazier 2009;
Kemball-Cook et al. 2010; Olaguer 2012;
Walther 2011; Zielinska et al. 2011). Some
of these pollutants, such as toluene, xylenes,
and benzene, are suspected teratogens (Lupo
et al. 2010b; Shepard 1995) or mutagens
(Agency for Toxic Substances and Disease
Registry 2007) and are known to cross the
placenta (Bukowski 2001), raising the possi-
bility of fetal exposure to these and other pol-
lutants resulting from NGD. Currently, there
are few studies on the effects of air pollution
or NGD on birth outcomes.

In this analysis, we explored the association
between maternal exposure to NGD and birth
outcomes, using a data set with individual-level
birth data and geocoded natural gas well loca-
tions. We conducted a retrospective cohort
study to investigate the association between
density and proximity of natural gas wells
within a 10-mile radius of maternal residences
in rural Colorado and three classes of birth
defects, preterm birth, and fetal growth.

Methods

Study population. We used information avail-
able in the publically accessible Colorado Oil
and Gas Information System (COGIS) to
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build a geocoded data set with latitude, lon-
gitude, and year of development (1996-2009)
for all gas wells in rural Colorado (COGIS
2011). Live birth data were obtained from
the Colorado Vital Birth Statistics (CDPHE,
Denver, CO). Geocoded maternal addresses at
time of birth were linked to the well locations.
Distance of each maternal residence from all
existing (not abandoned) natural gas wells
within a 10-mile radius was then computed
using spherically adjusted straight line dis-
tances. We conducted our analysis on the final
de-identified database containing maternal
and birth outcome data described below and
distance to all wells within the 10-mile radius.
The Colorado Multiple Institutional Review
Board reviewed and approved our study
protocol. Informed consent was not required.

We restricted analysis to births occur-
ring from 1996 through 2009 to focus our
analysis on growth of unconventional NGD,
characterized by use of hydraulic fractur-
ing and/or directional drilling (King 2012),
which expanded rapidly in Colorado begin-
ning around 2000 (COGIS 2011). We also
restricted our analysis to rural areas and towns
with populations of < 50,000 (excluding the
Denver metropolitan area, El Paso County,
and the cities of Fort Collins, Boulder,
Pueblo, Grand Junction, and Greeley) in 57
counties to reduce potential for exposure to
other pollution sources, such as traffic, con-
gestion, and industry. The final study area
included locations with and without NGD.
We conducted a retrospective study on the
resulting cohort of 124,842 live births to
explore associations between birth outcomes
and exposure to NGD operations. We
restricted eligibility to singleton births and
excluded the small proportion (< 5%) of non-
white births because there were too few to
analyze separately.

Birth outcomes. 1dentified birth outcomes
were a) oral cleft, including cleft lip with
and without cleft palate as well as cleft palate
[nternational Classification of Diseases, Ninth
Revision, Clinical Modification 1CD-9-CM)
code 749.xx] (National Center for Health
Statistics 2011); 4) NTD, including anen-
cephalus, spina bifida without anecephaly, and
encephalocele (ICD-9-CM 740.xx, 741.xx,
and 742.0); ¢) CHD, including transposition
of great vessels, tetralogy of Fallot, ventricular
septal defect, endocardial cushion defect, pul-
monary valve atresia and stenosis, tricuspid
valve atresia and stenosis, Ebstein’s anomaly,
aortic valve stenosis, hypoplastic left heart
syndrome, patent ductus arteriosis, coarcta-
tion of aorta, and pulmonary artery anoma-
lies (codes 745.xx, 746.xx, 747 xx, excluding
746.9, 747.5); d) preterm birth (< 37 weeks
completed gestation); ¢) term low birth weight
(2 37 weeks completed gestation and birth
weight < 2,500 g); and ) term birth weight
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as a continuous measure. Births with an oral
cleft, NTD, or CHD were excluded from pre-
term birth and term low birth weight analysis.
Preterm births were excluded from term birth
weight analysis. Oral cleft, CHD, and NTD
cases in the Colorado Responds to Children
with Special Needs (CRCSN) birth registry,
obtained from hospital records, the Newborn
Genetics Screening Program, the Newborn
Hearing Screening Program, laboratories, phy-
sicians, and genetic, developmental, and other
specialty clinics (CRCSN 2011) were matched
with Colorado live birth certificates. Cases are
reflective of reporting as of 12 July 2012, were
not necessarily confirmed by medical record
review, and are subject to change as CRCSN
ascertains diagnosis up to 3 years of child’s
age and/or supplements information by medi-
cal record review. We analyzed birth defects
in three heterogeneous groups to increase
statistical power. Data set information was
not sufficient to distinguish between multiple
and isolated birth anomalies or to identify
chromosomal birth anomalies. In an explor-
atory analysis, we considered seven clinical
diagnostic groupings of CHDs: @) conotrun-
cal defects (tetralogy of Fallot and transposi-
tion of great vessels); ) endocardial cushion
and mitrovalve defects (EMD; endocardial
cushion defect and hypoplastic left heart syn-
drome); ¢) pulmonary artery and valve defects
(PAV; pulmonary valve atresia and stenosis
and pulmonary artery anomalies); ) tricus-
pid valve defects (TVD; tricuspid valve atresia
and stenosis and Ebstein’s anomaly); ¢) aortic
artery and valve defects (aortic valve stenosis
and coarctation of aorta); fJ ventricular septal
defects (VSD); and g) patent ductus arteriosis
in births > 2,500 g (Gilboa et al. 2005).

Exposure assessment. Distribution of
the wells within a 10-mile radius of mater-
nal residence shows 50% and 90% of wells
to be within 2.3 and 7.7 miles of maternal
residence, respectively. We used an inverse
distance weighted (IDW) approach, com-
monly used to estimate individual air pollut-
ant exposures from multiple fixed locations
(Brauer et al. 1998; Ghosh et al. 2012), to
estimate maternal exposure. Our IDW well
count accounts for the number of wells within
the 10-mile radius of the maternal residence,
as well as distance of each well from the mater-
nal residence, giving greater weight to wells
closest to the maternal residence. For example,
an IDW well count of 125 wells/mile could be
computed from 125 wells each located 1 mile
from the maternal residence or 25 wells each
located 0.2 miles from the maternal residence.
We calculated the IDW well count of all exist-
ing natural gas wells in the birth year within a
10-mile radius of each maternal residence as a
continuous exposure metric:

IDW well count = 2., 1]

VOLUME 122 | NumBER 4 | April 2014

where IDW well count is the IDW count
of existing wells within a 10-mile radius of
maternal residence in the birth year; 4; is
the distance of the ith individual well from
maternal residence; and 7 is the number
of existing wells within a 10-mile radius of
maternal residence in the birth year.

The IDW well count was calculated for
each maternal residence with > 1 gas wells
within 10 miles. The final distribution then
was divided into tertiles (low, medium, and
high) for subsequent logistic and linear regres-
sion analysis. Each tertile was compared
with the referent group (no natural gas wells
within 10 miles, IDW well count = 0).

Statistical analysis. We used logistic
regressions to study associations between each
dichotomous outcome and IDW exposure
group. We also considered term birth weight
as a continuous outcome using multiple linear
regression. First, we estimated the crude odds
ratio (OR) associated with IDW exposure
tertile for each binary outcome, followed by
a Cochran—Armitage test to evaluate linear
trends in binominal proportions with increas-
ing IDW exposure (none, low, medium, and
high). We further investigated associations by
adjusting for potential confounders, as well as
infant and maternal covariates selected based
on both « priori knowledge and empirical con-
sideration of their association with exposure
and an outcome. Specifically, covariates in
our analysis of all outcomes except outcomes
with very few events (i.e., NTDs, conotrun-
cal defects, EMDs, and TVDs) included
maternal age, education (< 12, 12, 13-15,
> 16 years), tobacco use (smoker, nonsmoker),
ethnicity (Hispanic, non-Hispanic white), and
alcohol use (yes, no), as well as parity at time
of pregnancy (0, 1, 2, > 2) and infant sex.
Gestational age was also included in the analy-
sis of term birth weight. Elevation of maternal
residence also was considered in the analy-
sis because most wells are < 7,000 feet, and
elevation has been associated with both pre-
term birth and low birth weight (Niermeyer
et al. 2009). For 272 births where elevation
of maternal residence was missing, elevation
was imputed using mean elevation for mater-
nal ZIP code. For outcomes with very few
events, only elevation was included in the
multiple logistic modeling to avoid unstable
estimates. The ORs and their 95% CIs were
used to approximate relative risks for each out-
come associated with IDW count exposure
tertile (low, medium, and high) compared
with no wells within 10 miles, which is rea-
sonable because of the rarity of the outcomes.
We considered the statistical significance of
the association, as well as the trend, in evaluat-
ing results, at an alpha of 0.05. We evaluated
the confounding potential of the 1998 intro-
duction of folic acid fortification on the birth
defect outcomes and found only a decrease in
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NTD prevalence after 1998 (see Supplemental
Material, Table S1).

In a sensitivity analyses, we explored reduc-
ing exposure to 2- and 5-mile buffers around
the maternal residence, as well as restricting the
cohort to births occurring between 2000 and
2009 to exclude births before the expansion
of NGD. We report estimated associations
with 95% Cls. All statistical analyses were con-
ducted using SAS® software version 9.3 (SAS
Institute Inc., Cary, NC).

Results

Births were approximately evenly divided
between exposed and unexposed groups
(0 wells in a 10-mile radius versus > 1 well in
a 10-mile radius) (Table 1). Estimated expo-
sure, represented by IDW well counts, tended
to be higher for births to mothers with resi-
dence addresses at lower elevations (< 6,000
feet), and among nonsmoking and Hispanic
mothers (Table 1).

Both crude and adjusted estimates indi-
cate a monotonic increase in the prevalence
of CHDs with increasing exposure to NGD,
as represented by IDW well counts (Table 2).
Births to mothers in the most exposed ter-
tile (> 125 wells/mile) had a 30% greater
prevalence of CHDs (95% CI: 1.2, 1.5)
than births to mothers with no wells within a
10-mile radius of their residence.

Prevalence of NTDs was positively asso-
ciated with only the third exposure tertile,
based on crude and estimated adjusted ORs
for elevation (Table 2). Births in the highest
tertile (> 125 wells/mile) were 2.0 (95% CI:
1.0, 3.9) times more likely to have a NTD
than those with no wells within a 10-mile
radius, based on 59 available cases. We
observed no statistically significant associa-
tions between oral clefts and NGD, based on
trend analysis across categorical IDW well
count exposure (Table 2).

Both crude and adjusted estimates
for preterm birth suggest a slight (< 10%)
decreased risk of preterm birth with increas-
ing exposure to NGD (Table 3). Crude
term low birth weight measures suggested
decreased risk of term low birth weight with
increasing exposure to NGD. A weak non-
linear trend remained after adjusting for
elevation and other covariates. This associa-
tion is consistent with the multiple linear
regression results for continuous term birth
Weight, in which mean birth Weights were
5-24 g greater in the higher IDW well count
exposure tertiles than the referent group.

We observed a monotonic increase in the
prevalence of NTDs with increasing expo-
sure to NGD in our sensitivity analyses using
2- and 5-mile exposure radii as well as some
attenuation in decreased risk for preterm birth
and term low birth weight (see Supplemental
Material, Tables S2-7). Restricting births
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Discussion

We found positive associations between
density and proximity of natural gas wells
within a 10-mile radius of maternal residence
and birth prevalence of CHDs and possibly
NTDs. Prevalence of CHDs increased mono-
tonically from the lowest to highest exposure
tertile, although even in the highest tertile
the magnitude of the association was modest.
Prevalence of NTDs was elevated only in the
highest tertile of exposure. We also observed
small negative associations between density
and proximity of natural gas wells within
a 10-mile radius of maternal residence and

to 2000 through 2009, the period of most
intense NGD in Colorado, attenuated the
positive association between NTDs in the
highest tertile and did not alter observed
relationships for other birth outcomes (see
Supplemental Material, Tables S2-S7).
Exploratory analysis of CHDs by clini-
cal diagnostic groups indicates increased
prevalence of PAV defects by 60% (95%
Cl: 1.1, 2.2), VSDs by 50% (95% CI: 1.1,
2.1), and TVDs by 400% (95% CI: 1.3,
13) in the most exposed tertile compared
with those with no wells within a 10-mile

radius (Table 4).

Table 1. Study population characteristics for unexposed and exposed subjects from rural Colorado
1996-2009.

Referent group

(0 wells within Low Medium High

Maternal or infant characteristic Total 10 miles) (first tertile)? (second tertile)? (third tertile)?
Total n(%) 124,842 66,626 (53) 19,214 (15) 19,209 (15) 19,793 (16)

Median 27 27 26 27 27

25th percentile 22 22 21 22 23

75th percentile 32 32 30 31 31
Maternal ethnicity (%)

Non-Hispanic white 73 74 72 76 69
Sex (%)

Male 51 51 51 51 51
Maternal smoking (%)¢

Smokers i 1 14 13 8
Maternal alcohol (%)¢

No 99 98 99 99 99
Parity (%)

0 33 33 31 32 32

1 23 23 24 24 25

2 19 19 20 19 20

>2 25 25 26 25 24
Residential elevation (feet)

Median 5,000-5,999  6,000-6,999 <5,000 5,000-5,999 <5,000

25th percentile < 5,000 5,000-5,999 < 5,000 < 5,000 < 5,000

75th percentile 7,000-7,999 7,000-7,999  5,000-5999 6,000-6,999  5,000-5,999
Maternal education (%)

<12 years 21 20 26 19 22

12 years 30 30 33 29 28

13-15 years 23 22 25 25 24

> 16 years 26 28 18 26 27

aFirst tertile, 1-3.62 wells/mile; second tertile, 3.63-125 wells/mile; third tertile, 126-1,400 wells/mile. fIncludes both Non-
Hispanic and Hispanic white. ¢During pregnancy.

Table 2. Association between inverse distance weighted well count within 10-mile radius of maternal
residence and CHDs, NTDs, and oral clefts.

Inverse distance 0 wells within Low Medium High Cochran—Armitage trend
weighted well count? 10 miles (first tertile) ~ (second tertile)  (third tertile) test p-value?
Live births (n) 66,626 19,214 19.209 19,793
CHDs
Cases (n) 887 281 300 355
Crude OR 1 1.1 12 1.3 <0.0001
Adjusted OR (95% Cl)® 1.1(093,1.3)  1.2(1.0,1.3) 1.3(1.2,1.5)
NTDs
Cases (n) 27 6 7 19
Crude OR 1 0.77 0.90 24 0.01
Adjusted OR (95% ClI)? 0.65(0.25,1.7) 0.80(0.34,1.9) 2.0(1.0,3.9)
Oral clefts
Cases (n) 139 31 41 40
Crude OR 1 0.77 1 0.97 09

Adjusted OR (95% CI)® 0.65(0.43,0.98) 0.89(0.61,1.3) 0.82(0.55,1.2)

aFirst tertile, 1-3.62 wells/mile; second tertile, 3.63-125 wells/mile; third tertile, 126-1,400 wells/mile. "Performed as two-
tailed test on unadjusted logistic regression. “Adjusted for maternal age, ethnicity, smoking, alcohol use, education, and
elevation of residence, as well as infant parity and sex. YAdjusted only for residence elevation because of low numbers.
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preterm birth and term low birth weight, and
a small positive association with mean birth
weight. We found no indication of an associa-
tion between density and proximity of natural
gas wells within a 10-mile radius of maternal
residence and oral cleft prevalence.
Nongenetic risk factors for CHDs and
NTDs possibly attributable to NGD include
maternal exposure to benzene (Lupo et al.
2010b; Wennborg et al. 2005), PAHs (Ren
et al. 2011), solvents (Brender et al. 2002;
Chevrier et al. 1996; Desrosiers et al. 2012;
McMartin et al. 1998), and air pollutants
(NO,, SO,, PM) (Vrijheid et al. 2011). NGD
emits multiple air pollutants, including ben-
zene and toluene, during the “well comple-
tion” phase (when gas and water flow back
to the surface after hydraulic fracturing) as

Natural gas development and birth outcomes

well as from related infrastructure (CDPHE
2009a, 2009b; Garfield County Public Health
Department 2009; Gilman et al. 2013;
McKenzie et al. 2012; Pétron et al. 2012).
Ambient benzene levels in areas with active
NGD in Northeast Colorado ranged from
0.03 to 6 parts per billion by volume (ppbv)
(CDPHE 2012; Gilman et al. 2013; Pétron
et al. 2012). Furthermore, 24-hr average ambi-
ent air benzene levels near active well develop-
ment sites in western Colorado ranged from
0.03 to 22 ppbv (McKenzie et al. 2012).

Two previous case—control studies have
reported associations between maternal expo-
sure to benzene and birth prevalence of NTDs
and/or CHD:s (Lupo et al. 2010b; Wennborg
et al. 2005). The study by Lupo et al. (2010b)
of 4,531 births in Texas found that mothers

Table 3. Association between inverse distance weighted well count within 10-mile radius of maternal
residence and preterm birth and term low birth weight.

Cochran—Armitage

Inverse distance 0 wells within Low Medium High trend test
weighted well count? 10 miles (first tertile)  (second tertile) (third tertile) pvalueb
Preterm birth
Live births (n) 65,506 18,884 18,854 19,384
Cases (n) 4,849 1,358 1,289 1,274
Crude OR 1 0.97 0.92 0.88 <0.0001
Adjusted OR (95% Cl)° 0.96(0.89,1.0) 0.93(0.87,1.0) 0.91(0.85,0.98)
Term low birth weight
Full-term live births (n) 60,653 17,525 17,565 18,104
Cases (n) 2,287 525 471 432
Crude OR 1 0.79 0.70 0.62 <0.0001
Adjusted OR (95% Cl)° 1.0(0.9,1.1) 0.86(0.77,0.95) 0.9(08,1)
Mean difference in birth 0 5(-2.2,13) 24(17,31) 22 (15, 29)
weight (g)?

aFirst tertile, 1-3.62 wells/mile; second tertile, 3.63—125 wells/mile; third tertile, 126-1,400 wells/mile. *Performed as
two-tailed test on unadjusted logistic regression. °Adjusted for maternal age, ethnicity, smoking, alcohol use, education,
and elevation of residence, as well as infant parity and sex. Adjusted for maternal age, ethnicity, smoking, alcohol use,
education, and elevation of residence, as well as infant parity, sex, and gestational age.

Table 4. Association between inverse distance weighted well count within 10-mile radius of maternal
residence and CHD diagnostic groups.

0 wells within Low Medium High

Inverse distance weighted well count? 10 miles (first tertile)  (second tertile)  (third tertile)
Conotruncal defects

Cases (n) 40 14 13 15

Adjusted OR (95% Cl)? 1 1.1(057,22) 1.1(0.55,2.0) 1.2(0.6,2.2)
Ventricular septal defects

Cases (n) 210 68 59 84

Adjusted OR (95% Cl) 1 1.3(0.96,1.8) 1.1(0.81,1.5) 15(1.1,2.1)
Endocardial cushion and mitrovalve defects

Cases (n) 39 14 12 12

Adjusted OR (95% CI)? 0.81(0.42,1.6) 0.80(0.41,1.5) 0.67(0.33,1.32)
Pulmonary artery and valve defects

Cases (n) 137 52 62 66

Adjusted OR (95% Cl)® 1 1.3(0.89, 1.8) 15(1.1,2,1) 16(1.1,2,2)
Tricuspid valve defects

Cases (n) 9 5 8 8

Adjusted OR (95% CI)? 1 2.6(0.75,9.1) 39(1.3,11) 42(1.3,13)
Aortic artery and valve defects

Cases (n) 75 22 21 24

Adjusted OR (95% Cl)® 1 1.1(0.68,19) 10(062,1.8  1.2(0.73,2.1)
Patent ductus arteriosis

Cases (n) 59 18 17 15

Adjusted OR (95% Cl)¢ 1 1.0(0.56,1.8) 0.96(0.55,1.7) 0.83(0.44,1.5)

aFirst tertile, 1-3.62 wells/mile; second tertile, 3.63-125 wells/mile; third tertile, 126-1,400 wells/mile. ?Adjusted only for
residence elevation of because of low numbers. “Adjusted for maternal age, ethnicity, smoking, alcohol use, education,
and elevation of residence, as well as infant parity and sex.
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living in census tracts with the highest ambi-
ent benzene levels (0.9-2.33 ppbv) were 2.3
times more likely to have offspring with spina
bifida than mothers living in census tracts with
the lowest ambient benzene levels (95% CI:
1.22, 4.33). An occupational study of Swedish
laboratory employees found a significant asso-
ciation between exposure to occupational lev-
els of benzene in the critical window between
conception, organogenesis, and neural crest
formation and neural crest malformations
(Wennborg et al. 2005). Children born to
298 mothers exposed to benzene had 5.3
times greater prevalence of neural crest mal-
formations than children born to mothers
not exposed to benzene (95% CI: 1.4, 21.1).
Other studies of maternal exposures to organic
solvents, some of which contain benzene,
have reported associations between maternal
occupational exposure to organic solvents
and major birth defects (Brender et al. 2002;
Desrosiers et al. 2012; McMartin et al. 1998).
Although exposure to benzene is a plausible
explanation for the observed associations, fur-
ther research is needed to examine whether
these associations are replicated and whether
benzene specifically explains these associations.

Air pollutants emitted from diesel engines
used extensively in NGD also may be associ-
ated with CHDs and/or NTDs. Trucks with
diesel engines are used to transport supplies,
water, and waste to and from gas wells, with
40 to 280 truck trips per day per well pad
during development (Witter et al. 2013).
Generators equipped with diesel engines are
used in both drilling wells and hydraulic frac-
turing. Air pollutants in diesel exhaust include
NO,, SO,, PM, and PAHs. A meta-analysis
of four studies suggested associations of mater-
nal NO, and SO, exposures with coarctation
of the aorta and tetralogy of Fallot, and of
maternal PM;, exposure with arterial septal
defects (Vrijheid et al. 2011). Two case—
control studies in China reported positive
associations between PAH concentrations in
maternal blood and the placenta and NTDs
(Li et al. 2011; Naufal et al. 2010). Several
CHD:s were associated with traffic related car-
bon monoxide and ozone pollution in a case
control study of births from 1987 to 1993 in
Southern California (Ritz et al. 2002).

The small negative associations with term
low birth weight and preterm birth in our
study population were unexpected given that
other studies have reported postive associa-
tions between these outcomes and urban air
pollution (Ballester et al. 2010; Brauer et al.
2008; Dadvand et al. 2013; Ghosh et al.
2012; Llop et al. 2010) and proximity to
natural gas wells (Hill 2013). It is possible
that rural air quality near natural gas wells in
Colorado is not as compromised as urban air
quality in these studies, and exposure repre-
sented as IDW well count may not adequately
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represent air quality. In addition, the power
of our large cohort increases the likelihood
of false positive results for small associations
close to the null. Although associations were
consistent across measures of birth weight
(i.e., reduced risk of term low birth weight
and increase in mean birth weight), they
attenuated toward the null in sensitivity analy-
sis for 2- and 5-mile radii (see Supplemental
Material, Tables S6-S7). If causal, stronger
associations would be expected with more
stringent exposure definions. Our incomplete
ability to adjust for socioeconomic status,
health, nutrition, prenatal care, and preg-
nancy complications likely accounts for these
unexpected findings.

This study has several limitations inher-
ent in the nature of the available data. Not
all birth defects were confirmed by medical
record review. Also, birth defects are most
likely undercounted, because stillbirths, ter-
minated pregnancies, and later-life diagnoses
(after 3 years of age) are not included. Birth
weight and gestational age were obtained from
birth certificates, which are generally accurate
for birth weight and useful but less accurate
for gestational age (DiGiuseppe et al. 2002).
Data on covariates were obtained from birth
certificates and were limited to basic demo-
graphic, education, and behavioral informa-
tion available in the vital records. Distribution
of covariates among exposure tertiles and the
unexposed group was similar; nevertheless, our
incomplete ability to adjust for socioeconomic
status, health, nutrition, prenatal care, and
pregnancy complications may have resulted in
residual confounding. In addition, low event
outcomes (e.g., NTDs) were adjusted only
for elevation. The data set did not contain
information on maternal folate consumption
and genetic anomalies, both independent
predictors of our outcomes, which may have
confounded these results. We did observe a
large decrease in the prevalence of NTDs after
the introduction of folic acid in 1998, and
small increases in the prevalence of CHDs
and oral clefts, although none of the estimates
are statistically significant (see Supplemental
Material, Table S1). Further study is needed
to determine whether unaccounted folate con-
founding is attenuating our results toward the
null. There is no evidence indicating genetic
anomalies would differ by IDW well count
around maternal residence.

Because of the rarity of specific birth
defects in the study population, birth defects
were aggregated into three general groups.
This limited our study in that associations
with specific birth defects may have been
obscured. An exploratory analysis of CHDs by
clinical diagnostic groups indicates increased
prevalence of specific diagnostic groups
(i.e., PAV, VSD, and TVD) compared with
aggregated CHDs (Table 4).
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Another limitation of this study is the
lack of temporal and spatial specificity of
the exposure assessment. Because we did not
have maternal residential history, we assumed
that maternal address at time of delivery was
the same as maternal address during the first
trimester of pregnancy—the critical time
period for formation of birth defects. Studies
in Georgia and Texas estimate that 22-30%
of mothers move residence during their
pregnancy, and most mothers move within
their locality (Lupo et al. 2010a; Miller et al.
2010), potentially introducing some expo-
sure misclassification for the early pregnancy
period of interest. However, these studies
found little difference in mobility between
cases and controls (Lupo et al. 2010a; Miller
et al. 2010), and maternal mobility did not
significantly influence the assessment of ben-
zene exposure (Lupo et al. 2010a). We were
able to determine only whether a well existed
within the calendar year of birth (e.g., 2003)
and did not have sufficient data to determine
if a well existed within the first trimester of
the pregnancy. Therefore, some nondifferen-
tial exposure misclassification is likely and the
overall effect of this is unknown.

Similarly, we had consistent information
only on existence of a well in the birth year.
Lack of information on natural gas well activity
levels, such as whether or not wells were pro-
ducing or undergoing development, may have
resulted in exposure misclassification. Actual
exposure to natural gas—related pollutants
likely varies by intensity of development activi-
ties. Lack of temporal and spatial specificity
of the exposure assessment would most likely
have tended to weaken associations (Ritz et al.
2007; Ritz and Wilhelm 2008). To address
spatial and temporal variability, additional air
pollution measurements and modeling will
be needed to improve exposure estimates at
specific locations. Last, information on the
mother’s activities away from her residence,
such as work and recreation, as well as proxim-
ity of these activities to NGD was not avail-
able and may have led to further exposure
misclassification and residual confounding.

Conclusion

This study suggests a positive association
between greater density and proximity of
natural gas wells within a 10-mile radius of
maternal residence and greater prevalence
of CHDs and possibly NTDs, but not oral
clefts, preterm birth, or reduced fetal growth.
Further studies incorporating information
on specific activities and production levels
near homes over the course of pregnancy
would improve exposure assessments and
provide more refined effect estimates. Recent
data indicate that exposure to NGD activi-
ties is increasingly common. The COGCC
estimates that 26% of the > 47,000 oil and

gas wells in Colorado are located within
150-1,000 feet of a home or other type of
building intended for human occupancy
(COGCC 2012). Taken together, our results
and current trends in NGD underscore the
importance of conducting more comprehen-
sive and rigorous research on the potential

health effects of NGD.
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High winter ozone pollution from carbonyl
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The United States is now experiencing the most rapid expansion in
oil and gas production in four decades, owing in large part to imple-
mentation of new extraction technologies such as horizontal dril-
ling combined with hydraulic fracturing. The environmental impacts
of this development, from its effect on water quality’ to the influence
of increased methane leakage on climate?, have been a matter of intense
debate. Air quality impacts are associated with emissions of nitro-
gen oxides™ (NO, = NO + NO,) and volatile organic compounds®”
(VOCs), whose photochemistry leads to production of ozone, a sec-
ondary pollutant with negative health effects®. Recent observations
in oil- and gas-producing basins in the western United States have
identified ozone mixing ratios well in excess of present air quality
standards, but only during winter’'*. Understanding winter ozone
production in these regions is scientifically challenging. It occurs
during cold periods of snow cover when meteorological inversions
concentrate air pollutants from oil and gas activities, but when solar
irradiance and absolute humidity, which are both required to initi-
ate conventional photochemistry essential for ozone production, are
at a minimum. Here, using data from a remote location in the oil
and gas basin of northeastern Utah and a box model, we provide a
quantitative assessment of the photochemistry that leads to these
extreme winter ozone pollution events, and identify key factors that
control ozone production in this unique environment. We find that
ozone production occurs at lower NO, and much larger VOC con-
centrations than does its summertime urban counterpart, leading
to carbonyl (oxygenated VOCs with a C=0 moiety) photolysis as a
dominant oxidant source. Extreme VOC concentrations optimize
the ozone production efficiency of NO,. There is considerable poten-
tial for global growth in oil and gas extraction from shale. This anal-
ysis could help inform strategies to monitor and mitigate air quality
impacts and provide broader insight into the response of winter ozone
to primary pollutants.

One of the key scientific challenges in understanding winter ozone
(O5) is determining the source of the radicals (gas-phase molecules with
an unpaired electron that react rapidly with VOCs) required to initiate
and sustain oxidation cycles. Quantifying these sources is essential for
understanding the individual roles of NO, and VOCs during these O
pollution episodes and for the design of mitigation strategies™. By far
the largest radical source in the lower atmosphere is the photolysis of
O; itself, which produces a small yield of electronically excited oxygen
atoms, O(ID), some of which react with water vapour to produce hydrox-
y1 (OH) radicals®. During mid-latitude winter, both ultraviolet light and,
especially, water vapour are far less abundant than in summer, leading
to a 15- to 60-fold decrease in primary OH production through this

mechanism'®"”. The seasonal cycle in mid-latitude OH production is
responsible for the summertime maxima in urban Os but presents a
conundrum for understanding winter O3 events (Fig. 1).

The Uintah Basin Winter Ozone Studies (UBWOS) were a set of field
intensives (large sets of air and radiation measurements occurring for
a limited duration, typically weeks to months) at a remote location
(40.1437° N, 109.4680° W) within the oil and gas basin of northeastern
Utah (Fig. 1) during January and February of 2012, 2013 and 2014, moti-
vated by observations of high O3 in two preceding years. Winter Oj is
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Figure 1 | Seasonal cycle of O; in the Uintah Basin, Utah and the Los
Angeles Basin, California in 2013. a, Digital elevation map (elevation
indicated by colour scale) of the Uintah Basin showing oil and gas wells
(grey dots), O3 monitors (red circles) urban centres (yellow squares) and the
site of the field intensives (Horsepool, blue diamond). b, Graphs at left show
daily maximum 8-h average O; for 2013 at Ouray, Utah, a remote site in the
Uintah Basin (population 50,000), and Riverside, California, an urban receptor
site in the eastern Los Angeles Basin, a region with 18 million residents. Graphs
at right show data sorted by increasing O3 mixing ratio, together with the
number of days in excess of the US national ambient air quality standard

(75 p.p.b.v., 8 h average; black dashed line). In 2013, O exceedances were more
frequent and greater in severity at Ouray than at Riverside, despite the large
difference in population.
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clearly related to oil and gas emissions; although inventories remain
uncertain, the US Environmental Protection Agency estimates that oil
and gas activities are responsible for 62% of NO,, emissions and 97% of
VOC emissions in the two counties that comprise the Utah side of the
basin. The winter of 2011-2012 was warm, with no snow cover and only
moderate (16 p.p.b. d! average) O; production and no O3 in excess of
51 p.p.b. by volume'® (p.p.b.v.). Multiple strong O; events occurred
during the colder and consistently snow covered winter of 2012-13, with
threefold-greater daily average O; production than during the previous
year. Meteorologically stagnant conditions that concentrate emissions
in a shallow boundary layer have been a prerequisite of winter O events
observed thus far. These conditions are amenable to treatment with a
box model, in which the relevant chemical reactions are simulated in a
zero-dimensional ‘box’; emissions of primary pollutants into the box
are included, and transport and dry deposition processes are repre-
sented through a first-order loss term. Further details of the model,
containing an updated Master Chemical Mechanism v3.2 chemistry
scheme'® containing more than 10,000 reactions, is in Methods. The
near-explicit model of radical sources, propagation and amplification
allows a powerful analysis of the factors that govern winter O; produc-
tion and that differentiate it from its summer, urban counterpart.

Figure 2 shows a single, stagnant, 6 d period (31st January to 5th
February 2013) during which daily-mean O; mixing ratios increased
from 54 to 95 p.p.b.vand the daily maximum 8 h-average O increased
from 67 to 107 p.p.b.v. This event was the longest sustained build-up
of O3, although even higher mixing ratios were observed during the
2013 study (Fig. 1). Throughout this period, the model reproduces the
observed build-up and diurnal cycle of O3, with a mean 10 min-average
model-to-measurement discrepancy of +4%. The model also accurately
reproduces observed concentrations of the key oxidized reactive nitro-
gen (for example peroxyacetyl nitrate, with an average model deviation
of +1%) and oxygenated VOC:s (for example acetaldehyde, —2%) over
the 6 d simulation, providing additional confidence in the simulation
of VOC-NO, photochemistry and O3 production. Further details on
model performance are in Methods.

The detailed chemical mechanism enables the identification of the
radical sources that drive O; production. The pie charts on the right

side of Fig. 2 and Extended Data Table 3 show the integrated radical
sources on the final day of the simulation. Primary OH production
through O('D) + H,O was small (0.74 ppbv.d” ! or 4% of the total),
as is expected for this winter environment. By comparison, this source
is approximately 10 p.p.b.v.d ™" in the Los Angeles basin in summer",
but was only 0.17 p.p.b.v.d " during UBWOS 2012, when Oj levels were
much lower'®. The reaction of O3 with unsaturated hydrocarbons (al-
kenes) is an OH source that can be large during periods of high urban
O; (ref. 20), but contributes only 0.34 p.p.b.v.d ™ ! (1.8% of the total) here
owing to the low emissions of alkenes relative to alkanes and aromatics’.
Photolysis of nitryl chloride, CINO,, which arises from the night-time
heterogeneous reactions of nitrogen oxides®' was also small, probably
asaresult of alack of aerosol-phase chloride. Nitrous acid (HNO,) also
forms from heterogeneous reactions of nitrogen oxides, and photolyses
readily to produce OH radicals. The sources and atmospheric chemistry
of HNO, have been the subject of intense recent interest (see, for example,
ref. 22), including during the winter of 2011 in Wyoming". The photo-
lysis of HNO, was the least certain free-radical source because of the
difficulty in measuring it reliably. The HNO, contribution to UBWOS
2013 in Fig. 2 is an estimate based on measurements in 2012 (Methods).
The shaded region in the plot of O; in Fig. 2 illustrates the effect of HNO,
on the calculated O3, with the lower bound being a simulation with zero
HNO, and the upper bound a simulation with a twofold increase in
HNO,. This radical source is not required to simulate O; build-up events
accurately, although it may have a significant role during the initiation
stages, when other radical sources are smaller.

By far the dominant radical source (85%) in the simulation on day six
is the photolysis of carbonyl compounds. The model under-predicted
formaldehyde, the simplest carbonyl, by 30%, and an additional constant
formaldehyde source was added to achieve agreement with observations.
This source could arise from a direct emission or incomplete model chem-
istry. Removal of this source results in 6%-lower peak O; on day six.
Even with additional formaldehyde added to the model, the majority
of the radical production on day six (9.3 p.p.b.v.d " and 50.5%) is due to
the photolysis of larger carbonyl compounds (keto-aldehydes, glyoxal +
methyl glyoxal and mono-aldehydes, comprising 13.5, 11.2 and 9.3%, res-
pectively). Although carbonyl compounds are products of VOC oxidation,
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Figure 2 | Observed and modelled photochemistry at Horsepool, Utah.

a, Observed ozone (red) during a multi-day meteorological stagnation event.
Overlaid on the observations is a chemical box model simulation (blue)
employing the Master Chemical Mechanism scheme. The solid line is the base
simulation (see main text and Methods), and the shaded region is the range
of simulation without photolysis of nitrous acid (HNO,) or with twice the
base-case HNO, photolysis as a radical source. b, Comparison between model
(blue) and measurement (red) for peroxyacetyl nitrate (PAN; left) and
acetaldehyde (CH;CHO; right), which are the photochemical oxidation
products of reactive nitrogen and VOCs, respectively. ¢, Contributions of
different free radical sources on day six of the simulation for total sources (top)
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and primary sources only (bottom), sized according to their relative
magnitudes. The lower pie chart illustrates only the primary radical production
(O5 photolysis, O alkene reactions and photolysis of radical precursors
produced in heterogeneous nitrogen oxide reactions). If the additional 30%
H,CO added to the model arises from an emission source, it would represent a
primary radical source and would be included in the lower pie chart. These
sources are presumably responsible for initiation of the early stages of O
production. O; photolysis and reaction with alkenes, which are shown for day
six of the simulation, scale with Oj itself and are therefore smaller contributors
at the onset of O3 build-up events.
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they are net radical sources that function as radical amplifiers because
they are chemically stable products formed during radical propagation
chains (that is, reactions that consume and produce one radical). Further
details on this process are in Methods.

As noted above, no high-Oj; events occurred during the 2012 study,
raising the question of the role of snow cover in driving O3 production.
The principal effects of snow cover are to increase surface albedo and,
thus, actinic flux for photolysis reactions, and to reduce the mixed-
layer height, concentrating primary emissions. Simulations with reduced
albedo (from the observed 0.85 to 0.1) but the same emissions and
physical loss of NO, and VOC result in a 33% decrease in peak O3 on
day six. A simulation with VOC mixing ratios equivalent to those of
the 2012 study year (that is, assuming the same high VOC emissions
between the two years, but with greater dilution in 2012), but with an
albedo 0f 0.85, results in a 45% reduction in peak O on day six'’. Thus,
both high VOC emissions into a shallow, stable boundary layer, and
increased photolysis rates due to the snow albedo, are required for
rapid winter O3 production.

A key question in the design of O; mitigation strategies is the relative
effectiveness of emissions reductions in VOC precursors versus NO,
precursors'. Analysis of the lower-O; year during UBWOS 2012 showed
it to be radical limited'®, because the rate of radical production was small
compared with the rate of emission of NO, (ref. 23), which determines
the rate of radical removal. Radical limitation normally leads to NO,,
saturation (that is, increased NO, leads to decreased O), which is typical
of most urban areas in winter, where Oj is generally well below air qua-
lity standards. Figure 3 shows the contours of an O3 isopleth diagram
for the build-up event in Fig. 2, that is, peak O; on day six of the sim-
ulation as a function of NO, and VOC emissions, normalized to unity
for the base-case simulation of Fig. 2. The total net radical production
of 18.5 p.p.b.v.d ! is sufficient to prevent NO, saturation. As the right-
most graphs in Fig. 3 show, NO, is near its peak efficiency for O; pro-
duction, and the response of O; to VOC emissions is just beyond the
transition from VOC sensitive to VOC saturated. These results contrast
with an earlier model study of the Upper Green River Basin, Wyoming,
in which simulations of three of four events were NO, saturated and
VOC sensitive according to analysis of single-day events using a lumped
VOC degradation scheme’.

The isopleth diagram in Fig. 3 appears similar to that for summer
urban Oj; (ref. 14). However, the graphs on the left-hand side of the
figure, which compare NO,, VOC mixing ratios and OH reactivity

c 1.0
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(see below) in the Uintah Basin in winter to the Los Angeles Basin in
early summer (May-June), illustrate significant differences. The Los
Angeles measurements are from the CalNex field intensive (May-June
2010, Pasadena, California), during which the maximum 8 h-average
O; reached 84 p.p.b.v. The distributions of NO, and VOCs in these
environments are quite different, with much (nearly fourfold) lower
NO, but much (~15 times) greater VOC in the Uintah Basin. The com-
position of VOCs from urban emissions differs considerably from that
of VOCs from oil- and gas-producing regions’, with the latter domi-
nated by compounds (that is, light alkanes) that are less reactive to
OH radicals and, thus, less effective at producing O; (ref. 24). Even
accounting for this difference, the median calculated OH reactivity
(that is, the sum of all VOC + OH rate coefficients multiplied by the
VOC concentration) is 4.6 times greater in the Uintah Basin than in
Los Angeles. (We note that methane, although abundant in the Uintah
Basin®, accounts for less than 1.5% of the calculated OH reactivity.)
Thus, although similar in appearance to that of an urban area, the O;
isopleth in Fig. 3 occupies a very different NO,~VOC space. Were NO,,
in the wintertime Uintah Basin more comparable to that of urban
settings historically, the O3 photochemistry would be fully NO, satu-
rated and O; production would thus be significantly less efficient.
Conversely, if the VOC mixing ratios and OH reactivity in the winter-
time Uintah Basin were more typical of an urban area, the photochem-
istry would not give rise to strong O; events. It is the exceedingly high
VOC concentrations, and the radicals produced during their oxidation,
in the oil and gas region that leads to highly efficient O; production.

Although observed extreme winter O events in the United States have
been limited to meteorologically stagnant conditions in mountain basins,
similar phenomena may occur in regions with oil and gas development
without routine air quality monitoring"’. Present emissions trends in the
United States are towards lower NO, from urban and power generation
sources**”’, and increasing methane and VOCs from fossil fuel develop-
ment’. Urban areas in close proximity to oil- and gas-producing regions
may tend towards more efficient O; production during the winter sea-
son, with as yet unrecognized consequences. Shale gas development in
other mid- or high-latitude regions that may experience stable winter
meteorology, such as continental Europe®, the United Kingdom* and
China® lags that of the United States but holds the same potential for
rapid exploitation®'. The measurement and model framework outlined
here will serve to better define emerging air quality issues associated
with global development of new fossil fuel resources.
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Figure 3 | Isopleth diagram for winter O production. a, Isopleth with
contours showing peak O on day six of the simulation in Fig. 2 as a function of
the emissions of NO, and VOC in the model relative to the base case (red
symbol). The dashed line indicates the 75 p.p.b.v. US national ambient air
quality standard (NAAQS). b, Response of peak O3 to NO, (top) and VOC
(bottom), expressed in mixing ratio units. These plots are slices through the

surface at the red horizontal and vertical lines in the isopleth diagram, with the
base case shown as the red symbol. ¢, Comparison of distributions of NO, (top),
VOC (middle, expressed as parts per million carbon) and calculated OH
reactivity with respect to VOC (bottomy; see text) for the Uintah Basin, Utah in
January-February 2013 (blue bars) and for measurements in May-June 2010 in
Pasadena, California in the Los Angeles Basin (red bars).
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and Source Data, are available in the online version of the paper; references unique
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METHODS

Model chemistry scheme and constraints. The meteorologically stagnant con-
ditions associated with winter O; events are amenable to treatment with a box model,
in which the relevant chemical reactions are simulated in a zero-dimensional ‘box’,
which includes emissions of primary pollutants into the box and the representa-
tion of both the transport of species out of the box and dry deposition processes
through a first-order physical loss term. This approach has the advantage of allow-
ing detailed treatment of the VOC oxidation chemistry, at the expense of a com-
prehensive representation of dynamical processes. The approach has been applied
previously® to simulate winter O events in the Upper Green River Basin (UGRB)
of Wyoming. Our model builds upon this prior analysis in a number of respects.
First, our simulation uses an explicit, rather than lumped, VOC degradation scheme.
The explicit chemistry accurately simulates radical sources derived from carbonyl
photolysis, key to understanding the VOC and NO, sensitivities of O3 produc-
tion. Second, we simulate a multi-day build-up event rather than single-day ozone
events. Third, our simulations use continuous emissions of VOC and NO,, tuned
to match observed levels, while the UGRB simulations used an initial VOC and NO,
concentration for each day, which was subsequently allowed to oxidize away. Fourth,
our simulations use an explicit scheme for the diurnal variation in boundary-layer
height (expressed as a dilution term in the box model) matched to LIDAR obser-
vations and to the diurnal variation in long-lived species, such as methane. The
UGRB simulations used either a fixed boundary layer, or a linear growth in bound-
ary layer. Fifth, our simulations are constrained to realistic diurnal variations of
nitrous acid, HNO,, based on observations, rather than expressing HNO, as a fixed
ratio to NO,. Sixth, our simulations appear to use a more realistic range of NO,
(<10 p.p.b.v. range for the diurnal average, rather than an initial concentration exceed-
ing 100 p.p.b.v.). Seventh, our simulation is tested against observations of photo-
chemical products other than ozone, such as peroxyacetyl nitrates and oxygenated
VOCs, to lend confidence to the result. Lastly, our simulations explicitly calculate
radical sources and their magnitude, and use this information to define the VOC
and NO, sensitivity.

Model simulations were performed using the Dynamically Simple Model of
Atmospheric Chemical Complexity*>* (DSMACC). The model chemistry scheme
is generated by the Master Chemical Mechanism (MCM) v3.2'** and contains
detailed inorganic chemistry and a near-explicit degradation scheme for 32 of the
observed VOCs and OVOCs (Extended Data Table 1), resulting in 2,754 species
and 10,675 reactions. The MCM v3.2 chemistry scheme has been updated to include
temperature-dependent yields for organic nitrates based on ref. 36. This change
to the mechanism was important because temperatures during winter ozone events
are significantly lower than during more typical, summertime urban ozone forma-
tion (for example, —8.5 °C was the average during the 2013 measurements in the
Uintah Basin, Utah).

The UBWOS field intensives made an extensive set of meteorological and chem-
ical observations with which to constrain the model, including more than 60 spe-
ciated VOCs, speciated reactive nitrogen (NO, and its major oxidation products)
and photochemical radical precursors (Extended Data Table 1). Modelling of
UBWOS 2012, during which there was no snow on the ground and ozone did not
exceed the US national ambient air quality standards, has already been reported'®.
During UBWOS 2012, the deployed instrumentation provided a more extensive
suite of observed VOCs than was available during 2013 (see Methods section on
chemical and radiation measurements). Thus, to maximize the model constraints
for UBWOS 2013, several of the UBWOS 2012 observations have been used to
inform the 2013 model study. Aromatic VOCs in 2013 were measured by PTR-MS,
providing a sum of all aromatic species at individual carbon numbers (that is, XCo
aromatics, XC;, aromatics and so on). The use of a GC-MS co-located with the
PTR-MS in 2012 allowed the speciation of these aromatic classes. Although no
GC-MS was present during UBWOS 2013, the PTR-MS aromatic classes have
been allocated to specific compounds on the basis of the 2012 speciation ratios.
This approach rests on the assumption that relative emissions from the oil and
gas production source did not change between the two years. A similar approach
was also used for the substituted cyclo-alkane species that were measured during
UBWOS 2012 but not 2013. During UBWOS 2012, all the cyclo-alkanes had a
similar daily profile, indicating a common source. Although many of these com-
pounds were not measured during UBWOS 2013, their concentrations have been
estimated on the basis of their observed ratio to cyclohexane in 2012. As the MCM
does not contain explicit oxidation schemes for the seven substituted cyclo-alkanes
whose concentrations have been estimated, these compounds have been lumped
as cyclohexane for the simulations described here. The MCM chemistry scheme has
also been modified to include the photolysis of CINO, to yield a chlorine radical*®.

All primary VOC species in the model are introduced via a constant emission
over the entire six-day period, tuned to best match the observed concentrations. As
the production mechanisms of HNO, and CINO, involve uncertain heterogeneous
processes, and are therefore difficult to represent in this purely gas-phase mechanism,
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the concentrations of these radical precursor species have been constrained to an
average diurnal concentration profile (Extended Data Fig. 1). CINO, concentra-
tions were constrained to the observed 2013 average diurnal, while HNO, con-
centrations were constrained to the observed 2012 average diurnal to provide an
upper limit for its importance as a primary radical source (see Methods section
on wintertime photochemistry).

NO, within the model was constrained via a constant emission of NO. The model
chemistry scheme calculates the partitioning between all reactive nitrogen com-
pounds, and the emission of NO was adjusted to minimize the deviation between
the model and observed NO, concentration (Extended Data Fig. 1).

Data from the 2013 Uintah Basin Winter Ozone Studies are available at http://
esrl.noaa.gov/csd/groups/csd7/measurements/2013ubwos/. National O; data, such
as those in Fig. 1, are available from the US Environmental Protection Agency on
request (http://www.airnowtech.org).

Photolysis rates in the model. Direct observations of j(OlD) and j(NO,) were
available for UBWOS 2012, but not for UBWOS 2013. Instead, a total downwelling
radiation measurement was used to calculate these photolysis frequencies by com-
parison with data from 2012, when the total downwelling radiation measurement
was run alongside calibrated filter radiometers for j(O'D) and j(NO,). Polynomial
fits to the data on total radiation versus filter radiometer were used to extract a
calibration for the total radiation measurement for both j(O'D) and j(NO,). Ex-
tended Data Fig. 2a, b shows the 2012 average diurnal j(NO,) and j(OlD) filter
radiometer observations and the calculated photolysis frequencies using the 2012
total radiation measurement. Photolysis frequencies for UBWOS 2013 were then
calculated using the 2012 calibration for the 2013 total radiation observations (Ex-
tended Data Fig. 2a, b). The model uses the TUV radiation model*” to calculate
photolysis frequencies. TUV photolysis frequencies were calculated using the aver-
age observed surface albedo of 0.85 and an average observed O3 column density of
323 Dobson units (average OMI data during observation period). The TUV cal-
culated photolysis frequencies were then scaled to the average j(O'D) and j(NO,)
determined as described above, with the ratio between the measured and calcu-
lated j(NO,) being applied to all calculated photolysis rates other than j(O'D).
Physical loss within the model. Observed concentrations of long-lived species,
such as methane, did not continue to rise during the entirety of the six-day stag-
nation event, but instead accumulated during the first days of the event (approxi-
mately four days for methane; Extended Data Fig. 3a) and then levelled off. As the
lifetime of methane with respect to chemical loss is of the order of years, this estab-
lishment of a steady-state concentration indicates losses due to physical mixing
out of the shallow inversion layer. In addition to the multi-day trend in methane,
the observed concentrations also show a diurnal pattern, with increasing concen-
trations until late morning and then a decrease until late afternoon. This diurnal
pattern indicates increased mixing and dilution of species in the afternoon. This
is consistent with LIDAR and tether sonde observations'® of boundary-layer height,
which showed a growth in mixing height from 5-25m during the night to 130-
160 m between 12:00 and 16:00 local time, owing to turbulent convective mixing,
before reducing again as the sun set.

A first-order loss parameter was used to represent all non-chemical loss of species
through mixing, and to a lesser extent deposition, in order to prevent the accu-
mulation of unconstrained species within the model. To represent turbulent con-
vective mixing in this zero-dimensional model framework, a bi-modal, first-order
physical loss parameter was used, with one physical loss rate used for the night
and morning and a second, greater, loss rate used during the afternoon (Extended
Data Fig. 3b). This parameter was adjusted to best reproduce the methane obser-
vations, and then applied to all other species within the model, after correcting for
methane mixing into a non-zero (1.8 p.p.m.v.) background. The same dilution term
was applied to ozone after accounting for mixing into a background of 50 p.p.b.v.
(estimated using ozone LIDAR observations).

LIDAR and tether sonde observations do show some day-to-day variability in
the timing and magnitude of the change in boundary-layer depth, and, thus, in
dilution of the surface layer. The simple approach to representing mixing is invari-
ant from one day to the next, and thus will not capture day-to-day changes in ozone
that are due to physical losses. The simulation is intended to accurately simulate
the average daily ozone response and, thus, the sensitivity to average emissions of
VOCs and NO,. Simulations where the physical loss parameter was increased or
decreased by a factor of two showed changes in maximum day-six O; mixing ratios
of —43% and +36%, respectively. These changes are due to a combination of changes
in O precursor concentrations within the model as well as the change in the rate
of physical removal of Oj itself. In an attempt to isolate these effects, simulations
where the physical loss rate of O; was kept constant and that for all other species
was increased or decreased by a factor of two gave changes of —20% and +8%
respectively. As the relative emissions of NO, and VOCs do not change across these
simulations, it is interesting to note that the calculated daily O increase on day six
does not see as large a change as the absolute mixing ratio does between the base
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model simulation (A[O3] = 39 p.p.b.v.) and the simulations with the physical loss
rate for all species (including for Os) doubled (A[O3] =37 p.p.b.v.) and halved
(A[O5] = 36p.p.bv.).

Ozone surface uptake rates were measured during UBWOS 2013 by eddy cov-
ariance. The determined 24 h median observed ozone deposition rate of 0.02 cms ™
was included in all model simulations. This value is within the range from literature
studies of 0-0.2cms ™" over snow®. Although included for completeness, this
loss for ozone is insignificant compared with dilution and chemical losses.

LIDAR and balloon soundings from Horsepool show that the high O; is con-
centrated in the lowest few hundred metres above the surface and is not trans-
ported to the site from the free troposphere or lower stratosphere.

The model was initialized using the observed VOC, NO, and O; concentrations
at 00:00, 31 January 2013, and calculated oxidation product concentrations after a
24 spin-up period from this time. The model was integrated forwards, with an
output time step of 600, for a period of six days.

Model performance. In addition to reproducing the observed build-up of ozone
over the six-day period, the model also reproduced the build-up of other photo-
chemical oxidation products. Extended Data Fig. 4 shows the model to measurement
comparisons for (a) acetaldehyde, (b) acetone, (c) 2-butanone (MEK), (d) acetyl
peroxynitrate (PAN) and (e) propionyl peroxynitrate (PPN). Considering the
simple dynamical representation and the calculated photolysis frequencies, the
agreement between the calculated and observed oxidation products over the six-day
model is excellent (with average model deviations of —2% acetaldehyde, +44% MEK,
+1% PAN and —16% PPN). This agreement, calculated as the peak of a Gaussian
fit to the probability distribution of the 10 min-averaged model-to-measurement
deviation (Extended Data Fig. 4), gives confidence in the model’s ability to repro-
duce the observed ozone production photochemistry.

Chemical and radiation measurements during UBWOS 2013. Data used as
model inputs have been described in the preceding sections. Extended Data Table 2
summarizes the chemical and physical measurements at the Horsepool site dur-
ing January and February 2013 that were used for the model analysis. For a dis-
cussion of the UBWOS 2012 measurements, we refer the reader to ref. 16.

Briefly, nitrogen oxides (NO, = NO + NO,), ozone (Os) and total reactive nitro-

gen (NO,) were measured by cavity ring-down spectroscopy (CRDS) at 405 nm,
which detects NO, directly and other species simultaneously via conversion to NO,
(refs 39, 40). Similarly, night-time nitrogen oxides were measured by CRDS at
662 nm, detecting NOj; directly and N,Os via thermal conversion to NO; (ref. 41).
Nitryl chloride (CINO,) was measured, together with speciated PANs, using chem-
ical ionization mass spectrometry (CIMS) with iodide (I”) as a reagent ion*.
Potential interference due to peroxyacids was checked and found to contribute
<2% to measured concentrations*’. Inorganic acids, including HCI, HNO, and
HNO3, were measured using negative-ion proton transfer reaction (PTR) CIMS
with acetate (CH;CO, ") reagent ion*'. Oxygenated and aromatic VOCs were
measured by PTR-MS* and PTR-Tof-MS* (Tof, time of flight) using H;O*
primary ions. Speciated VOCs, including alkanes, alkenes, cycloalkanes, aromatics
and oxygenates were measured by GC-MS in 2012, and by GC-FID (FID, flame
ionization detection) in 2013*". Formaldehyde was measured by differential optical
absorption spectroscopy*® (DOAS) in 2012 and with PTR-MS in 2012 and 2013
using the method in ref. 49. Methane was measured using a commercial cavity
ring-down instrument”. Downwelling radiation was measured using a spectral
pyranometer™ as described above.
Construction of the ozone isopleth (Fig. 3). For this work to have the maximum
possible relevance for policy makers, the O3 isopleth diagram was constructed in
emissions space. For this purpose, 107 model simulations were carried out across a
landscape from VOC and NO, emissions at 10% of those required to reproduce
the observations in the base model to a doubling of emissions. VOC emissions were
treated as a whole, with the changes applied to the emissions of all VOC species
for each simulation. A contour plot was then constructed to map out the impact
of these changes in NO,.and VOC emissions on the maximum calculated O; mixing
ratio on day six of the simulation. Owing to the nonlinear nature of the chemistry,
and, hence, the impact of changing emissions on absolute concentration, Fig. 3b
was included to illustrate these sensitivities in VOC and NO, concentration space.
Description of the Uintah Basin. Figure 1 shows O3 at Ouray, Utah during 2013,
and Fig. 2 shows O during a six-day period in January-February at the Horsepool
intensive field site. Figure 1 shows a digital elevation map of the Uintah Basin indi-
cating the location of the Ouray and Horsepool sites and the distribution of the
~11,000 oil and gas wells. Also shown are O; monitors (not for regulatory pur-
poses) deployed during the 2010-2011 winter. All fourteen monitors within the
basin itself (excluding two at the far west and southwest edges of the map domain)
recorded at least one, and as many as 25, days above the 75 p.p.b.v. 8 h-average US
national ambient air quality standard for O; during this winter. Thus, these events
are widespread, impacting the largest population centres (Vernal, Utah and Rangely,
Colorado) in the basin®'.

Sources of radicals for wintertime photochemistry. Figure 2 shows the relative
contributions of different radical sources to the model simulation on day six. Ex-
tended Data Table 3 shows the absolute and relative contributions of these differ-
ent radical sources.

Primary radicals versus radical amplification reactions. Understanding the
source of radicals that drive tropospheric oxidation is central to understanding tro-
pospheric O3 photochemistry**. Throughout the troposphere, the major primary
radical source is the photolysis of O3 and the subsequent reaction of O('D) with
water vapour to yield 2 X OH (ref. 15), a process that generates radicals from stable
precursors without radical loss. In polluted environments, numerous other radical
sources, often derived from heterogeneous reactions of NO, or from intermediates
in the VOC degradation process may also contribute'>*>. During UBWOS 2013,
the net primary radical source was small (2.8 p.p.b.v. d ~'; Fig. 2); however, the num-
ber of radicals produced by these primary sources was greatly amplified through
the production of photolabile oxygenated VOCs (OVOCs), particularly carbonyl
compounds, which photolyse to produce additional radicals. The simplest example
of this process is the high-NO, oxidation of methane (reactions SR1-SR5, shown
in equations (1)-(5)), in which an OH attacks methane in SR1 to produce a peroxy
radical. This radical is propagated through SR2, in the formation of an alkoxy
radical, and SR3, in the formation of a hydro-peroxy radical, to reform OH in SR5.
In addition to a hydro-peroxy radical, SR3 also produces formaldehyde, a chem-
ically stable product of the radical propagation chain that photolyses readily (for
example, during UBWOS 2013 the HCHO lifetime with respect to photolysis was
approximately 4 h between the hours of 10:00 and 15:00 local time). Its photolysis
produces two hydro-peroxy radicals in its dominant photolysis channel, whose
yield is approximately 70% (ref. 53). Formation of two radicals in addition to the
radical that is propagated through this mechanism amplifies the primary radical
source

OH + CH, + O,— CH;0," + H,0 (1)
CH,0," + NO— CH;0" + NO, ()

CH;0" + 0,— HCHO + HO, (3)

0.7 X (HCHO + hv + 20,— HO, + HO, + CO) (4)
2 X (HO, + NO— OH + NO,) (5)

Extended Data Fig. 5a is a detailed version of the radical source pie chart shown in
Fig. 2, providing a greater breakdown of the moiety of the species that constitute
the carbonyl radical source. The high yield of photolabile oxygenated products (the
two most significant being formaldehyde and methyl-glyoxal) in the UBWOS 2013
calculations has the effect of rapidly amplifying the primary radical production, by
as much as a factor of 3-4 between the hours of 10:00 and 18:00. Formaldehyde is
the single largest contributor to this source. It arises from the oxidation of all the
VOCs, but, in particular, from light alkanes, such as C,Hg, i-CsHj», i-C4H;9 and
3-methylpentane, which were highly abundant in the Uintah Basin. Oxidation of
aromatics, in particular toluene and the xylenes, also produces numerous photo-
labile carbonyl compounds, many with both a ketone and an aldehyde functional
group, including methyl-glyoxal, which is the second largest single contributor to
radical production after formaldehyde in the model. A sensitivity test, in which all
aromatic emissions were replaced with a cyclohexane emission sufficient to pro-
duce constant OH reactivity, leads to a 7.5% reduction in peak O on day six of the
simulation, demonstrating the importance of radicals derived from aromatic VOCs.
The mono-aldehyde contribution to the radical source is dominated by the photo-
lysis of acetaldehyde, propanal and isobutanal.

The high rate of VOC oxidation by OH during UBWOS 2013 was due to the
large peroxy radical source, from these radical amplification processes, combined
with optimal NO, concentrations. During sunlight hours, an average of 89% of the
model HO, reacts with NO to yield OH (after correcting for the instantaneous cycling
of HO, with HO,NO,, which is a radical reservoir, not a net sink). This fraction
reaches >98% during the peak O; production period. As every NO-to-NO, con-
version (by reactions other than with O3) produces an Os, this efficient cycling of
radicals by the available NO, results in highly efficient O; production. Thus, total
VOC oxidation is rapid despite moderate peak OH concentrations (~1.2 X 10°
moleculescm ™2 on day six of the simulation) due to the short OH lifetime (20—
30 ms). The extremely high primary VOC concentrations in the Uintah Basin also
result in OH reactions being dominated by these species rather than reaction with
secondary oxidation products. This limits the reactive loss of the photolabile oxida-
tion products, such as methyl-glyoxal, thus increasing the loss of these compounds
via photolysis and increasing their dominance as the major radical source. Three-
dimensional model analyses, required to better understand the physical processes
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that lead to stagnation events and describe the distribution of Os, will need to re-
produce these radical sources if they are to accurately simulate photochemical Os.

The rapid reaction of OH with VOCs and HO, with NO results in the dominant

radical sinks being via organic peroxy radicals (Extended Data Fig. 5b). The small
contribution of OH reactions to the total radical sink is indicative of the efficient
VOC oxidation, and, thus, O; production, by OH within the model.
Nitrous acid (HNO,). Numerous recent studies have found photolysis of HNO,
to be a significant primary source of OH radicals, particularly in polluted (high-
NO,) environments®>***>**%_Tt is also a potentially important radical source
during periods of cold or snow cover. The emission of HNO, from the ground
or snow pack has been known for some time and has been measured as part of
snow chemistry studies in Arctic, Antarctic and mid-latitude environments'>*'-**,
One of these studies reports HNO, emissions from the snow pack in Wyoming
during high-O; episodes in 2011'2. HNO, observations during UBWOS 2013 were
made with a relatively new technique (acetate ion CIMS*') that was suspected to
suffer from chemical interference from peroxynitric acid (HO,NO,), a species
modelled to have been present at part-per-billion levels during the cold and photo-
chemically active winter of 2013. Data from the CIMS were thus not used to estimate
the contribution of HNO, to primary radical generation for the 2013 study. Mea-
surements of HNO, were made during the 2012 study by both CIMS and a long-
path differential optical absorption spectroscopy*® (LP-DOAS) instrument. As noted
above, the 2012 study year was characterized by warmer temperatures, no snow
cover and no Oj; events above the US national ambient air quality standard®.
Interference from HO,NO, in the CIMS instrument under these conditions would
be expected to be much smaller. The DOAS instrument was unavailable during the
2013 study, but was present in 2014, a year with snow cover but fewer O; excee-
dance events relative to 2013. Extended Data Fig. 6a shows the comparison of the
diurnally averaged HNO, from the DOAS instrument during 2012 and 2014,
along with the CIMS measurement from 2012. The CIMS HNO, was on average
0.032 p.p.b.v. lower than the DOAS HNO, in 2012, although this difference is
within the 0.035p.p.b.v. error in the DOAS HNO, determinations. The DOAS
HNO, was remarkably similar between 2012 and 2014, suggesting that the pres-
ence of snow cover or active photochemistry had little influence on the mixing
ratio of HNO,. Thus, in the absence of an interference-free HNO, measurement
during 2013, we used the daily average of the CIMS instrument from 2012 in the
base-model simulation. The integrated OH radical production from the 2012
CIMS HNO, was 1.6 p.p.b.v.d ™", compared with 2.5 and 2.6 p.p.b.v.d™" using
the 2012 and 2014 DOAS data, respectively. Figure 2 in the main text shows the
sensitivity of modelled Oj; to variation of HNO, from zero to twice the base-case
model. Because all estimates for the contribution of HNO, are relatively modest
compared with net radical production in 2013, this range has little influence on the
model-to-measurement comparison for O;.

Inclusion in the model of HNO, at levels comparable to those suggested in ref.
12 during winter O; events in Wyoming produces simulated Os levels larger than
observations by a factor of approximately two, similar to the conclusion of a
separate model analysis’. Strong vertical gradients in HNO, that confine large
concentrations to within a few metres of the snow surface, where HNO, is thought
to be produced heterogeneously, may reconcile different measurement results and
modelled O; responses, but would lead to simulation results not significantly
different from those shown in Fig. 2. If there were a large ground source of HNO,
during the 2013 year, its contribution to the entire boundary layer could be esti-
mated with a simple eddy diffusivity model. Classic turbulent diffusion theory
relates the timescale of transport of a species (f) to a height above the ground (g,
the standard deviation of a Gaussian diffusion plume) with an eddy diffusivity K:

t=d*2K,

Eddy diffusivities vary with height, being roughly proportional to height in the
surface layer and rising to a maximum in the middle of the mixed layer®*. Extended
Data Fig. 6b shows, at left, model results for a stable boundary layer over relatively
smooth snow-covered terrain®. The K, value in the model varied up to just over
10,000 cm”s~ " in the middle of a shallow boundary layer of similar height to the
boundary layer observed during UBWOS 2013. This range of K, values is consistent
with observations during flux studies at Alert NWT** and Summit, Greenland*>*.
Extended Data Fig. 6b shows, at right, the relative concentration profiles corres-
ponding to the K, values ranging from 500 to 10,000 cm?s ™", obtained from the
diffusion time and the first-order loss rate due to photolysis (Jino2) according to

[HNO,]/[HNO,]o = exp(—Jio20"/2Kz)
when the midday HNO, photolysis rate was 0.0016 s~ ' (10 min lifetime). A height

profile for HNO, was calculated numerically from the K_-vs-height results of ref. 64
and the profiles as functions of K,. Under these conditions, HNO, decreases
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rapidly with height and impacts only the lowest few tens of metres of the boundary
layer. Thus, even if there were a ground source as large as that inferred in ref. 12, its
contribution to radical production integrated across the entire boundary layer
would be unlikely to significantly exceed that used in the simulations presented here.
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local sources that produce large, transient spikes. The model, which has the
continuous emission characteristic of the basin-wide total, does not capture the
transients but does capture the average. This average agreement for total NO,
can be seen in the histogram of model deviation (e). This illustrates the
frequency of model percentage deviation (grey) between each model and
observation data point (both on a 10 min average). The orange fit line is a
Gaussian fit to this data, centred on 0% deviation.

Extended Data Figure 1 | Model constraints on NO, and radical precursors
derived from NO,. a, CINO, observations (red) and model treatment (blue).
b, UBWOS 2012 HNO, average diurnal observations used to constrain model
HNO.,. ¢, d, NO (c) and NO, (d) observations (red) and model values (blue)
using fixed NO emission into the model and the nitrogen partitioning
calculated by the chemistry scheme. The data for primary emissions (for
example NO, or CH,) are subject to large variation owing to the influence of
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Extended Data Figure 2 | Derivation of photolysis rates from pyranometer 2012 (red) and UBWOS 2013 (green). ¢, d, TUV-calculated j(NO,) (c) and
data in 2013. a, b, Observed j(NO,) (a) and j(OlD) (b) measured via filter j(OlD) (d) for a surface albedo of 0.1 (purely downwelling radiation; dashed
radiometer (black) during UBWOS 2012, with calculated photolysis blue) and for a surface albedo of 0.85 (solid blue).

frequencies, using a total downwelling radiation measurement, for UBWOS
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describe all physical loss processes within the model, shown as a first-order
reaction rate constant on the left axis, and a lifetime with respect to this process

on the right.
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Extended Data Figure 4 | Observed (red) and model calculated (blue)
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Gaussian fits to these probability distributions (orange) are used to describe the
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Extended Data Figure 5 | Detailed radical sources and losses. a, Radical source contributions for day six in the model simulation. The carbonyl radical sources
are separated by carbonyl moiety. b, Radical loss mechanisms on day six within the model.
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Model treatment

Observational technique

1,2,3-Trimethylbenzene
1,2,4-Trimethylbenzene
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NO
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Constant emission
Constant emission
Constant emission
Model calculated
Constant emission
Constant emission
Constant emission

Constant emission

Constant emission (lumped
as 3-Methylpentane)

Constant emission
Constant emission
Constant emission
Constant emission
Constant emission
Constant emission
Constant emission

Constant emission

Model calculated

Model calculated +
constant emission

Constant emission

Constrained to 2013
observed average diurnal

Fixed at 182.84 ppbv
Constant emission

Constant emission

Model calculated +
constant emission
Constrained to 2012
observed average diurnal

Constant emission
Constant emission
Constant emission
Constant emission
Constant emission
Constant emission
Constant emission
Constant emission
via NO emission
via NO emission
Constant emission
Model calculated
Model calculated
Model calculated
Constant emission

Constant emission

PTR-MS with speciation from 2012 GC-MS
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PTR-MS
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Cavity ringdown spectroscopy
I"CIMS
UBWQOS 2012 campaign mean
GC-FID + scaled UBWOS 2012 data
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Acid-CIMS
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PTR-MS with speciation from 2012 GC-MS
PTR-MS with speciation from 2012 GC-MS
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Cavity ringdown spectroscopy
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PTR-MS with speciation from 2012 GC-MS
Cavity ringdown spectroscopy
I"CIMS
I CIMS
PTR-MS with speciation from 2012 GC-MS
PTR-MS

©2014 Macmillan Publishers Limited. All rights reserved

LETTER

Extended Data Table 1 | Observed species used to inform the box model analysis of the ozone photochemistry during UBWOS 2013
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Extended Data Table 2 | Chemical and radiation measurements
used in this analysis for modelling of UBWOS 2013 ozone events

Species Technique Accuracy
NO, NO,, NOy, O3 CRDS 5%
NO;, N2Os CRDS 20%
CINO, I CIMS 30%
CH,O PTRMC 30%
Speciated PANs I' CIMS 15 %
Inorganic Acids (HCI, Acetate CIMS  30%
HNO,, HNO3)

Speciated VOC GC-FID 20%
Speciated VOC PTRMS 25%
Speciated VOC PTR-Tof-MS  25%
CH4 CRDS 2 ppbv
Downwelling Radiation ~ Spectral 7%

Pyranometer
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Extended Data Table 3 | Radical sources in the MCM simulation on day six

LETTER

Radical Source Daily Production (ppbv) % of Total
0o('D) + H,O 0.74 4.0
CINO; Photolysis 0.18 1.0
HNO; Photolysis 1.58 8.6
O3 + Alkene 0.34 1.8
H,CO Photolysis 6.29 34.1
Other Carbonyl Photolysis 9.32 50.5
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Methane Leaks from North
American Natural Gas Systems
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Methane emissions from U.S. and Canadian
natural gas systems appear larger than official
estimates.

D. Eardley,” R. Harriss"

atural gas (NG) is a potential “bridge

fuel” during transition to a decarbon-

ized energy system: It emits less car-
bon dioxide during combustion than other fos-
sil fuels and can be used in many industries.
However, because of the high global warming
potential of methane (CH,, the major compo-
nent of NG), climate benefits from NG use
depend on system leakage rates. Some recent
estimates of leakage have challenged the ben-
efits of switching from coal to NG, a large
near-term greenhouse gas (GHG) reduction
opportunity (/-3). Also, global atmospheric
CH, concentrations are on the rise, with the
causes still poorly understood (4).

To improve understanding of leakage
rates for policy-makers, investors, and other
decision-makers, we review 20 years of tech-
nical literature on NG emissions in the United
States and Canada [see supplementary mate-
rials (SM) for details]. We find (i) measure-
ments at all scales show that official inven-
tories consistently underestimate actual CH,
emissions, with the NG and oil sectors as
important contributors; (ii) many indepen-
dent experiments suggest that a small number
of “superemitters” could be responsible for a
large fraction of leakage; (iii) recent regional
atmospheric studies with very high emissions
rates are unlikely to be representative of typi-
cal NG system leakage rates; and (iv) assess-
ments using 100-year impact indicators show
system-wide leakage is unlikely to be large
enough to negate climate benefits of coal-to-
NG substitution.
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Underestimation—Device to Continent

This study presents a first effort to system-
atically compare published CH, emissions
estimates at scales ranging from device-
level (>10° g/year) to continental-scale
atmospheric studies (>10" g/year). Studies
known to us that (i) report measurement-
based emissions estimates and (ii) compare
those estimates with inventories or estab-
lished emission factors (EFs) are shown in

Studies that measure emissions directly
from devices or facilities (“bottom-up” stud-
ies) typically compare results to emissions
factors (EFs; e.g., emissions per device).
Large-scale inventories are created by multi-
plying EFs by activity factors (e.g., number
of devices).

Studies that estimate emissions after
atmospheric mixing occurs (“atmospheric”
studies) typically compare measurements to

the first chart. emissions inventories, such as the U.S. Envi-
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Inventories and emissions factors consistently underestimate actual measured CH, emissions across
scales. Ratios >1 indicate measured emissions are larger than expected from EFs or inventory. Main graph
compares results to the EF or inventory estimate chosen by each study author. Inset compares results to
regionally scaled common denominator (17), scaled to region of study and (in some cases) the sector under
examination. Multiple points for each study correspond to different device classes or different cases mea-
sured in a single study. Definitions of error bar bounds vary between studies. (US, United States; Can, Canada;
SC, South Central; Petrol. and Pet., petroleum; SoCAB, South Coast Air Basin; LA, Los Angeles; D], Denver-
Julesberg; UT, Utah; HF, hydraulic fracturing). See SM for figure construction details.
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ronmental Protection Agency (EPA) national
GHG inventory (GHGI). Atmospheric stud-
ies use aircraft (7, 5-8), tower (3, 6), and
ground (3, 7—10) sampling, as well as remote
sensing (7, 11, 12). All such studies observe
atmospheric concentrations and must infer
fluxes by accounting for atmospheric trans-
port. The various inference methods have
strengths and weaknesses (see SM). The
greatest challenge for atmospheric studies
is attributing observed CH, concentrations
to multiple potential sources (both anthropo-
genic and natural).

Results from bottom-up studies (gener-
ally <10° g CH,/year) and atmospheric CH,
studies at regional scale and larger (above
10" g CH,/year) are shown in the first chart.
We also include studies that do not focus on
NG systems, in order to place NG emissions
in context with other CH, sources. Across
years, scales, and methods, atmospheric
studies systematically find larger CH, emis-
sions than predicted by inventories. EFs were
also found to underestimate bottom-up mea-
sured emissions, yet emissions ratios for bot-
tom-up studies are more scattered than those
observed in atmospheric studies (/3—16).

Regional and multistate studies focusing
on NG-producing (/-3, 9) and NG-consum-
ing regions (2, 7, 10—12) find larger excess
CH, emissions than national-scale stud-
ies. This may be due to averaging effects of
continental-scale atmospheric processes,
to regional atmospheric studies focusing
on areas with other air quality problems (7,
3), or simply to methodological variation.
Atmospheric measurements are constrained
in spatial and temporal density: Regional
studies cover 0.5 to 5% of NG production
or consumption with dense measurements,
although often limited to short-duration sam-
pling “campaigns” (3, 7); national studies
cover wide areas with limited sample density
(6) (table S5).

To facilitate comparison, the inset in the
first chart normalizes atmospheric studies
(>10' g CH,/year) to baselines computed
from the most recent (2011) EPA GHGI esti-
mates for the year and region in which study
measurements were made (/7). After nor-
malization, the largest (e.g., national-scale)
atmospheric studies (>10'? g CH,/year) sug-
gest typical measured emissions ~1.5 times
those in the GHGI (5, 6, 8, 9).

Why might emissions inventories be
underpredicting what is observed in the
atmosphere? Current inventory methods rely
on key assumptions that are not generally sat-
isfied. First, devices sampled are not likely
to be representative of current technologies
and practices (/8). Production techniques

Broad industry FI P NG production and processing
sectors P NG distribution and use
s | B Petroleum production

HF sources B All NG hydraulic fracturlng.

fiMg Shale gas hydraulic fracturing
Not included |h Petroleum hydraulic fracturing
in inventory ili I Abandoned oil and gas wells

( Geologic seeps

0 5

Excess CH, [N —
T T T T

10 15 20

Methane emissions (Tg CH,/year)

Potential contributions to total U.S. CH, emissions above EPA estimates. EPA estimate in blue, based
on central estimate and uncertainty range from large-scale studies from the inset in the first chart. Both NG
sources and possible confounding sectors are included. NG production, petroleum production, and NG dis-
tribution emissions are based on regional empirical studies (1, 2, 6), which estimate emissions rates from
high-emitting sources but do not estimate prevalence. Scenarios (a) to (c) correspond to 1, 10, and 25% of
gas production or consumption from such high-emitting sources. Ranges (d) to (g) correspond to estimates
for flowback emissions rates during hydraulic fracturing (HF) of all gas wells and shale gas wells, relative to
EPA estimates. Ranges (h) to (m) reflect sources not included in EPA CH, inventories but which could be mis-
taken for NG emissions by chemical or isotopic composition. See SM for details.

are being applied at scale (e.g., hydraulic
fracturing and horizontal drilling) that were
not widely used during sampling in the early
1990s, which underlies EPA EFs (18).

Second, measurements for generating EFs
are expensive, which limits sample sizes and
representativeness. Many EPA EFs have wide
confidence intervals (19, 20). And there are
reasons to suspect sampling bias in EFs, as
sampling has occurred at self-selected coop-
erating facilities.

Third, if emissions distributions have
“heavy tails” (e.g., more high-emissions
sources than would be expected in a normal
distribution), small sample sizes are likely to
underrepresent high-consequence emissions
sources. Studies suggest that emissions are
dominated by a small fraction of “superemit-
ter” sources at well sites, gas-processing
plants, coproduced liquids storage tanks,
transmission compressor stations, and dis-
tribution systems (see table S6 and fig. S2).
For example, one study measured ~75,000
components and found that 58% of emissions
came from 0.06% of possible sources (21).

Last, activity and device counts used in
inventories are contradictory, incomplete,
and of unknown representativeness (17, 22).
Data should improve with increased report-
ing requirements enacted by EPA (23, 24).

Source Attribution in Atmospheric Studies

Does evidence suggest possible sources of
excess CH, emissions relative to official
estimates within the NG sector? A key chal-
lenge is attribution of atmospheric observa-
tions to sources. Isotopic ratios (7, /1) and
prevalence signatures of non-CH, hydrocar-
bons (3, 6-8) can be used to attribute emis-

sions to fossil sources rather than biogenic
sources. Evidence from regional studies sug-
gests that CH, emissions with fossil signa-
tures are larger than expected (3, 6, 7, 9, 11),
whereas national-scale evidence suggests a
mix of biogenic and fossil sources (6). Atmo-
spheric studies that control for biogenic CH,
sources (/, 2, 7) are dependent on biogenic
source estimation methods that also have
high uncertainties (6). Natural geologic seeps
could confound attribution (see the second
chart and SM).

Studies can attribute emissions to liquid
petroleum and NG sources rather than coal
by sampling in places with little coal-sector
activity (2, 3, 6, 7, 9). Attributing leakage
to the NG system, as defined by EPA indus-
try sector classifications, is more challeng-
ing. Alkane fingerprints may allow attribu-
tion to oil-associated NG (9), although NG
processing changes gas composition, which
may complicate efforts to pinpoint leakage
sources. Geographic colocation of facilities
and sampling, along with geographically
isolating wind directions (2, 3, 7), can allow
attribution of emissions to NG subsectors.
Without spatial isolation, sector attribution
can require assumptions about gas composi-
tion that introduce significant uncertainty (2,
3, 25).

We plotted results of a thought experiment
(see the second chart) in which we estimated
emissions ranges of selected possible sources
within the NG sector, as well as sources that
could be mistaken for NG emissions owing to
chemical and isotopic signatures. Although
such an analysis is speculative given current
knowledge, it illustrates ranges of possible
source magnitudes.
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We include in the second chart a range
of excess CH, from all sources (7 to 21 x
102 g or Tg/year) based on normalized
national-scale atmospheric studies from the
inset in the first chart. This excess is conser-
vatively defined as 1.25 to 1.75 times EPA
GHGI estimates. This estimate is derived
from national-scale atmospheric studies and
includes all sources of CH, emissions: It
should not be expected that NG sources are
responsible for all excess CH,.

The scenarios in the second chart for
NG production and/or processing, distribu-
tion, and petroleum system emissions apply
observed leakage rates from the literature
that are higher than EPA GHGI estimates (7,
2, 7). The frequency of such high-emitting
practices is unknown, so illustrative preva-
lence scenarios are plotted: 1, 10, or 25%
of activity is represented by high-emitters;
the remaining facilities emit at EPA GHGI
rates. This evidence suggests that high leak-
age rates found in recent studies (/, 2, 7) are
unlikely to be representative of the entire
NG industry; if this were the case, associ-
ated emissions would exceed observed total
excess atmospheric CH, from all sources.

In general, the wide ranges in the sec-
ond chart suggest a poor understanding of
sources of excess CH, and point to areas
where improved science would reduce
uncertainty. However, hydraulic fracturing
for NG is unlikely to be a dominant con-
tributor to total emissions (26). Also, some
sources not included in the GHGI may con-
tribute to measured excess CH,, e.g., aban-
doned oil and gas wells and geologic seeps
(see SM).

Policy Challenges and Opportunities
Leakage scenarios in the second chart
have implications for decision-making
and policy. A key tool for environmental
decision-making is life-cycle assessment
(LCA), which compares impacts associated
with varying methods of supplying a use-
ful product (e.g., kWh of electricity). A key
challenge in LCA studies is attribution of
emissions from systems that produce two
products, such as “gas” wells that also pro-
duce hydrocarbon liquids, or “oil” wells that
also produce NG. This challenge is compli-
cated by incongruence between LCA meth-
odology and EPA sector definitions (see SM).
Recent LCAs have estimated GHG emis-
sions from NG use in power generation and
transport (see SM). LCA studies generally
agree that replacing coal with NG has cli-
mate benefits (27). However, LCAs have
relied heavily on EPA GHGI results. Updat-
ing these assessments with uncertainty

www.sciencemag.org SCIENCE

ranges from the second chart (see SM) still
supports robust climate benefits from NG
substitution for coal in the power sector
over the typical 100-year assessment period.
However, climate benefits from vehicle fuel
substitution are uncertain (gasoline, light-
duty) or improbable (diesel, heavy-duty)
(28). These conclusions may undercount
benefits of NG, as both EPA GHGI methods
and many regionally focused top-down stud-
ies attribute CH, emissions from coproduc-
ing NG systems to the NG sector, rather than
to a mixture of oil and NG sources.

How can management and policy help
address the leakage problem? Opportunities
abound: Many solutions are economically
profitable at moderate NG prices, with some
technologies already being adopted or to be
required in regulation (23, 26) (e.g., reduced
emissions completions). Facility studies
using existing technology have found leak-
age detection and repair programs to be
profitable (21).

The heavy-tailed distribution of observed
emissions rates presents an opportunity for
large mitigation benefits if scientists and
engineers can develop reliable (possibly
remote) methods to rapidly identify and fix
the small fraction of high-emitting sources.

However, this heterogeneity also creates
challenges in formulating statistical distri-
butions for use in inventories. Approaches
that assume “typical” emissions rates for
this industry are inherently challenged.
Inventories can be improved through efforts
to better characterize distributions and by
incorporating flexibility to adapt to new
knowledge.

Improved science would aid in generat-
ing cost-effective policy responses. Given
the cost of direct measurements, emis-
sions inventories will remain useful for
tracking trends, highlighting sources with
large potential for reductions, and making
policy decisions. However, improved
inventory validation is crucial to ensure
that supplied information is timely and
accurate. Device-level measurements can
be performed at facilities of a variety of
designs, vintages, and management practices
to find low-cost mitigation options. These
studies must be paired with additional atmo-
spheric science to close the gap between top-
down and bottom-up studies. One such large
study is under way (29), but more work is
required.

If natural gas is to be a “bridge” to a more
sustainable energy future, it is a bridge that
must be traversed carefully: Diligence will
be required to ensure that leakage rates are
low enough to achieve sustainability goals.
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Attachments: Fracking in BoCo.docx
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Message to Boulder County Commissioners on Extending theFracking Moratorium



I am a geologist, retired from the CU Department of Geology and Geological Sciences after 30 years.  I began my career as an oil geologist in 1956.  I have read the many comments about fracking in the last two years, both pro and con.  I note particularly that there has been a dearth of factual data concerning the geologic considerations related to shallow shale oil-and-gas fracking.

Fracking today is a far cry from its beginning use.   Initially—60 years ago—wells were drilled vertically down through impermeable strata to reach a ‘pay zone’ of 10, 20, or 50 feet in thickness.  Most generally, these were composed of sandstone or limestone.  The fracked interval was restricted to this thin pay zone.  Now, with the development of horizontal drilling in near-surface shale layers, fracking intervals extend over thousands of feet, even up to a mile. Near-surface sedimentary rocks have many fractures and cracks, even some fault zones.  Over these extended lengths of fracking, the fluids used in fracking, as well as the oil and gas liberated by the process, have an increased opportunity to find their way toward, or to, the surface, leading to possible contamination of aquifer and surface  waters .   Because of the extended length of the modern fracked interval, incredibly large volumes of water (with about 5% sand and untold chemical fluids) are used in the process.  In some wells a million gallons of water, or more, is needed.  This requires haulage by numerous large trucks over public and private roads.  After the procedure, as much as 50% of the fracking fluid is returned to the surface.  This salty, contaminated water has to be disposed of in some way: it can’t just be used to water crops or returned to nearby streams or rivers.   In some cases, the recovered fluids are held in a pond, attracting passing water fowl, commonly with lethal consequences.  

Oil and gas wells in shallow shale reservoirs are prone to rapid reduction of production rates.   Shale has a very low permeability so that once the local gas and oil freed by the fracking are released  they are not quickly replaced by oil and gas flowing into the fracked zone from farther away.  That results in a rapid decline in production rates.  In two to three years, typically, the rate of production will fall to a small fraction of the initial value.  The only way that field production can be maintained is by continually drilling additional wells, if possible.  Shale oil-and-gas fracking, therefore, usually leads to a proliferation of well-drilling.   Because of the inherent steep decline in production rates, shale-derived oil and gas cannot be considered a long-term solution to our country’s oil-supply problem.  

It should be stressed that oil and gas are finite reserves.  They have taken many millions of years to accumulate.  Once tapped and gone, they are gone for the foreseeable future of humans.  There is now a frenzy of oil companies to produce this commodity as quickly as possible.  They all want to get in on the payout, particularly the smaller companies.  Unfortunately, there has been such an upsurge of production that the price of oil has steadily dropped over the last several months to about $80/barrel.   This value is about the break-even point for well-drilling costs.  That means that many of the smaller companies no longer will be able to drill.  Already, there has been a cut-back in the rental of drilling rigs.  And, to compound this picture Saudi Arabia just a few days ago lowered the price of its oil to the U.S., causing a sag in the price of oil below $80.  And, oil experts expect that situation to continue for the next 12 months or so.

So, in my view, we are now at a convenient point to slow fracking in Boulder County and consider all sides of the fracking issue.  I whole-heartedly support, therefore, extending the moratorium in Boulder County.  And, the oil and gas remaining in the ground isn’t going anywhere: it will be available in the future. 

Sincerely, 

Edwin E. Larson                           4652 Hampshire St. Boulder, 80301

[ PS.    A noteworthy news items appeared just a couple of days ago: Denton County, Texas, where modern shale fracking began, just voted overwhelmingly to totally ban fracking. ] 












From: JENNIFER cornell

To: Boulder County Oil and Gas Comment
Subject: moratorium in boulder...
Date: Sunday, November 09, 2014 12:23:44 PM

Please be responsible and put a moratorium on fracking in Boulder until we know
more about it or can do it safely.

A concerned Boulder citizen,
Jennifer Cornell

4917 Thunderbird Dr. Apt.. F
Boulder, CO 80303


mailto:frenchyjen@gmail.com
mailto:oilgascomment@bouldercounty.org

From: Gail Hartman

To: Boulder County Oil and Gas Comment
Subject: Please extend the moratorium on oil and gas operations
Date: Sunday, November 09, 2014 11:03:03 AM

To Boulder County Commissioners,

I urge you to extend the moratorium on fracking operations in Boulder County. As
you know, state and national scientific and engineering studies on the impact(s) of
fracking are not yet complete. Boulder County must therefore extend its moratorium
UNTIL the time when we have the scientific data (not the spin from oil and gas
companies) to prove that county soil, air, and water are not being harmed in any
way.

Further, | think it’s critical to acknowledge that although all studies related to the
impacts of fracking on agriculture—a treasured Boulder County industry—are not yet
complete, preliminary findings nationwide have already raised enormous red flags on
such issues as contamination of soil, toxic chemical accumulation being passed
through the food chain, interference with animals’ reproductive/endocrine systems,
soil erosion and compaction problems, and water usage/waste ... just to name a
few.

Please extend the moratorium so that we can wait until we have real scientific and
engineering data (from authoritative sources) to support the claims continually made
by oil and gas that fracking is harmless to our county and to all the living organisms
living here, including you and me. Let’s let science reveal the truth.

Thank you,

Gail Hartman
Louisville, CO

NOTE: Recent, relevant articles you may wish to read if you haven’t
already:

Yale study: Health problems found in people living near fracking wells. Posted:

9/10/14: http://www.nhregister.com/general-news/20140910/yale-study-health-
problems-found-in-people-living-near-fracking-wells

13th Report on Carcinogens adds four new chemicals to the cancer list - Fracking
just got worse for your health. Posted
10/6/14:

http://switchboard.nrdc.org/blogs/jsass/fracking_just_got worse_for_yo.html

Duke researchers explore potential dangers of fracking. Posted

10/6/14: http://www.dukechronicle.com/articles/2014/10/06/duke-researchers-
explore-potential-dangers-fracking
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From: anne guthrie

To: Boulder County Board of Commissioners
Subject: Fracking Moratorium
Date: Sunday, November 09, 2014 9:25:52 AM

Dear Commissioners Cindy Domenico, Deb Gardner, and Elise Jones,

Please defend our rights to protect our health and property by extending the fracking moratorium for at
least 3 years, or until the oil and gas companies can demonstrate that an improved method will not
impact our health nor devalue our property. Right now we are breathing air that has been grossly
degraded by all the new wells over the last ten years and it is risible to claim that only the young and
elderly are affected adversely, and only on particular days.

Thank you,
Anne Guthrie


mailto:guthrieanne33@gmail.com
mailto:commissioners@bouldercounty.org

From: Mike Taylor

To: Boulder County Oil and Gas Comment
Subject: Moratorium
Date: Sunday, November 09, 2014 9:03:07 AM

Boulder County Commissioners

As more studies are completed, peer reviewed, and presented we have learned
during the past 18 months that the fracking process (which includes all phases of
extraction from mapping to well closure) is much more dangerous than we thought.
During this time we have learned that the air pollution in Boulder County is out of
compliance with federal standards; much of that pollution coming from fracking
operations and the dangerous VOCs they emit. We also have witnessed the oil and
gas industry becoming more bold, drilling as close to Boulder County as they can.
The COGCC has added no new inspectors while approving hundreds of new wells.
The legislature did nothing to help local communities or counties.

Therefore, it is up to us, and you as our representatives to protect us and our
environment. The original moratorium was put in place in order to obtain additional
information concerning the possible dangers of fracking. It would make no sense to
abandon that logic at this time while we are waiting until 2018 for the health study
to be completed.

The moratorium must be extended.

Thank you

Michael Taylor


mailto:m.taylor450@yahoo.com
mailto:oilgascomment@bouldercounty.org

From: Sierra Club Membership Services on behalf of David Zimmerman

To: Boulder County Oil and Gas Comment

Subject: Boulder County Oil and Gas Exploration Moratorium Must Be Extended (Resolution 2013-55)
Date: Sunday, November 09, 2014 7:51:57 AM

Nov 9, 2014

Boulder County Commissioners

Thank you for the unanimous decision made in June 2013 to enact a
moratorium on oil and gas exploration in Boulder County. Your vote was
greatly appreciated and crucial to the protection our community.

Now, the moratorium must be extended until we are assured that our
communities and the environment are protected. We request that this
moratorium be extended at least until June 2018 when: (1) health
studies will provide data as to the safety of extraction activities

next to homes, schools and businesses; (2) county or statewide
regulations are in place to adequately protect our land, air, water and
our communities; and (3) a monitoring system that is not based on
self-reporting by oil and gas industry is ready to launch.

Our beautiful open spaces must be exempt from any exploration or
drilling. Please extend the moratorium initiated by Resolution 2013-55
and 2014-56. We must provide a safe place to live and play free from
the harm of toxic fracking for all the citizens of Boulder County.

Sincerely,
Mr. David Zimmerman

PO Box 17027
Boulder, CO 80308-0027
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From: Eileen Monyok

To: Boulder County Oil and Gas Comment
Subject: Please Extend the Fracking Moratorium
Date: Saturday, November 08, 2014 11:12:11 PM

Dear County Commissioners:

Thank you in advance for listening to your constituents' voices on the need to
extend the fracking moratorium in Boulder County. | am writing this letter to
express my concerns on the environmental and public infrastructure impacts of
fracking. With so many impacts and so little benefit to the residents of Boulder
County, more time is needed to allow industry to devise safer and more
environmentally friendly methods to extract oil and gas. Boulder County needs at
least 3 more years without fracking, until there are better safeguards in place.

A few of my concerns with fracking include:

1) Neighbors are subjected to excessive noise and bright lights 24/7

2) Fracking sites use loud diesel generators that spew toxic diesel fumes 24/7

3) Fracking is a water intensive process which over-uses one of our scarce Colorado
resources

4) Carcinogenic, oops | mean proprietary, chemicals are being injected into our
groundwater

5) The heavy truck traffic around fracking sites is destroying our roads, while they
carry numerous loads of water and other heavy equipment to and from the fracking
sites

6) There is an increased risk of toxic chemical spills, and even an increased risk of
earthquakes

7) Fracking is yet another industry where there is high regard for profits with little
regard for the community

Let's not allow the money of corporations to overpower the needs of our community.
Please stand up for your constituents, and extend the fracking moratorium in
Boulder County for at least 3 more years.

Thank you!
Eileen Monyok

6889 Frying Pan Rd.
Boulder, CO 80301
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From: Laura Fronckiewicz

To: Boulder County Board of Commissioners
Subject: Extend the Boulder County Moratorium
Date: Saturday, November 08, 2014 6:52:18 PM

Commissioners,

With deep respect | ask that you extend the Boulder County moratorium on fracking
on unincorporated Boulder County. | am moving to that area in the coming weeks
as | am fleeing fracking in my current home in Broomfield. | started the group Our
Broomfield which successfully ran the ballot initiative in Boulder City/County to get
the 5 year moratorium there. In a community as conservative as Broomfield, the
vote proved at minimum a delay is what people want. In Boulder County, such an
initiative would overwhelmingly pass.

There are incredibly serious consequences to your actions. My children's health is at
stake. | have 2 little boys who deserve to grow up with clean air, free of the
pollution from tracking. There is ample evidence that this is a dangerous process. |
am sure you have seen this Denver Post article, but 1 am posting it here for your
review.

http://www.denverpost.com/news/ci_26800380/dead-babies-near-oil-drilling-sites-
raise-questions

Please, please heed our warning that this is the most prudent action you can take.
You have the people behind you.

Laura Fronckiewicz

Soon to be, Niwot, CO
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From: Nathan Tom

To: Boulder County Oil and Gas Comment
Subject: Oil/Gas Comments
Date: Saturday, November 08, 2014 6:15:38 PM

Boulder County Commissioners' Office,

The moratorium on fracking in Boulder County should be extended. As an
employee of the National Renewable Energy Laboratories | am fortunate to interact
with the Department of Energy on various topics concerning such technologies.
Ultimately, without government support of moratoriums on fracking or expanding
oil/gas exploration progress to a clean energy environment will only take longer.
The free market is biased to the oil/gas industry due to its development over the last
100 years; however, nearly the entire scientific community has acknowledged that
we do not have that time period to allow renewable energy sources to develop
before climate change affects the entire world. This really is not a point that should
be discussed as the current oil/gas supply should be kept without expansion. The
community as a whole needs incentive to be weened of our dependence on fossil
fuels. Thank you for your consideration.

Nathan Tom, Ph.D.

Mechanical Engineering - Ocean Engineering
nathan.m.tom@gmail.com

408-712-4773
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From: Kari Armstrong

To: Boulder County Oil and Gas Comment
Subject: Please preserve Boulder Reserve and Walden Ponds
Date: Saturday, November 08, 2014 2:13:39 PM

I am a Boulder resident, and | want to voice my support for continuing the current temporary
moratorium on Boulder County's processing of fracking applications in the unincorporated County.
Please help preserve Boulder reserve and Walden Ponds by keeping our public water and resources
clean!

Thank you,
Kari Armstrong

1030 6th Street
Boulder, CO 80302


mailto:kariarmstrong@gmail.com
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From: Stephen Miller

To: Boulder County Oil and Gas Comment
Subject: Fracking
Date: Saturday, November 08, 2014 2:07:38 PM

I have many concerns about tracking
1. We have many regulations however the majority of wells are not inspected. Why
not wait until all the wells have proven safe before drilling new wells

2. water. As the world runs out of water, how can we waste millions of gallons of
water drilling for gas

3. We are not undersupplied. We have a glut of natural gas. We are drilling for
more gas to export. Why should landowners suffer so someone can make money
exporting our gas

4. Jobs. There are good paying jobs but they are temporary

5. Approximately 8% of new wells leak on the first day

Stephen Miller, M.D.

Longmont, CO 80503


mailto:millertime444@gmail.com
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From: Dante

To: Boulder County Oil and Gas Comment
Subject: Fracking Moratorium
Date: Saturday, November 08, 2014 8:37:46 AM

I am writing to ask you to continue the moratorium on oil and gas fracking within
Boulder County at a minimum through 2015 and preferably until a science based
study on the environmental impacts of fracking is completed. Having seen the
results of fracking in Weld County, | can only say, we must do better in Boulder
County. Questions remain about the secret chemicals used in the fracking process,
the large amount of water required for these wells, the danger of

contaminating water tables, the release of methane gases, the radioactive
wastewater produced by this process that is then stowed in injection wells that
extend thousands of feet deep. There are too many unanswered questions that
should be answered before the moratorium is lifted. Please consider the health and
well being of your constituents and extend the moratorium.

Sincerely,

Dante & Karen Trembler
Niwot
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From: Sierra Club Membership Services on behalf of Randee Webb

To: Boulder County Oil and Gas Comment

Subject: Boulder County Oil and Gas Exploration Moratorium Must Be Extended (Resolution 2013-55)
Date: Saturday, November 08, 2014 12:18:20 AM

Nov 8, 2014

Boulder County Commissioners

Thank you for the unanimous decision made in June 2013 to enact a
moratorium on oil and gas exploration in Boulder County. Your vote was
greatly appreciated and crucial to the protection our community.

Now, it seems that every week there is a new scientific study out or
data mining report that supports the idea that modern, unconventional
oil & gas development is very harmful in many ways. So the

moratorium must be extended until we are assured that our communities
and the environment are protected.

We request that this moratorium be extended at least until June 2018
when: (1) health studies will provide data as to the safety of

extraction activities next to homes, schools and businesses; (2) county
or statewide regulations are in place to adequately protect our land,

air, water and our communities; and (3) a monitoring system that is not
based on self-reporting by oil and gas industry is ready to launch.

Our beautiful open spaces must be exempt from any exploration or
drilling. Please extend the moratorium initiated by Resolution 2013-55
and 2014-56. We must provide a safe place to live and play free from
the harm of toxic fracking for all the citizens of Boulder County.

Sincerely,
Mrs. Randee Webb

12854 E Villanova Dr
Aurora, CO 80014-1916
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From: Denberg Judy

To: Boulder County Oil and Gas Comment
Subject: Extend the fracking moratorium
Date: Friday, November 07, 2014 11:17:25 PM

Oil and gas development contaminates our air and water.

California aquifers have been contaminated with high levels of fracking waste water. We don't want that
for Boulder County.

Their Water Board has found toxic levels of Arsenic, Thallium and Nitrates; an it will take longer for the
Benzene, Toluene, N- Hexane to follow for it's speed is slower than these chemicals and the hundred
more or so chemicals in the wastewater to follow.

Denton Texas has found toxic levels of Benzene in the air and water in their Community.

There is no safe way to frack. Especially in and near communities. Drought conditions are exacerbated
by this process. Now with the oil glut, water has become more precious than oil. It takes ten barrels of
water to produce one barrel of oil.

We don't want condensers near homes as they have appeared near the homes in Erie, Colorado. We all
are then subjected to the carcinogens that these condensers emit.

Fracking is an unsafe process that causes increased levels of methane to be released into the
atmosphere. Climate change in the shape of drought, fire, flooding and immunosupression have become
the new norm.

You are trespassing on our right to clean air and water.
We need water in order to live. If our aquifers are contaminated disease and degradation of our way of
life will follow.

We need to focus on sustainable, renewable forms of energy.

Change your mindset and help us reinvigorate our ecosystems before it is too late.
YHou have a stake in this , this is your world too.

Sincerely.
Judy Denberg
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From: Beth Rauh

To: Boulder County Oil and Gas Comment
Subject: Fracking
Date: Friday, November 07, 2014 10:35:04 PM

Please extend the moratorium on fracking. There are so many unanswered guestions related to fracking
- chemicals used, earth stability/ increase in risk of earthquakes, etc. plus the common argument that
fracking helps the US in energy independence is false since the majority of the natural gas is exported.

Thank you

Beth Rauh

7128 Nimbus Rd

Boulder County, CO. 80503
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From: Kathryn Clegg

To: Boulder County Oil and Gas Comment
Subject: Extend the moratorium!
Date: Friday, November 07, 2014 10:29:13 PM

As a home owner in Longmont, and someone who believes the science of climate
change, | want to encourage the extension of the fracking moratorium. We cannot
close our eyes to the real necessity to transition off of carbon fuels. Our biggest
concern should be to PRESERVE and PROTECT our water and soil. These are vital
to life itself. Oil and gas are not. We CAN do this. We MUST do this. Oil and gas
company profits DO NOT trump my rights to healthy water and healthy soil for food
crops. Given the proof that fracking also causes earthquakes, we really should be
calculating the additional cost of unstable earth and damage to our homes
foundations. | am not willing to suffer all of these threats so that oil and gas can
continue to rake in billions of dollars in profit. We can create hundreds of
thousands of jobs transitioning to clean renewable energy AND protect our homes,
our planet, our lives.
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From: Glenda

To: Boulder County Board of Commissioners
Subject: Fracking
Date: Friday, November 07, 2014 8:51:01 PM

Dear Commissioners,

Please extend the fracking moratorium until 2018

when health studies will be available and re-evaluate at that time. |
am also against fracking for the large amount of water that is used in
an area that is semi-desert and is more and more valuable. This
water seems to be removed from ever being available or safe for
human use.

Thank you for hearing the voice of the people.

Glenda Holmes
2756 Bison Drive
Boulder, CO 80302
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From: sistahcool@gmail.com on behalf of Taz

To: Boulder County Oil and Gas Comment
Subject: Boulder County Public Hearing - Fracking
Date: Friday, November 07, 2014 8:25:46 PM

November 7, 2014

Resident, Citizen, Tax Payer and proud voter: Tasnim Chaudry

7547 Nikau Dr, Niwot, CO 80503

To the Boulder County Commission,

Thank you for your commitment over the last few years to protecting
Boulder County residents from the known risks of oil and gas
development.

As your constituent, it is important to me and to my family that the
Boulder County Commission continue to stand up for the health and
well-being of our communities. | am writing to ask you to extend the
fracking moratorium at the very Least through the end of 2015. This is
very important — more important to me than the issue of repaving the
roads.

Until a non-biased, science-based study is completed and published
regarding the public health and environmental impacts of fracking, oil
and gas development in our county should NOT occur. Please continue
to PROTECT our water, air and public health by extending the
moratorium. Don't allow our county to become another experimental
proving ground ... if it is proven to be a safe technology then it makes
sense to embrace it. If it is NOT safe, and proves to be a hazard —
then it will be too late for us, our children and our children to

come. Water is our MOST precious life resource. Truly — caution and
due diligence is not only required, but a DUTY and OBLIGATION.

I've lived in Boulder County for over 22 years. | love it here. |

love that there is a respect and appreciation for the beauty and

natural resources around us. Let us INVEST in our future, our health,
and preserving our beautiful community by MAKING SURE THIS IS A SAFE
TECHNOLOGY by investing in studies from a non-biased, science-based
study conducted by a THIRD PARTY organization that has NO VESTED
MONETARY INTEREST in the results. We owe this to the children.
Please know that the capitalization of words is for emphasis — | am

not shouting at you. | appreciate the thought and care you give to

the responsibility entrusted to you. Thank you for your service.

Thank you for your due consideration of the desires of the people. |
want safe water to drink. | want land that won't cave in. If
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fracking IS safe — then the studies will show this. But let us not
jeopardize the safety of ground water and THEN find out it is not
safe. At that point, what would be the cure? What would be the
remedy? Lawsuits, damages awarded to people would not regain the
health, or restore loss of life, or the purity of ground water. Again

— let us perform due diligence as is required by the potential RISK.

If there is no risk, no safety hazard — then the studies will provide
facts and data and a level of certainty that will speak for itself.

Thank you for giving this issue the gravity it deserves. Thank you

for being a thought leader and putting the safety of the people over
the potential profits of a corporation. Let the facts and data,
provided by an independent source, speak to the safety, or risk of the
technology.

Sincerely,

Tasnim Chaudry (Taz)

Citizen and Resident of Boulder County9



From: Cyndi Nusbaum

To: Boulder County Board of Commissioners
Subject: Moratorium on Fracking
Date: Friday, November 07, 2014 8:21:51 PM

Thank you for the extensive research on Fracking, in Boulder County. | strongly support an extension to
the moratorium come Dec. 31, 2014.

As much as you may fear a law suit from oil & gas, many more health impact studies, environmental
impact studies on the air, water & soil are in process. The neutral studies of both, thus far have shown,
significant harm and should not be taken lightly.

A new panel has been put into place at the State Level & the results of the regulations have not yet
been determined. Regulations, as you know, has not been oil & gas best effort. Too few inspectors.

I was thrilled you found the Tour De Frack of Weld County as alarming, as many of us just driving
along 1-25, thru Weld County. It's overwhelming numbers of Frack sites, causes so much concern for
many of us, whom live so near, to Weld County. The atmosphere has no boundaries. More & more
Frack sites are showing up weekly. Once the Oil & Gas industry gets it's pinky toe in, there's no
stopping the land grab. You may think you can regulate it, write as few permits as possible but, you'd
be fooling yourselves.

It's better to risk being sued, than Fracked. More cities, municipalities & counties understand this.
The laws will change- the truth on the harm it is doing is slowly coming to light. Moratoriums are a
pause not a ban. Keep it up.

I moved from Boulder to Longmont last February and although there is a 'Stay' on our moratorium,
until an Appeal Trial in 2015, | am proud this city took a very strong stand, against Fracking. Laws need
to be challenged and any industry that is exempt of The Clean Water Act, The Clean Drinking Water Act
& The Clean Air Act is rogue & above the laws of The E.P.A.. That needs to be challenged. The State
Law that throws local democracy out with the garbage, has to be challenged. There is much to do to
but, extending the moratorium is a must. Find a way, Whatever it takes. Stay Strong. Thank you for
your time & consideration.

Sincerely-

Cyndi Nusbaum
1103 Frontier Dr.
Longmont, CO
80501

Sent from Yahoo Mail on Android
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From: Alice Marshall

To: Boulder County Oil and Gas Comment
Subject: Fracking
Date: Friday, November 07, 2014 7:47:45 PM

As a resident of Boulder County and Longmont, | am highly against fracking in our
communities. | feel the evidence is weak concerning possible threats to wildlife and
humans. | believe the long term effects have not been sufficiently studied. Please
keep the moratorium to prevent fracking in our community in place.

Alice Marshall
Longmont resident
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From: Jonathan Moore

To: Boulder County Oil and Gas Comment
Subject: Continue the ban on fracking in Boulder County
Date: Friday, November 07, 2014 7:15:54 PM

Members of the Commission and staff,

Please think long and hard about the life you wish to leave for your children and
grandchildren. Climate change is real, especially in the Intermountain West, and | believe we
have a moral and ethical responsibility to leave Boulder County, the State of Colorado, the
United States of America and ultimately, the planet in a better pace then when we became
active citizens. Fracking is a short-sighted, corporate- driven, environmentally untested
practice that has massive long-term environmental implications. In addition to the potential
groundwater contamination caused by Fracking, the construction and drilling process alone
emits enormous levels of methane gas that will persist in the atmosphere for thousands of
years, causing irreversible changes to the carbon cycle. Please get the facts from unbiased
scientific sources and | am confident you will make the right decision. Fracking is not the
solution to energy independence because the true environmental costs (externalities) are
never considered. Simply put a price on carbon and is becomes clear that fracking is no
longer economically competitive nor the panacea.

As resident, parent and someday grandparent who lives in Boulder County, | ask you to
continue the moratorium on Fracking in Boulder County. We all have to make hard decision
to ensure we leave the world a better place. | think you will find that the residents of
Boulder County are working hard to do their part.

Please stand with us in banning fracking in Boulder County.
Sincerely,
Jonathan Moore & Katharine Hobart

5740 Prospect Rd
(303) 324-2346
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From: Paul Temple

To: Boulder County Oil and Gas Comment
Subject: NO FRACKING IN BOULDER!!
Date: Friday, November 07, 2014 6:20:27 PM

It is unbelievable that Boulder County is even considering letting the moratorium
lapse. We need to fight this damaging and dangerous practice -- and not be fooled
by the pastoral propaganda of the billion dollar oil and gas industry.

There are counties in Texas -- the heart of oil country -- that are fighting fracking.
Boulder County should be leading the fight in Colorado. While the current legal
structure may be against us, the only way things is going to change is by fighting it -
- not giving in.

WE NEED TO MAKE THE MORAROIUM PERMANENT!

Paul

Paul Temple

6541 N 63rd St, Niwot, CO 80503
303-516-1004
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From: Jon Mallonee

To: Boulder County Oil and Gas Comment
Subject: Please end the moratorium
Date: Friday, November 07, 2014 6:17:55 PM

Commissioners,

I completely disagree with Mr. Guthrie's message below, and if I am not included within his so-called
"great majority", then so be it. I, for one, support both local oil and gas drilling as well as hydraulic
fracturing. While that may be considered an unpopular opinion, it is the one that | happen to hold. | urge
you to end the moratorium in Boulder County.

Thank you,

Jon Mallonee
Unincorporated Boulder County

Sent from my iPhone

On Nov 7, 2014, at 1:45 PM, "STEWART GUTHRIE guthrie@fordham.edu [heatherwood_CO]"
<heatherwood_CO@yahoogroups.com> wrote:

Dear Commissioners Domenico, Gardner and Jones,

Thank you for voting unanimously in June 2013 to extend our fracking moratorium. Like the
great majority of residents, | trust that you will again extend it, and do so until fracking can be
made safe.

Reasons to extend are many and profound. Indeed, these reasons show that we really need
not a moratorium but a ban. (Many communities, of course—including our own Longmont and
Lafayette and, most recently, the Texas town of Denton—have chosen a ban.) Unfortunately, a
ban is not on today’s agenda, so please consider my remarks as arguments for a mere
extension.

Since you are already familiar with many of the reasons, I'll list only a few as a reminder to us
all: harm to residents’ health from multiple toxins (as detailed in your Resolution 2013-55) as
well as from noise, light and dust; major studies of harm from toxins, yet to be completed;
economic loss to homeowners from devalued homes; economic loss of tourism; damage to, and
obstruction of, roads by heavy-truck traffic; and—less tangibly, yet visibly—loss of that clarity
of the air that permits us to see the mountains.

Moreover, the economic landscape that has favored fracking is changing. Fracking is called
“unconventional” for reasons including its high cost and high break-even price point, about $80
per barrel. World prices presently have dropped below that point and may stay low
indefinitely, so fracking is not only highly debt-driven but also financially fragile. Meanwhile,
solar and wind energy are steadily cheaper, and energy storage more plentiful. Since the
profit from fracking already is marginal, we have the pleasant prospect that, with a little delay,
fracking may die peacefully of its own accord. Let us therefore defer its damage, which is
permanent, until then.

If it does not die, then the same modest delay—say, at least until 2018, when some major
studies of fracking poisons will be finished—may allow this industry to clean itself up.
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No one suggests, of course, that corporations do not have property rights. These do not,
however, include a right to injure others. Similarly, my wife and | have a right to our money in
a bank in Gunbarrel. This, however, does not allow us to withdraw the money at any time we
please, for example at midnight, with a shaped explosive charge to blow out the wall of the
bank. Do the rights of corporate “persons” exceed those of real persons in this regard? If not,
then they must exercise their right accordingly. Do not allow these persons to come to us at
midnight.

Sincerely,

Stewart Guthrie

7898 Devonshire Way
Boulder, CO 80301

Posted by: STEWART GUTHRIE <guthrie@fordham.edu>
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From: Robin Collins

To: Boulder County Oil and Gas Comment
Subject: On Fracking
Date: Friday, November 07, 2014 6:10:47 PM

I am appalled that there is one iota of a chance that our ecosystem could be ruined!
Fracking ruins ecosystems. It pollutes the water table. Forever. Did you hear me?
Not just for a little while and then dissipates.. The water Is ruined.

Fracking ruins the air, for miles downwind. These are very toxic chemicals, known
carcinogens. We are already downwind of the Weld county wells.

Fracking sites are prone to earthquakes where there were none before!

Fracking is a source of constant noise as well.

This is not ok with me. My wealth, my children's health and the health of the entire
county depend on this decision.

Please, it is of utmost importance to extend the moratorium to ban Fracking!
Sincerely,

Rev. Robin Collins, MA

With deep care,

Rev. Robin Collins
LivingSpirit Transformations
Classes, Playshops, Celebrations

720 352-1773

You are receiving this because you expressed an interest at one time.
If you are no longer interested, please simply email back.

Our Mailing address:
PO Box 1888
Boulder, CO 80306
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From: alexiaparks@gmail.com on behalf of Alexia Parks

To: Boulder County Oil and Gas Comment

Cc: Micah Parkin; alexia@alexiaparks.com

Subject: RE: Request to Extend the Fracking Moratorium in Boulder County, CO
Date: Friday, November 07, 2014 5:29:17 PM

I would like to have the following article that | wrote for the Huffington Post
(6/17/13) entered into the public record. It contains LEGAL rulings that adds
additional, credible support to the request for an extension of the tracking
moratorium in Boulder County. - Alexia Parks: Address: 973 5th Street, Boulder, CO
80302 - (303) 443-3697 <alexia@alexiaparks.com>. The article was titled: Heroic
Women and describe a tracking-related legal decision in Pennsylvania by Judge
Debbie O'Dell-Seneca.

Joan of Arc, the French martyr, military heroine and symbol of French nationalism
was canonized as Saint Joan. In similar fashion, will Judge Debbie O'Dell-Seneca, of
the Washington County Court of Common Pleas in Pennsylvania, be known as "Saint
Debbie," for her historic ruling that corporations are not "persons.” They cannot
elevate their "private rights" above the rights of persons.

In uncommonly elegant language, Judge O'Dell-Seneca cites the 1776 Pennsylvania
Constitution as she_declares:

it is axiomatic that corporations, companies, and partnerships have no
'spiritual nature,' 'feelings,"intellect,’ 'beliefs,’ 'thoughts,"emotions,’ or
'sensations,’ because they do not exist in the manner that humankind
exists... They cannot be 'let alone' by government, because businesses
are but grapes, ripe upon the vine of the law, that the people of this
Commonwealth raise, tend, and prune at their pleasure and need.

The judgement came after several Western Pennsylvania newspapers had gone to
court to reveal the monies one family had received from Range Resources Corp. and
other corporations included in a complaint to settle claims of water contamination
caused by fracking. The amount: $750,000.

This ruling by O'Dell-Seneca, which caused a corporate settlement to a single family
to become unsealed, will lend strength to 150 cases now being brought in eight
other states around the U.S. Calling it "A New Civil Rights Movement," the
Community Environmental Legal Defense Fund (celdf.org/) of Mercerberg, PA
documents the victory.

Alexia Parks
Cell: 303-443-3697

http://alexiaparks.com/events
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From: Patti Peterson

To: Boulder County Oil and Gas Comment
Subject: Fracking in Bohn"s Farm neighborhood
Date: Friday, November 07, 2014 5:27:55 PM

This is a lovely family neighborhood that surrounds a tract of unincorporated county
land. Fracking on that land would be disastrous, disruptive to all homes on the land,
and very dangerous for the neighborhood. 1 can't believe the owner would even
CONSIDER this! Please do no allow our neighborhood to be ruined. Housing prices
will plummet, families will move out, and the noise alone will be a nightmare for all
of us.

Patti H. Peterson
222 Francis St.
Longmont, Co 80501
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From: Marie Marteney

To: Boulder County Oil and Gas Comment
Subject: Fracking is Bad for Boulder County
Date: Friday, November 07, 2014 5:04:14 PM

Dear County Commissioners,

Please keep the moratorium on fracking in Boulder County. It's more than obvious
this is not a safe practice, it is not prosecuted in a safe manner, the chemicals used
are not safe and water contamination is the norm.

It is not possible for any industry to practice safety when workers are working over
100 hours a week. Seems to me, the industry is trying to limit the future wrongful
death suits by limiting the quantity of exposed workers. Workers are scheduled for
100 hours per week. How do such exhausted, over worked people maintain safety?
Spills are common. | won't bore you with what | have heard about the dump areas.
Total nightmare.

As we see the health issues and damage to the land and aquifers that other
counties are suffering, Boulder County will be glad to have not allowed such an
irresponsible and short sighted practice.

Thank you,

Marie Marteney
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From: Catherine Collentine

To: Jones, Elise; Gardner, Deb; Domenico. Cindy; Boulder County Oil and Gas Comment
Subject: RE: Boulder County Fracking Moratorium Extension

Date: Friday, November 07, 2014 4:54:13 PM

Attachments: Letter.Boulder County Commission.Moratorium Extension.pdf

EH MEMO ON MORATORIUM 5-1-13_Final (2).pdf
FINAL MEMO on Land Use Act TO BOCO ON COMM EH FINAL 3 6-17-13.pdf

Commissioners-

Attached please find a letter from Our Longmont, Sierra Club, Food & Water Watch
and 350 Boulder County detailing our request for an extension to the current
moratorium. Members from our organizations look forward to further commenting
on the need for an extension on Monday. Please do not hesitate to contact us for
any further information on our comments.

We look forward to speaking to this issue further and, hopefully, to supporting you
in your announcement of an extension of the current moratorium.

Thank you for your consideration,
Cathy

Catherine Collentine, Colorado Campaign Representative
Keep Dirty Fuels in the Ground Initiative

Sierra Club Our Wild America Campaign

1536 Wynkoop Street, Denver, CO 80202
(303)454-3363 (w)

catherine.collentine@sierraclub.org
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November 7, 2014

Boulder County Commissioners
1325 Pearl Street
Boulder, CO 80302

Re: Boulder County Fracking Moratorium
Dear Commissioners:

We, the undersigned individuals and groups, are writing to officially request that you extend the
current moratorium on fracking in Boulder County for a minimum of three additional years. Our
organizations collectively represent over 15,000 Boulder County residents who are concerned
about the effects of fracking in their community.

As described in Sierra Club’s May 1, 2013 memorandum to the county in support of the existing
moratorium (a copy of which is attached), fracking presents serious risks to property, public
health and a safe environment. Not only will extending the moratorium continue to protect the
citizens of Boulder County from these harms, it will enable the county to obtain the results from
several pending studies and potentially revise the county’s regulations. These include the EPA
study on the “Potential Impacts of Hydraulic Fracturing on Drinking Water Resources” due in
late 2014, an interim report on the 15 year National Science Foundation Study being led by the
University of Colorado at Boulder, and the multi-year study by the Colorado Department of
Public Health and the Environment and Colorado State University.

We take this position first because we care deeply about the health of our citizens and our
environment, including our air, soil, water and climate. Additionally, extending the moratorium
would bridge the time needed to obtain the results of the appeal of the industry’s lawsuit against
the Ft. Collins moratorium and the appeal of the industry’s fracking ban lawsuit against
Longmont, both of which are now pending in the Colorado Court of Appeals. As described in
Sierra Club’s June 17, 2013 memorandum to the county (attached), we believe moratoriums are
legally defensible. Also, industry and the COGCC recently dismissed their lawsuit against the
City of Longmont, which means their local ordinance stands. Under the circumstances, it is
reasonable for the county to await guidance from the Court of Appeals on the extent of local
government authority over fracking, which could help clarify the best approaches for future
protection of Boulder County’s citizens. If necessary, we encourage you to join with our





neighbors in those other Front Range communities to assure that Boulder County maximizes its
chances for full community protection, and to prevent new drilling in the interim.

Thank you for your persistence and hard work in striving to protect the health, environment,
democracy, and prosperity of the residents of Boulder County. You can expect an extension of
the county moratorium to be met with much gratitude from us and the community at large.

Sincerely,

Kaye Fissinger
Our Health, Our Future, Our Longmont

Harv Teitelbaum
Beyond Oil and Gas Team
Sierra Club Rocky Mountain Chapter

Micah Parkin
350 Boulder County

Sam Schabacker
Food & Water Watch






SIERRA CLUB ENVIRONMENTAL LAW PROGRAM
1650 38TH STREET, SUITE 102W
BOULDER, CO 80301
(303) 449-5595 / (303) 449-6520 (FAX)

MEMORANDUM
TO: BOULDER COUNTY
FROM: Eric E. Huber, Senior Managing Attorney, Sierra Club
RE: Moratorium on hydraulic fracturing pending health studies
DATE: May 1, 2013
SUMMARY

On behalf of the Sierra Club and its 3,200 members in Boulder County, with
FrackFree Colorado and FrackFree Boulder, we respectfully request that Boulder County
institute a 24-month moratorium on hydraulic fracturing ("fracking”) to obtain findings
from a comprehensive public health assessment, as a first step toward ensuring that
public health in Boulder County is properly safeguarded.

This 24-month period would enable the County to obtain the results of the
pending U.S. Environmental Protection Agency study on fracking impacts, the mid-point
report of the pending National Science Foundation study on the health impacts of
fracking, and the preliminary results of the pending Pennsylvania physician-study of the
health impacts of fracking based on the health histories on hundreds of thousands of
people. As set forth below, this moratorium is justified based on the available science and
would be legally defensible

BACKGROUND

Production of unconventional oil and gas resources using hydraulic fracturing
(“fracking™) is a relatively new phenomenon. Although hydraulic fracturing has been
used to enhance production of conventional vertical wells for some time, the combination
of horizontal drilling, hydraulic fracturing, and other technologies to extract oil and gas
fromlshale, “tight” sandstone, coalbed methane, and other unconventional sources is
new.

Unconventional production poses additional threats to groundwater, surface

water, and air quality.” Disposal of fracking water has induced earthquakes.* A






substantial body of scientific evidence documents these significant threats. The literature
further demonstrates, however, that we do not yet know the full extent of unconventional
production’s impacts or the techniques, if any, that may fully limit or mitigate these
: 4

impacts.

The evidence demonstrates that unconventional production poses significant risks
to health.” Many authoritative sources also indicate that the extent of these risks is
unknown.® A COGCC Staff Report issued in March 25, 2013, for example, states on
page 1: "The Setback Rules are also not intended to address potential human health
impacts associated with air emissions related to oil and gas development. The
Commission, after consulting with CDPHE, believes that there are data gaps, related to
oil and gas development’s potential effect on human health, which warrant further
study."

There are several studies underway regarding the health impacts of fracking and
related surface activities, which may greatly enhance understanding on how to limit
adverse impacts in Boulder County, including:

1) U.S. Environmental Protection Agency: At Congress’s request, the EPA is
currently engaged in a study on the potential impacts of hydraulic fracturing on drinking
and ground water.” December 2014 is the date given for the release of the final draft
report.® This should be followed by peer review and a public comment period preceding
the final report.

One of the research questions the EPA study seeks to answer is: “What are the
chemical, physical, and toxicological properties of hydraulic fracturing chemical
additives and wastewater constituents?” According to the Progress Report released in
December 2012, the EPA is compiling existing data regarding toxicity and potential
human health effects associated with the chemicals reported to be in fracturing fluids and
found in wastewater. There are currently over 1,000 chemicals identified.®

2) State of Colorado: The state is set to launch this summer a significant study of
emissions tied to oil and gas development. The project will provide information about
how oil and gas emissions behave, how they travel and their characteristics in areas along
the northern Front Range. A second phase would assess possible health effects using
information collected in the first phase. CDPHE will contract with Colorado State
University to conduct the study. The first phase of the study is projected to cover a three-
year period from July 2013 through June 2016. The second phase to develop a health risk
assessment would begin in January of 2016.°

3) National Science Foundation: There is a pending NSF study entitled: “Routes to
Sustainability for Natural Gas Development and Water and Air Resources in the Rocky
Mountain Region.”

The length of this study is 5-years, with a first working meeting having taken
place on Jan. 18, 2013, and now underway. It is funded for $12 million ($11,999,328).





There are five primary investigators, led by Principal Investigator Joseph Ryan, Professor
of CU-Boulder’s Civil, Environmental, and Architectural Engineering Department. The
NSF team studying the health risk assessments of unconventional drilling will include
medical researchers John L. Adgate, Roxana Z. Witter, and Lisa M. McKenzie of the
Colorado School of Public Health, University of Colorado and Anschutz Medical
Campus in Aurora (also authors of a published peer-reviewed study, “Human health risk
assessment of air emissions from development of unconventional natural gas sources™).™*

Patty Limerick is a co-principal investigator, also at CU-Boulder and the Director
of the Center for the American West. Based on conversations between Sierra Club and
Ms. Limerick, the researchers anticipate a mid-point report at 2.5 years, or by June, 2015.

Among the study's stated goals is the: "quantitative and qualitative assessment of
the health risks, both chemical and non-chemical, associated with water and air
exposure."*?

4) Geisinger Health System: This is a Pennsylvania physician-led health care system
that is currently undertaking a study of the health impacts of hydraulic fracturing, based
on the health histories of two million people who live near the Marcellus Shale.*® In
August 2012, a press release by Geisinger states that preliminary results of data analysis
may be released within the next year while other aspects of the research will unfold over
5, 10, or 15 years.™

Based on the above, the most responsible course of action is for the Boulder
County Commission to place a moratorium on unconventional oil and gas production
until the questions on health impacts can be answered, through empirical, authoritative
health data studies. That would enable assessment of the sufficiency of Boulder County’s
recently implemented regulations, and whether they need revision to protect the public
health and welfare. We suggest that the Boulder County moratorium be put in place for at
least 24 months, or until June, 2015, which would enable the County to obtain the EPA
report, the mid-point NSF study, and the preliminary results of Pennsylvania health
study. In addition, the County should consider an additional six months after that to
enable the County to assess the results and take appropriate action.

LEGAL ANALYSIS
A. Takings:

The United States Supreme Court and the Colorado Supreme Court both
recognize that temporary moratoria of reasonable duration are legitimate exercises of
local governments' authority to preserve the status quo, and protect the public health,
safety, and welfare, while developing a long term plan for development. Tahoe-Sierra
Preservation Council, Inc. v. Tahoe Regional Planning Agency, 535 US 302, 337-38
(2002) (upholding "rolling moratoria™ totaling 32 months against a takings claim); Droste
v. Board of County Comm'rs of the County of Pitkin, 159 P.3d 601, 606 (Colo. 2007).





Tahoe-Sierra is the leading federal case on moratoria and takings. And Colorado
law tracks federal law when it comes to takings. Van Sickle v. Boyes, 797 P.2d 1267,
1271 (Colo. 1990), City of Cent., 907 P.2d at 707, Dill v. Bd. of Cty. Comm’rs Lincoln
Cnty., 928 P.2d 809, 813.

Tahoe-Sierra held that a 32-month moratorium on all development in the Tahoe
basin pending development of a regional plan was not a taking on its face, i.e. not a
taking per se. Tahoe-Sierra declined, however, to adopt a bright-line rule holding that no
moratorium could ever be a taking, and expressed no opinion as to whether individual
property owners could have succeeded in as-applied challenges to the moratorium.

As explained by Tahoe-Sierra, the key tests for a regulatory takings question are
derived from Lucas v. South Carolina Coastal Council, 505 U.S. 1003, 1030 (1992) and
Penn Central Transportation Co. v. New York City, 438 U.S. 104 (1978).

1. Lucas

Although most regulatory takings claims are analyzed under Penn Central, Lucas
imposes an alternative framework where the regulation “deprives an owner of ‘all
economically beneficial uses’ of his land.” Tahoe-Sierra, 535 U.S. at 330 (quoting Lucas,
505 U.S. at 1019) (emphasis added). For purposes of Lucas, “all” means “all”: the Lucas
“rule would not apply if the diminution in value were 95% instead of 100%.” Tahoe-
Sierra, 535 U.S. at 330. Under a fracking-specific moratorium, lessees would still have
the right to drill for oil and gas. Individual lessees might bring as-applied challenges
arguing that the only economically viable use of their particular lease is via fracking, but
this would be a fact-specific battle and would face Lucas’s strict 100% threshold.*

Colorado case law is essentially the same: Land use regulation constitutes a taking
if it does not substantially advance legitimate government interests or if it prevents
economically viable use of property, neither of which apply to a moratorium on fracking
pending health studies. A landowner is not constitutionally entitled to use property in a
manner that results in maximum attainable profit. See Trailer Haven MHP, LLC v. City
of Aurora, 81 P.3d 1132 (Colo. App. 2003) (even though compliance with city code
would impose financial burden on mobile-home operator, enforcement did not constitute
a “taking” because it would not deprive operator of all use of property). The test, rather,
is whether an owner is foreclosed from all reasonable use of the property. 1d. That
would not be the case here first because a moratorium is only temporary; and second
because operators can use means other than fracking to extract oil and gas from their
wells.

2. Penn Central

Where Lucas does not apply because a regulation does not eliminate 100% of the
value of a property right, courts apply a three-factor balancing test from Penn Central
Transportation Co. v. New York City, 438 U.S. 104 (1978), considering (1) the character
of the government action; (2) the extent to which the regulation has interfered with
reasonable investment-backed expectations; and (3) the regulation’s economic impact.
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Lingle v. Chevron U.S.A. Inc., 544 U.S. 528, 539 (2005). These factors generally support
a fracking moratorium.

a. Character of Government Action

A moratorium is an agency tool well-suited to “preserve the status quo” and
thus, this Penn Central factor generally indicates that a moratorium pending study and
further regulation is not a taking. Tahoe-Sierra at 337; see also City of Cent., 907 P.2d at
706 (“[I]nterim zoning moratoria play an important role in land use planning.”).

b. Interference with Reasonable Investment Backed Expectations

Where the owner had reason to suspect that the type of restriction imposed was
likely, the owner’s taking claim is weaker. This Penn Central factor includes “(1)
whether the plaintiff operated in a ‘highly regulated industry;” (2) whether the plaintiff
was aware of the problem that spawned the regulation at the time it purchased the
allegedly taken property; and (3) whether the plaintiff could have ‘reasonably
anticipated’ the possibility of such regulation in light of the ‘regulatory environment’ at
the time of purchase.” Appolo 381 F.3d at 1349 (finding that each of these factors
weighed against the coal mining plaintiff). Each of these factors supports a moratorium.

Tahoe-Sierra noted that the moratorium was analogous to other existing
regulatory roadblocks, such as permitting rules. Tahoe-Sierra, 535 U.S. at 338 n.31.
Those rules gave landowners no certainty of a return on their investments. Id. Just as the
temporary moratorium rendered development uncertain, “there [was] no guarantee that a
permit [would] be granted.” Id.*®

Here, all oil and gas operators have known that oil and gas production is a highly
regulated field, and that fracking is controversial and likely to be subject to further
regulation. Thus, lessees are unlikely to succeed in showing that an investment backed
expectation of a right to drill in Boulder County is reasonable.

Colorado case law applies this test as well. A mere decrease in property value is
not enough to effect a taking, because an owner is not entitled to the highest and best use
of his property. Landowners cannot establish a takings claim simply by showing that
they have been denied the ability to exploit a property interest that they heretofore had
believed was available for development. Rather, a company would have to show that its
“reasonable investment backed expectations” were adversely impacted. Animas Valley
Sand and Gravel, Inc. v. Bd. of County Commissioners of the County of La Plata, 38 P.3d
59 (Colo. 2001(en banc). The leaseholders of subsurface mineral rights in the county
should be especially susceptible to this defense to the extent that their leases include force
majeure language or other language that indicates knowledge that they are subject to
regulation, or that their leases might be suspended due to regulation.





c. Economic Impact

This factor should also not render a moratorium a “taking.” Tahoe-Sierra held
that economic loss incurred during the development moratorium pendency did not give
rise to a distinct takings claim because “fluctuations in value . . . are incidents of
ownership. They cannot be considered as a taking in the constitutional sense.” 535 U.S.
at 332.

B. Preemption:

A moratorium on fracking pending health studies should also withstand a
preemption-based challenge.

Droste v. Board of County Comm'rs of the County of Pitkin, 159 P.3d 601, 606
(Colo. 2007) held that the County had the authority to adopt an ordinance imposing a
temporary moratorium (10 months) preventing the county from processing land use
applications pending adoption of a master plan. The court held that under CRS 29-20-
101 to 107 the County had the authority to adopt such an ordinance, provided the
moratorium was confirmed through public hearings.

Droste did not address the issue of preemption. We are not aware of any
preemption cases from Colorado involving a moratorium.

Nevertheless, there is state case law that addresses preemption of local
government regulations. Generally, regulations are considered valid as long as they do
not create an “irreconcilable operational conflict” with the state’s regulatory scheme, by
“materially impeding or destroying” the State’s interest. Bd. of County Comm’rs of La
Plata County v. Bowen/ Edwards Associates, Inc., 830 P.2d 1045, 1055-58. (Colo. 1992).
County regulations are presumed to be valid, and the person challenging them on the
basis of operational conflict has the burden of proof. Id. at 1060. See also, Voss v.
Lundvall Brothers, Inc., 830 P.2d 1061 (Colo. 1992). There, Greeley’s total ban on
drilling in city limits was struck down as preempted, with the court finding that although
there was not “field preemption” by the state, there was “conflict preemption” because
the ban conflicted with state laws. That case did not involve a moratorium however, and
a moratorium is not as broad or absolute as Greeley’s ban.

Since the COGCC cases decided above, the state law on COGCC’s mandate has
changed. The State's interest, as expressed by the Legislature in the current COGCC
mandate, is in fostering the "responsible development of Colorado’s oil and gas resources
in @ manner consistent with the protection of public health, safety, and welfare, including
protection of the environment and wildlife." Colorado Oil and Gas Conservation Act,
C.R.S. 37-60-101 et seq. The Colorado Oil and Gas Conservation Act provides it is not
intended to “establish, alter, impair, or negate the authority of local and county
governments to regulate land use related to oil and gas operations.” See e.g. C.R.S. 37-
60-128-(4). In this context, the State's interest, as stated in the COGCC's mandate and on
the record in public proceedings, and the County's interest in protecting the public health,





safety and welfare while health impact studies are conducted, are aligned. Therefore,
preemption of the County's moratorium on this basis would be unwarranted.

In addition, since the older state cases on oil and gas preemption like
Bowen/Edwards and Voss, there have been significant advancements in oil and gas
drilling technology. With the development of horizontal and directional drilling, in which
developers can access pools from remote locations, a developed record could demonstrate
that mineral rights could be accessed notwithstanding a moratorium on fracking. In short,
a county moratorium would not be inconsistent with the the goals of the COGCA to
safeguard citizens and Colorado’s environment while also fostering efficient
development of oil and gas resources.

! Energy Information Administration data demonstrates that the rise in production driven by
unconventional resources commenced in the late 2000s.

http://www.eia.gov/dnav/pet/hist/L eafHandler.ashx?n=PET&s=MCRFPUS2&f=A (crude oil production)
and http://www.eia.gov/dnav/ng/hist/n9070us2a.htm (natural gas).

% See e.g., (a) DOE, Shale Gas Production Subcommittee First 90-Day Report at 20 (citing Stephen G.
Osborn, Avner Vengosh, Nathaniel R. Warner, and Robert B. Jackson, Methane contamination of drinking
water accompanying gas-well drilling and hydraulic fracturing, Proceedings of the National Academy of
Science, 108, 8172-8176, (2011)); (b) Geoffrey Thyne, Review of Phase I Hydrogeologic Study (2008),
prepared for Garfield County, Colorado, available at_http://cogcc.state.co.us/Library/Presentations/
Glenwood_Spgs HearingJuly 2009/(1_A)_ReviewofPhase-11-HydrogeologicStudy.pdf.; (c)
Environmental Protection Agency, Report to Congress, Management of Wastes from the Exploration,
Development, and Production of Crude Qil, Natural Gas, and Geothermal Energy, vol. 1 (1987), available
at nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=20012DA4P.txt; (d) EPA, Draft Investigation of Ground Water
Contamination near Pavillion, Wyoming, at xiii (2011), available at
http://www.epa.gov/region8/superfund/wy/pavillion/EPA_ReportOnPavillion_Dec-8-2011.pdf.; (d) EPA
Region 111, Action Memorandum - Request for Funding for a Removal Action at the Dimock Residential
Groundwater Site (Jan. 19, 2012), available at
http://www.epaosc.org/sites/7555/files/Dimock%20Action%20Memo%2001-19-12.PDF; EPA, EPA
Completes Drinking Water Sampling in Dimock, Pa. (Jul. 25, 2012); and (e) on air impacts, EPA had been
assuming that there was a 2.4% leak rate for natural gas production; however last week's report from EPA
claims that, on the basis of industry self-reported data, leak rates are lower than expected. A NOAA study
from December, 2012 finds a 9% leak rate of raw gas. See J. Tollefson, Methane leaks erode green
credentials of natural gas, Nature (2013).

® National Research Council, Induced Seismicity Potential in Energy Technologies (2012) (“NRC 2012”) at
3; Ohio Department of Natural Resources, Executive Summary: Preliminary Report on the Northstar 1
Class Il Injection Well and the Seismic Events in the Youngstown, Ohio, Area (2012) (“Ohio DNR
Northstar”); Fountain, Henry, Disposal Halted at Well After New Quake in Ohio, New York Times
(January 1, 2012); Arkansas Oil and Gas Commission, Class 1| Commercial Disposal Well or Class 11
Disposal Well Moratorium (Aug. 2, 2011), available at
http://www.aogc.state.ar.us/Hearing%200rders/2011/July/180A-2-2011-07.pdf; Frohlich, Cliff, Two-year
survey comparing earthquake activity and injection-well locations in the Barnett Shale, Texas, Proceedings
of the National Academy of Sciences (2012); BC Oil and Gas Commission, Investigation of Observed
Seismicity in the Horn River Basin (Aug. 2012) (“BC Oil and Gas Commission”).

* Because unconventional production using hydraulic fracturing is a relatively recent phenomenon, wells
completed in the past few years may have set in motion contamination that has not yet manifested or been
detected.See, e.g., Tom Myers, Potential Contaminant Pathways from Hydraulically Fractured Shale to
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Aquifers (Apr. 17, 2012). In cases where contamination of private water is alleged, the oil and gas
production company frequently settles the claim in exchange for a confidentiality and/or nondisclosure
agreement, preventing the public and the scientific community from learning of the potential
contamination. See, e.g., Hallowich v. Range Resources Corp., Brief of Amici Curiae Philadelphia
Physicians for Social Responsibility et al., Appx. B (Apr. 27, 2012) (enumerating 27 such cases which
settled with confidentiality and/or nondisclosure agreements), available at
http://earthjustice.org/sites/default/files/Hallowich Brief.pdf.

®See e.g., Dr. Theo Colborn's site called TEDX, The Endocrine Disruption Exchange, which has a wealth
of information on the adverse health impacts on endocrine functions of fracking (raising enough alarms that
we need a moratorium pending studies on the full range of health impacts).
http://www.endocrinedisruption.com/home.php

® See e.g.: (@) American Public Health Association. [Policy Statement]. “The Environmental and
Occupational Health Impacts of High-Volume Hydraulic Fracturing of Unconventional Gas

Reserves.” October 30, 2012; (b) U.S. Government Accountability Office. “Oil and Gas:

Information on Shale Resources, Development, and Environmental and Public Health Risks.”

September 5, 2012; (c) “CDC scientist: tests needed on drilling impact.” Associated Press. January
4,2012; and (d) Witter, Roxanne et al. [For the Garfield County Board of County

Commissioners]. “Health Impacts Assessment for Battlement Mesa, Garfield County Colorado.”
September 2010.

7 http://www.epa.gov/hfstudy/.

8 http://www.epa.gov/hfstudy/pdfs/summary-of-technical-roundtables.pdf

° EPA, Study of the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources Progress
Report (December 2012) available at http://www2.epa.gov/sites/production/files/documents/hf-
report20121214.pdf.

10'See CDPHE Press Release, January 9, 2013 at:
http://dnr.state.co.us/SiteCollectionDocuments/News/Statetoundertakemajorstudyonoilandgasemissions.pdf
! Science of the Total Environment, March 22, 2012, available at
http://abrahampaiss.com/frackfreeboulder/wp-

content/uploads/2013/01/Health_risk_assessment natural _gas mckenzie2012study.pdf.

12 The University of Colorado Boulder is the lead institution for a Sustainability Research

Network (SRN) funded by the National Science Foundation. The Network will engage twenty-seven
researchers at nine institutions, including Colorado School of Mines, Colorado School of Public Health
(University of Colorado Denver), Colorado State University, NOAA and University of Colorado Boulder.
B3 Geisinger Leads Marcellus Shale Initiative (2013), available at
http://www.geisinger.org/research/cx/73809-1-ResearchCnxWinter2013WEB.pdf; see also Jon Hamilton,
Medical Records Could Yield Answers on Fracking, NPR (May 16, 2012), available at
http://www.npr.org/2012/05/16/151762133/medical-records-could-yield-answers-on-fracking;
https://webapps.geisinger.org/ghsnews/articles/GuthrieHealthandGeisingerc8464.html. A March 2013 AP
article says Geisinger envisions the study as a 20-year project divided into 5-year phases, with the first five
years spent building a data-collection
system.http://www.usatoday.com/story/news/nation/2013/03/09/fracking-study-years-off/1975261/

1> Two Federal Circuit cases have considered and rejected takings challenges brought by mineral lease
holders, each holding that Lucas was inapplicable. Bass Enterprises Prod. Co. v. United States, 381 F.3d
1360, 1365 (Fed. Cir. 2004) (oil and gas 45 month moratorium upheld); Appolo Fuels, Inc. v. United
States, 381 F.3d 1338, 1345 (Fed. Cir. 2004) (coal).
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TO: BOULDER COUNTY COMMISSIONERS
BOULDER COUNTY ATTORNEY
FROM: ERIC E. HUBER, SR. MANAGING ATTORNEY, SIERRA CLUB
RE: CONSTITUIONAL AUTHORITY OF COUNTY TO ISSUE RULES AND

REGULATIONS ON OIL AND GAS OPERATIONS AND ISSUE
MORATORIA ON ACCEPTING PERMITS FOR OIL AND GAS
DRILLING

DATE: JUNE 17, 2013

ISSUE: Does Boulder County have the constitutional authority to issue rules and
regulation on oil and gas operations and issue a moratorium on accepting applications?

SHORT ANSWER:

YES. Boulder County is a statutory county, and “statutory counties ...enjoy ‘those
powers that are expressly granted to them by the Colorado Constitution or by the General
Assembly,”” which include “implied powers reasonably necessary to the proper exercise of
those powers that are expressly delegated.”” County Comm'rs v. Bainbridge, 929 P.2d 691,
699 (Col0.1996); Beaver Meadows v. Board of County Comm'rs, 709 P.2d 928, 932
(Colo.1985).

Therefore, one must look not just to the Constitution, but also to the statutory
authority. The General Assembly has conferred broad authority on local government,
including statutory counties, to plan for and regulate the use of land within their respective
jurisdictions through the Local Government Land Use Control Enabling Act, § 29-20-
101 to —107, and the County Planning Code, § 30-28-101 to —137, 12A C.R.S. (1986 &
1991 Supp.). Bd. of Cnty. Comm'rs, La Plata Cnty. v. Bowen/Edwards Associates, Inc., 830
P.2d 1045, 1056 (Colo. 1992).

For an example of a moratorium on development being upheld based on the Land
Use Act, CRS 29-20-101 to 107, see Droste v. Board of County Comm'rs of the County of
Pitkin, 159 P.3d 601, 606 (Colo. 2007). That decision held that the County had the authority to
adopt an ordinance imposing a temporary moratorium (10 months) preventing the county from
processing land use applications pending adoption of a master plan. This is cited and
discussed in my prior memorandum to the county of May 2, 2013, which contains
additional authority on this subject.

A detailed analysis of the county’s authority to issue a moratorium follows:
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DISCUSSION:
Under the Land Use Act and Local Government Land Use Control Act:
CRS §29-20-102(1):

“The general assembly hereby finds and declares that in order to provide for
planned and orderly development within Colorado and a balancing of basic
human needs of a changing population with legitimate environmental
concerns, the policy of this state is to clarify and provide broad authority to
local governments to plan for and regulate the use of land within their
respective jurisdictions. Nothing in this article shall serve to diminish the
planning functions of the state or the duties of the division of planning.”

The term “local government” is not limited to home rule counties. The term “local
government” means “a county, home rule or statutory city, town, territorial charter city, or
city and county.” CRS §29-20-103.

Under the Land Use Act: CRS § 29-20-104:
“Powers of local governments

(1) Except as expressly provided in section 29-20-104.5, the power and
authority granted by this section shall not limit any power or authority
presently exercised or previously granted. Each local government within
its respective jurisdiction has the authority to plan for and regulate the
use of land by:

(a) Regulating development and activities in hazardous areas;

(b) Protecting lands from activities which would cause immediate or
foreseeable material danger to significant wildlife habitat and would
endanger a wildlife species;

(c) Preserving areas of historical and archaeological importance;

(d) Regulating, with respect to the establishment of, roads on public lands
administered by the federal government; this authority includes authority
to prohibit, set conditions for, or require a permit for the establishment of
any road authorized under the general right-of-way granted to the public
by 43 U.S.C. 932 (R.S. 2477) but does not include authority to prohibit,
set conditions for, or require a permit for the establishment of any road
authorized for mining claim purposes by 30 U.S.C. 21 et seq., or under
any specific permit or lease granted by the federal government;
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(e) Regulating the location of activities and developments which may
result in significant changes in population density;

(f) Providing for phased development of services and facilities;

(9) Regulating the use of land on the basis of the impact thereof on the
community or surrounding areas; and

(h) Otherwise planning for and regulating the use of land so as to
provide planned and orderly use of land and protection of the
environment in a manner consistent with constitutional rights.

Furthermore, Colorado case law recognizes the county’s authority over and over again,
including specifically in the oil and gas context:

Land use regulation is within scope of county's legislative power. Board of County Com'rs,
La Plata County v. Bowen/Edwards Associates, Inc., 1992, 830 P.2d 1045. Zoning And

Planning 1004

No clear and unequivocal statement of legislative intent in the Oil and Gas Conservation
Act preempted county's land use regulations pertaining to oil and gas activities within
county. Board of County Com'rs, La Plata County v. Bowen/Edwards Associates, Inc.,
1992, 830 P.2d 1045. Gas 1; Zoning And Planning 1027

Amendments to the Oil and Gas Conservation Act did not establish that state law impliedly
preempted all local regulation of oil and gas drilling; legislative declaration included a
statement that nothing in the Act was construed to affect existing land use authority of local
governmental entities, and a provision of the Act which addressed powers of the Colorado
Oil and Gas Conservation Commission (COGCC) indicated that the General Assembly
anticipated that local governments could issue land use permits that included conditions
affecting oil and gas operations. Town of Frederick v. North American Resources Co.,
App.2002, 60 P.3d 758, certiorari denied. Mines And Minerals 92.13; Municipal
Corporations 592(1)

Local Government Land Use Control Enabling Act grants local governments, including
counties, the authority to plan and regulate land use in numerous ways. Colorado Min.
Ass'n v. Board of County Com'rs of Summit County, 2009, 199 P.3d 718. Zoning And
Planning 1006; Zoning And Planning 1017

Entire permitting processes, as well as injunctive relief authorized by ordinance that
prohibited drilling of oil and gas wells within municipal limits [and county authority is
analogous under the Land Use Act, regardless of whether it is a home rule county - EH]
unless special use permit was first obtained, was not preempted on the basis of operational
conflicts; although municipality's process may have delayed drilling, the ordinance did
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not allow the municipality to impose arbitrary conditions that would materially impede or
destroy the state's interest in oil and gas development, and allowing local government to
invoke assistance of trial court to enforce regulations did not impede state's interest in
resources. Town of Frederick v. North American Resources Co., App.2002, 60 P.3d 758,
certiorari denied. Mines And Minerals 92.13; Municipal Corporations 592(1)

Finally, for an example of a moratorium on development being upheld based on the Land
Use Act, CRS 29-20-101 to 107, see Droste v. Board of County Comm'rs of the County of
Pitkin, 159 P.3d 601, 606 (Colo. 2007). That decision held that the County had the authority to
adopt an ordinance imposing a temporary moratorium (10 months) preventing the county from
processing land use applications pending adoption of a master plan. This is cited and
discussed in my prior memorandum to the county of May 2, 2013, which contains
additional authority on this subject.
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From: Christopher Cavett Allred

To: Boulder County Oil and Gas Comment
Subject: Stop Hydraulic Fracturing! We Are United to Protect Our Water Supply and Agriculture
Date: Friday, November 07, 2014 4:39:36 PM

Please consider future generations on planet Earth! Hydraulic Fracturing endangers
essential elements of life including our water supply and land that we need to grow
food. It is unacceptable for oil and gas corporations to be threatening the rights of
communities for their quick profit. We need to prioritize the health and safety of
people by guaranteeing access to clean air, clean water and local food! We will not
allow corporations to violate our inalienable rights. We don't need further
development of the oil and gas industry because we are committed to developing
sustainable energy, protecting our lands for the children of tomorrow, and helping
the planet.

Sincerely,

Chris


mailto:christopher.allred@Colorado.EDU
mailto:oilgascomment@bouldercounty.org

From: Bill Rafferty

To: Boulder County Oil and Gas Comment
Subject: Fracking Moratorium
Date: Friday, November 07, 2014 3:47:20 PM

Why would we want to approve a program that benefits a few and is so devastating
for the majority? When we drive the Diagonal to Boulder from Longmont or drive
Nelson Road west to US 36, what a sad, sad situation if we see fracking equipment.
Even if there were no health issues with fracking, what about aesthetics? Don't
many of us live in Boulder County because it is not an overdeveloped mess? Please
extend the moratorium! We can't imagine your constituents favor fracking here in
Boulder County.

Bill & Dale Rafferty
Longmont, CO


mailto:dbraff8@yahoo.com
mailto:oilgascomment@bouldercounty.org

From: August & Marion

To: Boulder County Oil and Gas Comment
Subject: Don"t displace your constituents
Date: Friday, November 07, 2014 3:39:53 PM

It doesn't matter who we are. Allowing fracking into Boulder County will displace
reasonable people who call the County home.

We have been waiting to invest in land to start an educational farm for 3 years. Our
local investors are frustrated and ready to abandon the county as well. You have
differed our lives, our investments, long enough.

Fracking is at best a 17 year old industry in Colorado as the new operations only
became economically viable in 97'. Industry projects on safety are not data. You
have been deceived with misinformation by the industries most optimistic guess
work.

It is only human arrogance that unnecessarily complicates problems that have
simple solutions. We need a operational Hydraulic Fracturing lifetime moratorium for
the industry to work with data. Regulate when the information is available not
before.

I will be happy to learn your decision come Thursday. If we get displaced by
fracking we'll miss being here but more so we'll miss the culture that will get
displaced with us.

We love Boulder County as our home as it is. It has supported you thus far and will
continue to with out fracking.

Kind regards,

August Miller
923 Alta St.
Longmont, CO. 80501

Who's hungry?

FoodShed Productions
foodshedproductions@gmail.com
720.878.7878


mailto:foodshedproductions@gmail.com
mailto:oilgascomment@bouldercounty.org
https://www.facebook.com/pages/FoodShed-Productions/206070699478335
mailto:foodshedproductions@gmail.com

From: Simén Mostafa

To: Boulder County Oil and Gas Comment
Subject: Extend the fracking moratorium
Date: Friday, November 07, 2014 2:51:08 PM

Dear Boulder County Commissioners,

As a Boulder County resident, I am writing to encourage you to extend the fracking
moratorium for at least three more years. Your decision to put the process on hold
the first time was the right one: we wanted to have some time to look at the
research that is being conducted on this topic and decide whether this was the right
decision for our county. Considering the information and the science that has
emerged in the time since, it is becoming clearer that fracking is at least as
dangerous or even more so than we suspected.

I know you are stuck in hard place, and | don't envy you: pressure from the state
Governor and from gas companies on one side, and your Boulder neighbors on the
other. Of course, neither the Governor nor Encana elected you to be their
representatives or their voice or to protect them from the desires of the Boulder
County residents. It was the other way around! Your job is to represent us, to be
our voice, to protect us from them when their desires conflict with ours. Ultimately,
to be us... with an amplified voice.

What happens is that when the Governor and certain companies come here with
their trucks full of lawyers and the drilling rigs of greed, they begin to inject their
fear into our communities, so pressure builds up inside until the rock of reason and
patience begins to crack, spewing polluted words and contaminating the waters of
dialogue necessary to sustain a healthy community. Can’'t you see?! They are
already fracking our Boulder County community. We are now asking you to stop
them before they go any further.

Your duty is to represent the residents of Boulder County, not only in their positions
but also in their courage. We have made our position very clear, now the question
becomes: how can we demonstrate our courage? The courage that you are
supposed to demonstrate when making your decisions, the courage to stand up to
those pressuring you from above; that same courage that our community has
demonstrated since the beginning of this discussion. You don’'t have to take the
bullet for Hickenlooper and Encana. You know what we want and that we will not be
bullied down by the Governor or gas companies, and we are simply asking you, as
one of us, to stand with us.

Sincerely,


mailto:simonmostafa@gmail.com
mailto:oilgascomment@bouldercounty.org

Simén Mostafa

310 39t st.
Boulder, CO 80305
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