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5/24/11 Draft

The Honorable Lisa P. Jackson
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, N.W.
Washington, D.C. 20460

Subject: Review of EPA’s Draft Hydraulic Fracturing Study Plan
Dear Administrator Jackson:

In January 2010, EPA’s Office of Research and Development (ORD) initiated planning for a
study to assess the potential impacts of hydraulic fracturing on drinking water resources, and
developed a Scoping Document in March 2010 that was reviewed by the Science Advisory
Board (SAB) in an open meeting on April 7-8, 2010. SAB’s Report on its review of the study
scope was provided to the Administrator in June 2010. EPA considered SAB’s comments, and
then developed a draft Hydraulic Fracturing Study Plan and requested SAB review of the draft
Study Plan. The SAB Hydraulic Fracturing Study Plan Review Panel met on March 7-8, 2011 to
review and provide advice to EPA on its draft Study Plan.

The draft Study Plan assesses the potential impacts of hydraulic fracturing on drinking water
resources, and identifies the driving factors that affect the severity and frequency of any potential
impacts. The draft Study Plan proposes to assess potential impacts of hydraulic fracturing on
drinking water resources from five aspects of the water lifecycle associated with hydraulic
fracturing: Water Acquisition, Chemical Mixing, Well Injection, Flowback and Produced Water,
and Water Treatment and Waste Disposal. As noted in the draft Study Plan, EPA plans to study
each of the hydraulic fracturing (HF) lifecycle stages through literature reviews, data gathering
and analysis, modeling, laboratory investigations, field investigations, and case studies. The
Study Plan includes engagement with states and a variety of companies and organizations to
leverage existing data and knowledge.

The SAB was asked to comment on various aspects of EPA’s approach for the Study Plan,
including the proposed water lifecycle framework for the Study Plan, the proposed research
questions, and the proposed research approach, activities, and outcomes. The enclosed report
provides the advice and recommendations of the SAB through the efforts of the SAB Hydraulic
Fracturing Study Plan Review Panel.

In general, the SAB believes that EPA’s research approach as presented in the draft Study Plan is
appropriate. However, the SAB identifies several areas of the Study Plan that can be better
focused to maximize impact within the time available until the first report is due in 2012. Also,
the SAB recommends that EPA make certain adjustments to the hydraulic fracturing lifecycle
framework, including consideration of water quantity impacts on the local watershed mass
balance, and consideration of the post closure/well abandonment phase within the lifecycle.
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EPA identified specific potential outcomes for the research related to each step in the HF water
lifecycle. The SAB believes that all of the potential water acquisition research outcomes, and
that most but not all of the potential chemical mixing research outcomes can be achieved. The
SAB believes that some, but not all, of the potential well injection research outcomes, flowback
and produced water research outcomes, and wastewater treatment and waste disposal research
outcomes can be achieved.

The SAB believes that the Study Plan provides inadequate detail on how to address the overall __{ Formatted: Font: Times New Roman )

Tesearch questions-presented-and-discussed-within-the-draft Study-Plan; and that EPA should _—{ Formatted: Font: Times New Roman ]

develop more specific research questions that could be answered within the budget and time

constraints of the project. The SAB believes it will not be possible to cover all facets of the
proposed research activities for the assessment of potential impacts of HF well—in}eetien#on
drinking water resources within the time allotted for the research activities. The SAB
recommends that EPA analyze data available from use-a wide variety of sources, such as HF
service| service companies and states avaiable-to EPA-in-orderto-increase the chances of success

of the research program, and analyze-data-from-HF-service-companies-and-states-to provide
additional insight.

Comment [D1]: cut well injection... all questions
will be difficult to address within the time and funds.

Formatted: Font: Times New Roman ]

Comment [GA2]: No other sources are suggested
here, so it is better to be specific so that it doesn’t not
appear that we are expanding the scope.

The SAB alse-recommends that EPA consider the four steps -three-the-steps-ef-of the risk
assessment paradigm (i.e., hazard identification, dose-response assessment, exposure assessment,
and risk characterization) gharacterization)-to assess and prioritize research activities for each

Comment [JVB3]: This seems to be FOUR steps.
Am | missing seomthing?

Comment [GA4]: We don’t mention whtat the 3" }

SAB recommends that EPA focus on potential human exposure, followed by hazard
|dent|f|cat|on if sufficient time and resources are available.

Comment [JVB5]: | think this is contentious.
While surface water may be the exposure route that
will affect the most people, I’m not sure that
qualifies it as the “primary opportunity”
Groundwater used for drinking water is certainly a
concern.

owback-and-produced € nd-disposal-of treated A .TheSABbellevesthat
important routes of potentlal human health exposure mclude exposure to liquids that are brought
back to the surface during hydraulic fracturing operations, and to potential groundwater
contamination. EPA will be obtaining information as the study progresses and should use its
expertise to set priorities for these and other pathways as needed. The SAB further recommends
that no toxicity testing be conducted at this time due to time and cost constraints, and that EPA
should evaluate through existing databases the toxicity of selected constituents determined to
have a high potential for exposure.

Comment [GAG]: It sounds like something
specific but | never heard of it so | deleted it.

water lifecycle stage presented in the draft Study Plan, and to focus research questions.— The <{{

The SAB has a-rumber-of suggestionsnumberthe following major-ef suggestions to be

incorporated into the development of the final plan to study the potential impacts of hudraulic

fracturing on drinking water resources: ferimproving-the-draft-Study-Plan-and-EPA’s-hydraulic
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o Clarify-Specify whether the research focus is strictly on hydraulic fracturing in shale gas
production or will consider hydraulic fracturing in conventional natural gas production,
coal bed methane production, or other types of natural gas and oil extraction activity. If
the research addresses several types of HF activity, results should not be Be-ret
generalizegeneralizedgeneralize focused-research-results-across all types of HF activity
but only to those types studied.

e EPA plans to combine the data collected on the location of well sites within the United
States with demographic information (e.g., income and race) to screen whether hydraulic

fracturing disproportionately impacts some citizens and to identify areas for further study.

The SAB believes this would effectively inform environmental justice discussions. The
SAB recommends that EPA formulate one or more specific Environmental Justice
outcomes and research tasks for achieving those outcomes related to this proposed
activity, and describe these outcomes and tasks in the Study Plan. tdentify-and

oncarn a adwith hvd

»—Define and differentiate flowback and produced water, and clearly distinguish such
waters-rerethomnaieseddusnothe bodeplie tehutine sroense . el
recommendation-because-tThe handling, treatment and disposal of flowback and

produced water represents an important the mestlikely impertantroute of exposure and
potential for adverse widespread impacts i i —

e Collect baseline data in a given area before HF activity begins so that significant changes
in water availability or water quality caused by HF activity can be more readily
documented.

e Gather both currently available information on the composition of flowback and
produced water from the hydraulic fracturing process, ireluding-and proprietary
information where possible.

Comment [D7]: probably should have a key
suggestion related to water acquistion on water
quantity, not just quality (see bullet six).

Comment [GA8]: The next plan is to be the final
plan. Itis written as though we expect it to be
another draft study plan.

Comment [E9]: Steve Randtke: These terms are
defined in the glossary of the Study Plan, not in the
main body of the report, so some Panel members
were initially uncertain as to their meaning. We did
recommend that these terms be clearly defined in the
main body of the plan — so future readers of the plan
would not be initially confused as some of us were.
Defining them up front where the “water lifecycle”
is addressed would be a very appropriate place to do
so. However, | do not think we should say “It is
difficult to distinguish between flowback and
produced water.” They can at times be of similar
composition, or chemically difficult to distinguish;
but in practice the distinction is pretty clear:
flowback is that water that flows back out of the well
when the pressure is relieved, and “produced water”
is water produced along with the gas (or oil, in oil
fields) as it is extracted from the ground. They are
(literally) demarcated by the onset of gas production.
1 also think we should avoid trying to redefine these
waters as “post-fracturing produced water” (lines 14-
15), as this would only further cloud the picture.

Comment [JVB10]: Again, this is a conclusion
that likely should come AFTER the study not before.

Formatted: Indent: Left: 0.5", No bullets or
numbering

Formatted: Bulleted + Level: 1 + Aligned at:
0.25" + Tab after: 0.5" + Indent at: 0.5"

- /[Formatted: Font color: Black

J
|
}
)




©oo N UL WNBE

28
29
30
31
32
33

5/24/11 Draft discussion text for further deliberations at the SAB Hydraulic Fracturing Study Plan Review Panel
May 19, 2011 Teleconference-- Please Do not Cite or Quote --This draft is a work in progress, does not reflect
consensus advice or recommendations, has not been reviewed or approved by the chartered SAB and does not

represent EPA policy.

Include the following constituents in EPA’s analysis of impacts of water acquisition and
other HF processes on water quality: hydrogen sulfide, ammonium, radon, iron,
manganese, arsenic, selenium, total organic carbon, and bromide, in addition to HF fluid
constituents and formation chemicals. EPA should also assess the potential of
constituents in HF-impacted waters to form disinfection by-products during drinking
water treatment.

Avoid a focus on Maximum Contaminant Level (MCL) parameters in analyzing potential
impacts of HF on water quality, as MCLs are insufficient for assessing all potentially
significant impacts on drinking water quality.

Focus study of treatment of flowback and produced water constituents on literature
searches onf POTW and industry management practices with similar waters, and assess
the need for any special storage, handling, management, or disposal controls for solid
residuals after treatment. Hydraulic fracturing return flows contain many constituents
that are similar to those for which treatment technologies exist within the practice of
industrial wastewater treatment.

The SAB appreciates the opportunity to provide EPA’s Office of Research and

Development with advice on this important subject. We look forward to receiving the Agency’s
| response and to potential future discussions with the Agency.

Sincerely,

Dr. Deborah L. Swackhamer, Chair Dr. David A. Dzombak, Chair
Science Advisory Board SAB Hydraulic Fracturing Study Plan

Review Panel

Enclosure
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NOTICE

This report has been written as part of the activities of the EPA Science Advisory Board (SAB),
a public advisory group providing extramural scientific information and advice to the
Administrator and other officials of the Environmental Protection Agency. The SAB is
structured to provide balanced, expert assessment of scientific matters related to problems facing
the Agency. This report has not been reviewed for approval by the Agency and, hence, the
contents of this report do not necessarily represent the views and policies of the Environmental
Protection Agency, nor of other agencies in the Executive Branch of the Federal government, nor
does mention of trade names of commercial products constitute a recommendation for use.
Reports of the SAB are posted on the EPA Web Site at http://www.epa.gov/sab.
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1. EXECUTIVE SUMMARY

In January 2010, EPA’s Office of Research and Development (ORD) initiated planning for a
study to assess the potential impacts of hydraulic fracturing on drinking water resources. EPA
proposed a study scope in March 2010 that was reviewed by the Science Advisory Board (SAB)
in an open meeting on April 7-8, 2010; SAB’s Report on its review of the study scope was
provided to the Administrator in June 2010. Subsequently, EPA developed a draft Hydraulic
Fracturing Study Plan and requested SAB review of the draft Plan. The SAB Hydraulic

//[ Formatted: Font: Not Italic

Fracturing Study Plan Review Panel met on March 7-8, 2011, to review and provide advice to
EPA on the scientific adequacy, suitability and appropriateness of EPA’s draft Study Plan.

The draft Study Plan assesses the potential impacts of hydraulic fracturing on drinking water
resources, and identifies the driving factors that affect the severity and frequency of any potential
impacts. The draft Study Plan proposes to assess potential impacts from five aspects of the
water lifecycle associated with hydraulic fracturing: Water Acquisition, Chemical Mixing, Well
Injection, Flowback and Produced Water, and Water Treatment and Waste Disposal. As noted
in the draft Study Plan, EPA plans to conduct this lifecycle analysis through literature reviews,
data gathering and analysis, modeling, laboratory investigations, and field investigations and
case studies.

The SAB was asked to comment on various aspects of EPA’s approach for the Study Plan,
including EPA’s proposed water lifecycle framework for the study plan, EPA’s proposed
research questions that would address whether or not hydraulic fracturing impacts drinking water
resources, and EPA’s proposed research approach, activities, and outcomes. The enclosed report
provides the advice and recommendations of the SAB through the efforts of the SAB Hydraulic
Fracturing Study Plan Review Panel.

In general, the SAB found that-EPA’s overall approach for the draft EPA Study Plan to be
appropriate and comprehensive. However, the SAB identifies several areas of the Study Plan
that can be better focused to maximize |mpact Wlthln the time avallable untll the first report is
due in 2012. e

detalled descrlptlon of the technlcal recommendatlons is descrlbed in thIS SAB Report, the key
points and recommendations are highlighted below.

Charge Question 1: Water Use in Hydraulic Fracturing

EPA has developed a Study Plan that identifies a set of proposed research activities associated
with each stage of the hydraulic fracturing water lifecycle, from water acquisition through the
mixing of chemicals and actual fracturing to post-fracturing production, including the

management of flowback and produced water and ultimate treatment and disposal. In general,
the SAB believes that EPA’s use of the water lifecycle depicted in Figure 7 of the draft Study
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Plan is an appropriate framework to characterize hydraulic fracturing and to identify the
potential drinking water issues. The SAB also believes that the Study Plan adequately identifies
and addresses the areas of concern identified for each stage of the hydraulic fracturing water
lifecycle. However, the SAB has several recommendations to strengthen the framework and
provide an improved assessment of potential drinking water issues.

The SAB recommends that EPA make certain adjustments to the hydraulic fracturing lifecycle
framework. EPA should consider water quantity |mpacts on the local Watershed mass balance
and the ERA’s-framework sheu ' #s A-depicted
in Figure 7--and- should link water fluxes assomated W|th hydraullc fracturlng to water flows in
the surrounding natural hydrological cycle. The water mass balance that accounts for waters
entering and leaving the system is a critical issue, and EPA should initially focus the water mass
balance assessment towards the case study efforts. EPA should also assess interbasin transfers
of flowback and produced water in order to identify possible water quality and quantity issues
associated with such transfers.

EPA should also add a post closure/well abandonment phase as a new component to Figure 7,
and SAB recommends that EPA separately consider this phase in the Study Plan. SAB
recognizes that potential risks for this new component may be at the same level as potential risks
in other phases of the lifecycle, and recommends that while EPA should assess this component,
EPA should not shift a significant amount of resources from other portions of the Study Plan in
order to address this new component.

In addition; ERA-should-consider-additional-sources-ofofofefefto the water quality impacts
beyond-these -indicated in Figure 9a, EPA- should consider the potential release of volatile
organic contaminants and other contaminants to the air, as well as relevant spatial and temporal
issues.

Charge Question 2: Research Questions

EPA has identified a comprehensive set of research questions to address the primary
mechanisms and pathways that can allow hydraulic fracturing to impact drinking water
resources. The questions cover each step of the life cycle of a hydraulic fracturing process that
can impact drinking water and are appropriately focused on the unique aspects of hydraulic
fracturing that can lead to such impacts. The SAB believes that EPA’s overall approach is
adequate, and that EPA has identified the correct research questions to address whether or not
hydraulic fracturing impacts drinking water resources. However, t¥he SAB provides
suggestions for supplementing and revising the existing questions. These suggestions are
designed to expllcnly recognize exphem%key issues that may not be adequately addressed in the
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The SAB has overarching comments that may affect the primary and secondary research
questions and how they are answered at each life cycle stage. An important challenge facing the
study is the diverse nature of hydraulic fracturing operations around the country. The geological
setting, the hydrological setting, the community setting and the requirements and standard
operating procedures at each stage of the hydraulic fracturing life cycle vary across the country.
These differences can give rise to fundamental differences in the nature of the impacts to
drinking water resources.

The SAB believes that the Study Plan provides inadequate detail on how to address the overall
research questions presented in Table 2 and discussed within the draft Study Plan, and that EPA
should present more specific research questions that could be answered within the budget and
time constraints of the project. To the extent that the Study Plan is being designed to inform
decision-making related to an EPA regulatory framework, the framework should include specific
research questions aimed at this objective.

The SAB finds that the scenario evaluation does not, but should, cross all research questions.
The SAB notes that scenario evaluations beyond the case studies for water acquisition and
flowback water, and their modeling, would particularly assist EPA’s research effort.

A suggested area for additional specific research is on the capacity of microseismic data to
provide detailed information about extent of fracturing and to assist in the hydraulic fracturing
modeling (see discussion under Charge Question| 4c))

Potential impacts to drinking water may be the result of the hydraulic fracturing process or the
result of the manner in which it is implemented, including the manner in which site preparation
and drilling are conducted. Potential impacts to drinking water resources that are the result of
particular management practices should be identified as being linked to those management
practices. This would be most useful if there are sufficient data available to compare various
management practices. In retrospective case studies there is concern that it may not be possible
to obtain sufficient data to separate risks that may be associated with the various management
practices employed.

Another overarching issue is the importance of assessing uncertainty at each step in the research
study. Given time and resource constraints, the studies will not be able to answer all questions
with a high degree of certainty. The SAB recommends that EPA explicitly identify or estimate
the uncertainty or confidence in all research conclusions. The quality of the information on
which the research was based as well as any uncertainties arising in the conduct of the research
should be evaluated, at least in a preliminary manner.

Comment [s11]: Better to be specific. Charge
Question 4 is huge!
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An additional overarching issue is that EPA needs to view the environmental concerns and issues
in the context of the local community. As noted in Section 9 of the Study Plan, to address these
concerns, EPA plans to combine the data collected on the location of well sites within the United
States with demographic information (e.g., income and race) to screen whether hydraulic
fracturing disproportionately impacts some citizens and to identify areas for further study. The
SAB believes this would effectively inform environmental justice discussions. The SAB
recommends that EPA formulate one or more specific Environmental Justice outcomes and
research tasks for achieving those outcomes related to this proposed activity, and describe these

outcomes and tasks in the Study Plan. —and-that-potential-outcomes-should-be-identified-by-ERPA
‘ - Liustico i .

The Study Plan should address the cumulative consequences of carrying out multiple HF
operations in a single watershed or region. While detailed research on cumulative impacts may
be beyond the scope of the current study, the incremental impacts of hydraulic fracturing
operations should be well characterized in the current study and a framework for assessment of
cumulative impacts should be established. This will provide the foundation for subsequent
assessment of total environmental exposures and risks, and cumulative impacts.

In-additionadditionAlso, the SAB recommends that EPA clarify whether the research focus is on
hydraulic fracturing in shale gas production, conventional natural gas production, coal bed
methane production, or other types of hydraulic fracturing activity.

As noted in the specific comments associated with this charge question, the SAB suggests that
EPA include several focused research questions associated with individual lifecycle stages. For
example, SAB recommends that EPA add a post closure/well abandonment phase as a new
component to Figure 7, and identify whether there is anything different regarding post
closure/well abandonment phase of hydraulic fracturing wells when compared to post
closure/well abandonment phase for other types of wells.
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In addition to these general concerns, the SAB has a number of specific concerns associated with
the research questions at individual lifecycle stages. These are presented in the discussion
associated with the subsequent charge questions.

Charge Question 3: [Research ADDYO&Ch‘ | Comment [D12]: The first few paragraphs seem
i to more address research questions than research

, N ; B R . o approach. Should we move some of these comments
EPA’s research approach involves application of a broad range of scientific expertise in to research questions charge? The same comment

environmental and petroleum engineering, ground water hydrology, fate and transport modeling, LIS e ey el TS R G 6.

and toxicology, as well as many other areas, and use of case studies and generalized scenario Sy
evaluations, to address the key questions associated with each of the five water cycle stages of

hydraulic fracturing. The SAB believes that EPA has identified the necessary tools in its overall

research approach as outlined in the Study Plan to adequately assess potential impacts of

hydraulic fracturing on drinking water resources. However, Fthe SAB believes that ERA-is

nc-on-an-enormou enae with limited budaet and mited-timeframe—EPA

should conduct a well-focused study so that critical research questions are identified, approaches
are designed that will enable answering those questions, and analysis is included to validate the
conclusions that are reached.

Comment [s13]: Better to be specific. Charge
Question 4 is huge!

The SAB believes that the Study Plan provides limited detail on anticipated data acquisition,
analysis, management, and storage (including model simulation results), and recommends that
EPA revise the draft Study Plan to include such details. The SAB recommends that EPA
consider using existing data acquisition and analysis methods rather than develop new methods
due to time and budget constraints. EPA should also carefully consider the quality of various
types of data that would be used within the analysis (industry data, local and non-industry data),
and consider archiving samples for later use.
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The SAB finds that the Study Plan overemphasizes case studies in the study approach, and
underemphasizes the review and analysis of existing data and the use of scenario analysis. The
SAB believes there is significant value to the synthesis of existing data, and that EPA should
review all available data sources to learn from what is already known about the relationship of
hydraulic fracturing and drinking water resources. The SAB also provides citations for
additional literature that EPA should consider in order to ensure a comprehensive understanding
of the trends in the hydraulic fracturing process and the potential impacts of hydraulic fracturing
on drinking water resources.

Charge Question 4(a): Proposed Research Activities - Water Acquisition

%*f‘[ Formatted: List Paragraph

In order to address the research questions listed in Table 2 for the Water Acquisition stage of the
water lifecycle, EPA plans to conduct Retrospective and Prospective Case Studies, analyze and
map water quality and quantity data, and assess impacts of cumulative water withdrawals. The
SAB believes that these proposed activities will, in general, adequately address the research
questions associated with this lifecycle stage as outlined in Table 2. However, tFhe SAB
recommends that the Study Plan include an additional research effort to collect baseline data in a
given area before HF activity begins, so that significant changes in water availability or water
quality caused by HF activity can be more readily documented.

SAB also recommends that EPA consider developing a “vulnerability index” or a list of criteria
that could be used to indicate situations where a water supply is vulnerable to adverse impacts on
water quality or quantity. SAB recognizes that given EPA’s limits on ed-available time-and
budget, this activity could potentially be delayed until there is more experience.

The SAB recommends that EPA’s list of analytes that would be studied to assess the impacts of
water acquisition and other HF activities on water quality should specifically include the
following constituents: hydrogen sulfide, ammonium, radon, iron, manganese, arsenic,
selenium, total organic carbon, and bromide, in addition to HF fluid constituents and likely
formation or additive chemicals-{e-g-—benzene-tolueneethylbenzeneandxyenes—BTEX
surfactants;-and-bioeides). EPA should also assess the potential of constituents in HF-impacted
waters to form disinfection by-products (including trihalomethanes, haloacetic acids, total

Comment [s14]: Define abbreviation at point of
first use.

|

/{ Comment [s15]: Insert space

organic halogen, and other halogenated organic compounds) in drinking water treatment.

Also, the SAB believes that Maximum Contaminant Levels (MCLs) established under the Safe

Drinking Water Act are not sufficient for assessing all potentially significant impacts on drinking

water quality. The SAB recommends that EPA include in its analysis potential impacts on water
| quality that do not involve MCL exceedances—, such as measurable contamination or water
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| composition.. EPA should also examine trends in water quality associated with HF water

acquisition and determine whether adverse impacts will result if these trends continue.

Advances in membrane desalination, increasing use of aquifer storage and recovery systems, and
regional water shortages are changing perspectives on what constitutes a source of drinking
drinking water. The SAB recommends that EPA not automatically exclude from consideration
potential impacts on a water source having more than 10,000 mg/L of total dissolved solids if it
could reasonably be anticipated to be a viable source of water supply in the future.

Charge Question 4(b): Proposed Research Activities - Chemical Mixing

The SAB believes that overall, EPA’s proposed activities will adequately address the research
questions associated with this lifecycle stage as outlined in Table 2. The SAB has some
suggestions for specific components of the research plan that could be strengthened as described
further below.

The SAB supports EPA’s proposed approach to analyze existing data rather than collect samples
for analysis, and believes that EPA’s planned effort to gather data from nine hydraulic fracturing
service companies will likely provide sufficient information on the composition of HF fluids
provided the companies cooperate and supply the information in a timely manner. SAB

| recommends that EPA also gather HF fluid composition data from state¢s) collecting such data,
and consider the role that recycling and reuse of HF fluids will play in influencing both quantity
and composition of HF fluids.

Given the limits on ed-available time and budget for the current project, the SAB believes that
in-depth study of toxicity is not possible, and thus supports EPA’s plan to evaluate, using
existing databases the toxicity of the-selected-constituents-of-selected constituents determined to
have a high potential for human exposure-through-existing-databases. SAB recommends that
EPA assess potential pathways of exposure to the public through drinking water (while
recognizing that other important exposure routes such as through air and diet may also exist).

While it would be helpful if EPA developed indicators of contamination, it may be difficult to
achieve a practical indicator approach within the time allotted for the current study. The SAB
also believes that EPA should give low priority to development of analytical methods for
specific components for which there are no existing certified methods.

SAB generally supports EPA’s plans to identify factors that influence the likelihood of
contamination of drinking water resources. Although SAB believes that EPA will identify a
number of factors that influence the likelihood of contamination of drinking water resources, the
list of factors may not be complete, the project time and budget will not allow time for a
complete evaluation of the factors, and the results should not be generalized across all HF sites.

SAB does not believe that case studies alone will provide sufficient information regarding
effectiveness of mitigation approaches in reducing impacts to drinking water resources. SAB

Comment [GA16]: It seemed that we were
leaving the issue hanging so | thought we should
give a clear example or two.
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suggests that EPA analyze data from HF service companies and states in order to provide
additional insight. The retrospective case studies may also be a source of useful information
about approaches that failed to prevent or control impacts.

Charge Question 4(c): Proposed Research Activities - Well Injection

The SAB believes that EPA’s proposed research activities for the assessment of potential
impacts of well injection related to hydraulic fracturing on drinking water resources are
scientifically adequate. The SAB believes it will not be possible to cover all facets of the
proposed research within the time allotted for the research activities, and recommends that EPA
narrow the scope of activities to specific case studies and site investigations and use a wide
variety of sources available to EPA in order to increase the success of the research program. The
SAB provides a number of specific suggestions for focusing EPA’s fundamental and secondary
research questions associated with this topic area. The SAB recommends that EPA should
research well drilling and cementing practices separately from the hydraulic fracturing process.
With the cooperation of service companies, full access to data, and careful selection of case
studies, the SAB believes that the proposed research can adequately address most of the
fundamental questions associated with possible impacts of the injection and fracturing processes
on drinking water resources.

Charge Question 4(d): Proposed Research Activities - Flowback and Produced Water

The SAB believes that overall, EPA’s proposed activities will adequately address the research
questions associated with this lifecycle stage as outlined in Table 2. The SAB has some
suggestions for specific components of the research plan that could be strengthened as described
further below.

- In the main body of

the plan, Ithe SAB recommends that EPA more clearly, m%heman—bed%ef—theelan—defme and
dlfferentlate flowback and produced water, and clearly dlstlngmsh such waters. #emothef—wa{er

The SAB supports EPA’s plan to gather information on the composition of flowback and
produced water from the hydraulic fracturing process as much as possible from currently
available data. The SAB recommends the collection of water quality data from specific points in
time and from carefully selected locations, including the ongoing studies on the quality of
surface waters in the regions with significant hydraulic fracturing activity. EPA should evaluate
quality assurance/quality control (QA/QC) aspects of the studies that would be assessed or
conducted by EPA.

The SAB recommends that EPA consider the use of a risk assessment framework analysis (i.e.,
hazard identification, exposure, toxicity, and risk characterization) to assess and prioritize

Comment [E17]: Steve Randtke: These terms are
defined in the glossary of the Study Plan, not in the
main body of the report, so some Panel members
were initially uncertain as to their meaning. We did
recommend that these terms be clearly defined in the
main body of the plan — so future readers of the plan
would not be initially confused as some of us were.
Defining them up front where the “water lifecycle”
is addressed would be a very appropriate place to do
so. However, | do not think we should say “It is
difficult to distinguish between flowback and
produced water.” They can at times be of similar
composition, or chemically difficult to distinguish;
but in practice the distinction is pretty clear:
flowback is that water that flows back out of the well
when the pressure is relieved, and “produced water”
is water produced along with the gas (or oil, in oil
fields) as it is extracted from the ground. They are
(literally) demarcated by the onset of gas production.
1 also think we should avoid trying to redefine these
waters as “post-fracturing produced water” (lines 14-
15), as this would only further cloud the picture.
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research activities for the lifecycle stages of flowback and produced water. At this time, EPA
should focus on potential human exposure followed by hazard identification if sufficient time
and resources are available for each lifecycle stage and use the paradigm to assist in problem
formulation. The SAB anticipates that an important opportunity for human health exposure is
likely to be through exposure to liquids that are brought back to the surface during hydraulic
fracturing operations, such as during surface water management of flowback and produced
waters and during disposal of treated waste water. In addition, since groundwater can potentially
be contaminated by HF in a number of ways (including leakage from storage, leakage from the
injection wells, leakoff during hydrofracking potentially along faults or up abandoned wells, and
seepage into the ground if land applied), potential groundwater contamination is another
important opportunity for human health exposure. EPA will be obtaining information as the
study progresses and should use its expertise to set priorities for these and other pathways as
needed. } el a5l

Charge Question 4(e): Proposed Research Activities - Wastewater Treatment and Waste

Disposal

The SAB believes that overall, EPA’s proposed activities will adequately address the research
questions associated with this lifecycle stage as outlined in Table 2. The SAB has some
suggestions for specific components of the research plan that could be strengthened as described
further below.

The Panel strongly recommended the use of scenario modeling, in concert with both
retrospective and prospective case studies, to “define the boundaries” for activities under this
portion of the water lifecycle. Scenario modeling involving simple mass balances should be
conducted as a first order effort to determine if or when dilution constitutes adequate
“treatment.” Existing practice in some areas is to discharge return flows to wastewater
treatment plants and to rely on dilution to “treat” a number of constituents not removed by
conventional wastewater treatment processes, such as total dissolved solids (TDS), chloride,
bromide, and non-biodegradable organic matter. For these constituents, simple calculations can
be done to estimate effluent and downstream concentrations, which can then be evaluated for
their potential to cause adverse impacts (not only to humans, via drinking water supplies, but
also to other receptors in future studies).

Hydraulic fracturing return flows contain many constituents that are similar to those for which
treatment technologies exist within the state of practice of industrial wastewater treatment. For
those constituents, SAB believes that EPA should conduct a thorough literature review to
identify existing treatment technologies -that are currently being used to treat HF wastewater,
identify knowledge relevant to hydraulic fracturing return flows, and identify constituents of HF
return waters that might merit additional attention. SAB recommends that EPA review the
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documented data in the retrospective case studies to assess the efficacy and success of industrial
wastewater treatment operations and pre-treatment operations for hydraulic fracturing return
flows. Only a limited number of Publicly Owned Treatment Plants (POTWSs) have the ancillary
treatment technologies needed to remove the constituents in hydraulic fracturing return waters.
SAB recommends that EPA focus its efforts towards literature searches on POTW and industry
management practices that can minimize the adverse effects associated with certain constituents

such as toetal-disselved-selids{FBS))TDS, natural organic matter (NOM), bromide, and
radioactive species;+ather-thanas well asthan-on-characterizing-those-effects. In addition, EPA

should assess the need for any special storage, handling, management, or disposal controls for
solid residuals after treatment. EPA should consider how common the land application of
hydraulic-fracturing associated wastewater is, and if this is a common practice and EPA
identifies locations where returns flows are being land applied (a disposal method mentioned in
the Study Plan), the potential |mpacts of thls practlce on drlnkmg water resources should also be
evaluated. / .

Charge Question 5: Research Outcomes

EPA has proposed to conduct certain research activities associated with all stages of the
hydraulic fracturing water lifecycle shown in Figure 7 of the Study Plan in order to address the
research questions posed in Table 2 of the Study Plan. EPA proposes to conduct the research
using case studies and generalized scenario evaluations, which will rely on data produced by a
combination of the tools listed in Section 5.3 of the Study Plan. In addition, EPA outlines a
program of quality assurance that will be developed for all aspects of the proposed research.
EPA’s proposed research activities for each stage of the hydraulic fracturing water lifecycle is
outlined in Figure 9 of the Study Plan, and EPA provides brief summaries of how the proposed
research activities will answer the fundamental research questions.

The SAB focused on the potential research outcomes that EPA identified for each step in the HF
water lifecycle. These potential research outcomes are identified in Chapter 6 of the draft Study
Plan, at the end of the discussion of each stage of the water lifecycle. For each potential research
outcome listed in the draft report, the SAB determined whether the outcome is likely to be
achieved in whole, in part, or not at all, by the proposed research.

As described in more detail below, the SAB believes that all of the potential water acquisition
research outcomes identified by EPA can be achieved. The SAB believes that most but not all of
the potential chemical mixing research outcomes identified by EPA can be achieved. The SAB
believes that some but not all of the potential well injection research outcomes identified by EPA
can be achieved. The SAB believes that some but not all of the potential flowback and produced
water research outcomes identified by EPA can be achieved. The SAB believes that some but
not all of the potential wastewater treatment and waste disposal research outcomes identified by
EPA can be achieved.

10
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The SAB believes that all of the potential water acquisition research outcomes identified by EPA
can be achieved. EPA can identify possible impacts on water availability and quality associated
with large-volume water withdrawals for hydraulic fracturing. Also, EPA could determine the
cumulative effects of large volume water withdrawals within a watershed and aquifer, and
develop metrics that can be used to evaluate the vulnerability of water resources. While the SAB
believes that these research outcomes can be accomplished at HF sites that are carefully
characterized in the case studies, the potential for extrapolation of these findings to other sites
will be limited. The SAB is thus unclear as to the extent to which the achievement of the water
acquisition research outcomes will provide value to the project. Regarding the assessment of
current water resource management practices related to hydraulic fracturing, the SAB believes
that EPA can accomplish this task through collection of data on water management practices
from a representative cross-section of the industry. However, it is unclear whether the
“assessment” referred to in this outcome would comprise only data-gathering about existing
“management practices or a more in-depth analysis of the effectiveness of the practices.

The SAB believes that most but not all of the potential chemical mixing research outcomes
identified by EPA can be achieved. EPA can summarize available data on the identity and
frequency of use of many (but not all) hydraulic fracturing chemicals, the concentrations at
which the chemicals are typically injected, and the total amounts used, assuming cooperation
from the HF service companies is forthcoming. The SAB believes it will be difficult for EPA to
identify comprehensively the toxicity of chemical additives, apply tools to prioritize data gaps,
and identify chemicals for further assessment. The SAB does not believe that it will be possible
for EPA to collect and evaluate new data on human toxicity of HF chemical additives given the
cost and time constraints of the current project. EPA should collect and review pre-existing data
on toxicity of HF additives, and conduct a limited effort to estimate toxicity, based on
quantitative structure-activity relationships (QSARSs), for HF additives for which no pre-existing
toxicity data exist and a high potential for exposure expeosure-is likely. The SAB believes that
EPA may not be able to identify a set of contamination indicators associated with hydraulic
fracturing, for various reasons. However, the SAB believes that EPA’s consideration of
inorganic salts and organic HF additives (for which analytical methods already exist) as
contamination indicators nﬁugh%can adequately support ethe research outcome related to toxmty

Lastly, assumlng that HF service companles are forthcomlng W|th information about thelr
chemical storage and mixing management practices, and that a broad data-gathering effort is
undertaken, EPA’s assessment of management practices related to on-site chemical storage and
mixing is achievable as part of the proposed research.

The SAB believes that some but not all of the potential well injection research outcomes
identified by EPA can be achieved. EPA should be able to determine the frequency and severity
of well failures, as well as the factors that contribute to them, if thorough historical data on well
failures are provided by the HF service companies and if EPA determines the number of

| hydraulically fractured wells in a defined period for which well failure data are also available.

11
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hydrautic-fracturing-wels: The SAB believes that while EPA could identify the key conditions
that increase or decrease the likelihood of the interaction of existing pathways with hydraulic
fractures through modeling, the simulated outcomes will be dependent on assumptions and
ch0|ces made about how to represent the physmal system Ihe%AB—behevesthat—wh#e—EPA

These assumptlons and ch0|ces may not be
well constrained by reliable data. While the SAB believes that EPA can evaluate water quality
before, during, and after injection, the evaluation might have to be continued substantially
beyond the end of the initial research before the outcome can be established with reasonable
confidence. The SAB does not believe that EPA can determine in the current study the identity,
mobility, and fate of all potential contaminants, including fracturing fluid additives and/or
naturally occurring substances (e.g., formation fluid, gases, trace elements, radionuclides,
organic material) and their toxic effects. The SAB anticipates that the determination of toxic
effects will be limited to those contaminants for which the toxicity has already been assessed.
However, the SAB believes that the goal of quantifying the mobility and fate of the contaminants
that are deemed to be of highest priority is achievable. Lastly, the SAB does not believe that
establishing certified analytical methods for detecting and quantifying HF additives is an
achievable goal for the current study, given the constraints of time and funding.

The SAB believes that some but not all of the potential flowback and produced water research
outcomes identified by EPA can be achieved. EPA should be able to compile existing data
relating to the identity, quantity, and toxicity of flowback and produced water components. The
SAB recommends against EPA investing resources to develop analytical methods to identify and
quantify flowback and produced water components; the SAB does not think this outcome is
achievable, given the constraints on time and funding;-and-dees-not-think-this-isachievable.

EPA can develop a prioritized list of components requiring future studies relating to toxicity and
human health effects. Fhe-SAB-behieves-thatwhile-EPA esuld-plans to determine the likelihood
that surface spills will result in the contamination of drinking water resources. SAB belives that
+this likelihood will be highly site specific and will not be quantifiable with a simple, general
model, and thus the SAB does not believe that the outcome can be achieved. The SAB also does
not believe that EPA can achieve its-the outcome to-evaluate-of evaluating risks posed to
drinking water resources by current methods for on-site management of wastes produced by
hydraulic fracturing. The data that EPA anticipates collecting with regard to on-site
management of HF wastes are not well defined, and it is unclear how the data obtained will be
translated into a useful, generalized evaluation of the risks associated with on-site management
of HF wastes.

The SAB believes that some but not all of the potential wastewater treatment and waste disposal
research outcomes identified by EPA can be achieved. The SAB believes that EPA can evaluate
the effectiveness of current treatment and disposal methods of flowback and produced water
resulting from hydraulic fracturing activities with respect to the inorganic constituents of HF
wastes, with minimal or no new laboratory research. However, the SAB does not believe such

12
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an evaluation can be achieved for the organic constituents in situations where the HF wastes are
a small portion of the total waste stream entering the treatment plant. The SAB believes that
EPA may be able to achieve an outcome that-wit-assess-the-of assessing some short- and long-
term effects of the constituents resulting from inadequate treatment of hydraulic fracturing
wastewaters on water and wastewater treatment processes, and on the water quality of the treated
water. However, this potential outcome can be achieved only for a very limited range of
potential effects.

An additional overarching issue is that EPA needs to view the environmental concerns and issues
in the context of the local community. As noted in Section 9 of the Study Plan, to address these
concerns, EPA plans to combine the data collected on the location of well sites within the United
States with demographic information (e.g., income and race) to screen whether hydraulic
fracturing disproportionately impacts some citizens and to identify areas for further study. The
SAB recommends that EPA formulate a specific outcome related to this proposed activity.

13
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2. INTRODUCTION

2.1. Background

In January 2010, EPA’s Office of Research and Development (ORD) initiated planning
for a study to assess the potential impacts of hydraulic fracturing on drinking water resources.
EPA proposed a study scope in March 2010 that was reviewed by the Science Advisory Board
(SAB) in an open meeting on April 7-8, 2010; SAB’s Report on its review of the study scope
was provided to the Administrator in June 2010. In its response to EPA' in June 2010, the SAB
endorsed a lifecycle approach for the study plan, and recommended that: (1) initial research be
focused on potential impacts to drinking water resources, with later research investigating more
general impacts on water resources; (2) five to ten in-depth case studies be conducted at
“locations selected to represent the full range of regional variability of hydraulic fracturing
across the nation”; and (3) engagement with stakeholders occur throughout the research process.

Subsequently, EPA developed a draft Hydraulic Fracturing Study Plan and requested
SAB review of the draft Plan. The draft Study Plan assesses the potential impacts of hydraulic
fracturing on drinking water resources, and identifies the driving factors that affect the severity
and frequency of any potential impacts. The draft Study Plan proposes to assess potential
impacts from five aspects of the water lifecycle associated with hydraulic fracturing: Water
Acquisition, Chemical Mixing, Well Injection, Flowback and Produced Water, and Water
Treatment and Waste Disposal. As noted in the draft Study Plan, EPA plans to conduct this
lifecycle analysis through literature reviews, data gathering and analysis, modeling, laboratory
investigations, and field investigations and case studies.

The SAB was asked to comment on various aspects of EPA’s approach for the Study
Plan, including EPA’s proposed water lifecycle framework for the study plan, EPA’s proposed
research questions that would address whether or not hydraulic fracturing impacts drinking water
resources, and EPA’s proposed research approach, activities, and outcomes. EPA identified the
proposed research questions from stakeholder meetings and a review of the existing literature on
hydraulic fracturing. Stakeholders also helped EPA to identify the potential case study sites
discussed in the draft study plan. The enclosed report provides the advice and recommendations
of the SAB through the efforts of the SAB Hydraulic Fracturing Study Plan Review Panel. EPA
will consider the comments from the SAB during the development of its final plan to study the
potential impacts of hydraulic fracturing on drinking water resources.

The Panel met on March 7-8, 2011, to review and provide advice to EPA on the scientific
adequacy, suitability and appropriateness of EPA’s draft Study Plan. The Panel reviewed the
draft EPA study plan, and considered public comments and oral statements that were received.

http://yosemite.epa.gov/sab/sabproduct.nsf/0/CCO9DE2B8B4755718525774D0044F929/$File/EPA-SAB-10-009-
unsigned.pdf
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The SAB’s advice is provided in the attached SAB Report. The Panel held follow-up
public teleconference calls on May 19 and May 25, 2011, to discuss the external draft SAB
Report dated XXXX, 2011. The updated external draft SAB Report dated XXXX, 2011, was
submitted to the chartered SAB for discussion at the XXXX, 2011, public teleconference. The
external draft SAB Report was revised based on comments received from the Board. Comments
from the SAB will be considered during the development of the final plan to study the potential
impacts of hydraulic fracturing on drinking water resources.

2.2. Charge to the Panel

The Agency’s Charge to the Panel (Appendix A) included a total of five questions, which
were broken into nine total charge questions that were reviewed by the Panel:

Charge Question 1: Water Use in Hydraulic Fracturing
EPA has used the water lifecycle shown in Figure 7 to characterize hydraulic fracturing
and to identify the potential drinking water issues. Please comment on the
appropriateness of this framework for the study plan. Within the context of the water
lifecycle, does the study plan adequately identify and address the areas of concern?

Charge Question 2: Research Questions
EPA has identified both fundamental and secondary research questions in Table 2. Has
EPA identified the correct research questions to address whether or not hydraulic
fracturing impacts drinking water resources, and if so, what those potential impacts may
be?

Charge Question 3: Research Approach
The approach for the proposed research is briefly described in Chapter 5. Please provide
any recommendations for conducting the research outlined in this study plan, particularly
with respect to the case studies. Have the necessary tools (i.e., existing data analysis,
field monitoring, laboratory experiments, and modeling) been identified? Please
comment on any additional key literature that should be included to ensure a
comprehensive understanding of the trends in the hydraulic fracturing process.

Charge Question 4(a): Proposed Research Activities - Water Acquisition
Proposed research activities are provided for each stage of the water lifecycle and
summarized in Figure 9. Will the proposed research activities adequately answer the
secondary questions listed in Table 2 for the Water Acquisition stage of the water
lifecycle? Please provide any suggestions for additional research activities.

15
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Charge Question 4(b): Proposed Research Activities - Chemical Mixing
Proposed research activities are provided for each stage of the water lifecycle and
summarized in Figure 9. Will the proposed research activities adequately answer the
secondary questions listed in Table 2 for the Chemical Mixing stage of the water
lifecycle? Please provide any suggestions for additional research activities.

Charge Question 4(c): Proposed Research Activities - Well Injection
Proposed research activities are provided for each stage of the water lifecycle and
summarized in Figure 9. Will the proposed research activities adequately answer the
secondary questions listed in Table 2 for the Well Injection stage of the water lifecycle?
Please provide any suggestions for additional research activities.

Charge Question 4(d): Proposed Research Activities - Flowback and Produced Water
Proposed research activities are provided for each stage of the water lifecycle and
summarized in Figure 9. Will the proposed research activities adequately answer the
secondary questions listed in Table 2 for the Flowback and Produced Water stage of the
water lifecycle? Please provide any suggestions for additional research activities.

Charge Question 4(e): Proposed Research Activities - Wastewater Treatment and Waste
Disposal
Proposed research activities are provided for each stage of the water lifecycle and
summarized in Figure 9. Will the proposed research activities adequately answer the
secondary questions listed in Table 2 for the Wastewater Treatment and Waste Disposal
stage of the water lifecycle? Please provide any suggestions for additional research
activities.

Charge Question 5: Research Outcomes
If EPA conducts the proposed research, will we be able to:
a. ldentify the key impacts, if any, of hydraulic fracturing on drinking water
resources; and
b. Provide relevant information on the toxicity and possible exposure pathways of
chemicals associated with hydraulic fracturing?
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3. RESPONSE TO THE CHARGE QUESTIONS

3.1. Water Use in Hydraulic Fracturing

Charge Question 1: EPA has used the water lifecycle shown in Figure 7 to characterize
hydraulic fracturing and to identify the potential drinking water issues. Please comment
on the appropriateness of this framework for the study plan. Within the context of the
water lifecycle, does the study plan adequately identify and address the areas of
concern?

General Comments

EPA has developed a Study Plan that identifies a set of proposed research activities associated
with each stage of the hydraulic fracturing water lifecycle, from water acquisition through the
mixing of chemicals and actual fracturing to post-fracturing production, including the
management of flowback and produced water and ultimate treatment and disposal.

In general, the SAB believes that EPA’s use of the water lifecycle depicted in Figure 7 of the
draft study plan is an appropriate framework to characterize hydraulic fracturing and to identify
the potential drinking water issues, but can be strengthened by taking a broader view with
respect to water quantity than depicted in Figure 7. The SAB believes that the Study Plan

adequately identifies and addresses the areas of concern identified for each stage of the hydraulic _—{ Formatted: Font: Not Italic

fracturing water lifecycle. However, the SAB has several recommendations to strengthen the
framework and provide an improved assessment of potential drinking water issues.

The SAB recommends that EPA make certain adjustments to the hydraulic fracturing lifecycle
framework. EPA should consider water quantlty |mpacts on the local Watershed mass balance
and the EPA’s-framework sh / 0y A-depicted
in Figure 7, and-should link water fluxes assomated Wlth hydraulic fracturlng to Water flows in
the surrounding natural hydrological cycle. The water mass balance assessment is a critical
effort, and EPA should initially focus the water mass balance assessment towards the case study
efforts.

EPA should also add a post closure/well abandonment phase as a new component to Figure 7,
and SAB recommends that EPA separately consider this phase in the Study Plan. SAB
recognizes that potential risks for this new component may be at the same level as potential risks
in other phases of the lifecycle, and recommends that while EPA should assess this component,
EPA should not shift a significant amount of resources from other portions of the Study Plan in
order to address this new component.
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EPA should also assess interbasin transfers of flowback and produced water in order to identify
possible water quality and quantity issues associated with such transfers. In addition, EPA
should assess additional sources of water quality impacts beyond those indicated in Figure 9a.

Specific Comments

The SAB recommends that EPA make certain adjustments to the hydraulic fracturing lifecycle
framework. First, EPA’s framework sheuld-take-a-broaderview with-regard-to-waterguantity
than-depicted in the-Figure 7—Fhat-breaderview should involve imbedding water fluxes
associated with hydraulic fracturing withintete water flows in the surrounding natural
hydrological cycle. To take this broader view, EPA should consider reformatting Figure 7 to put
a box around the block diagram that links to the hydrological cycle. Also, within the first block
of the framework (i.e., the water acquisition block), EPA should change the wording from
‘Water availability’ to “Water availability and environmental flows, flews™; and also change the
wording from ‘Impact of water withdrawal on water quality’ to ‘Impact on environmental fluxes

and water quality.’ gkt

The SAB agrees that assessing the water mass balance for any particular site or collection of
sites is an important undertaking and supports EPA’s efforts to conduct this analysis. The SAB
believes that EPA should initially focus this water mass balance assessment towards the case
study efforts. A critical issue associated with water mass balance is assessing and accounting for
the change in hydrologic/environmental flows. When assessing the water balance
interconnection between natural flow and flow associated with hydraulic fracturing activities, a
large water volume is removed and stored for hydraulic fracturing activities, and EPA should tie
that water into the broad hydrological cycle on a regional scale.

In addition, SAB recommends that EPA include feedback loops that assess interbasin transfers of
flowback and produced water, in order to identify possible water quality and quantity issues
associated with such transfers.

Regarding water quality impacts, SAB believes that some other sources of impacts beyond those
indicated in the Figure 9a should be assessed. Fer-example-First, when assessing the fate and
mass balance of potential contaminants associated with hydraulic fracturing operations, EPA
should consider the potential release of volatile organic contaminants and other contaminants to
the air, in order to close the mass balance. Such releases, with subsequent re-deposition, -could
potentially result in contamination of water supply sources, and thus their magnitude should be
estimated to determine if further study is warranted. Further, it is important to note that
unhealthy exposures can result from breathing air that is saturated with potable water (such as in
the shower), as well as through consumption. These indoor air exposures to potable water are
within the scope of traditional drinking water research and should be considered. and-itis
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| Itis also important to recognize that substantial credibility in the resuhts-impact analysis for
individual chemicals will result when complete mass balances (i.e., summations of transfers to
air, water, s0|I and other medla) are assessed MaddﬂMn%addmga IheéABre%gmmM

evalaatew—mpaetséeeead—twadmmEPA should also con5|der spatlal and temporal issues

are-relevant to assessing water quality impacts. The SAB recognizes that there are difficulties in
incorporating spatial and temporal issues into the water quality impact assessment, but EPA
should attempt to provide some boundaries for these issues to assist in determining what future

work may be useful. FheSA2-aloerecognizesthatemnndnethestudhrio-nelude niris not
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3.2. Research Questions

Charge Question 2: EPA has identified both fundamental and secondary research questions
in Table 2. Has EPA identified the correct research questions to address whether or not
hydraulic fracturing impacts drinking water resources, and if so, what those potential
impacts may be?

3.2.1. General Comments

EPA has identified a comprehensive set of research questions to address the primary
mechanisms and pathways that can allow hydraulic fracturing to impact drinking water
resources. The questions cover each step of the life cycle of a hydraulic fracturing process that
can impact drinking water and are appropriately focused on the unique aspects of hydraulic
fracturing that can lead to such impacts. The SAB believes that EPA’s overall approach is
adequate, and that EPA has identified the correct research questions to address whether or not

/[ Formatted: Font: Not Italic

hydraulic fracturing impacts drinking water resources. However, the SAB believes that EPA is
taking on an enormous challenge with limited budget and within a limited time frame. EPA
should conduct a well-focused study so that critical research questions are identified, approaches
are designed that will enable answering those questions, and analysis is included to validate the
conclusions that are reached. At the same time, EPA’s framework should take a broader view
with regard to water quantity than depicted in Figure 7, and link water fluxes associated with
hydraulic fracturing to water flows in the surrounding natural hydrological cycle. TF¥he SAB
provides suggestions for supplementing and revising the existing questions. These suggestions
are designed to explicitly recognlze e*phenkfkey issues that may not be adequately addressed in
the current questions-e

The SAB has overarching comments that may affect the primary and secondary research
questions and how they are answered at each life cycle stage. An important challenge facing the
study is the diverse nature of hydraulic fracturing operations around the country. The geological
setting, the hydrological setting, the community setting and the requirements and standard
operating procedures at each stage of the hydraulic fracturing life cycle vary across the country.
These differences can give rise to fundamental differences in the nature of the impacts to
drinking water resources. For example, the limited availability of reinjection wells in the
Marcellus Shale region gives rise to a completely different set of potential impacts to drinking
water than in areas where reinjection of produced waters is routine.

The SAB believes that the Study Plan provides inadequate detail on how to address the overall
research questions presented in Table 2 and discussed within the draft Study Plan, and that EPA
should present more specific research questions that could be answered within the budget and
time constraints of the project. To the extent that the Study Plan is being designed to inform
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decision-making related to an EPA regulatory framework, the framework should include specific
research questions aimed at this objective.

The SAB finds that the scenario evaluation does not, but should, cross all research questions.
The SAB notes that scenario evaluations beyond the case studies for water acquisition and
flowback water, and their modeling, would particularly assist EPA’s research effort.

A suggested area for additional specific research is on the capacity of microseismic data to
provide detailed information about extent of fracturing and to assist in the hydraulic fracturing
modeling (see discussion under Charge Question 4(c).

Potential impacts to drinking water may be the result of the hydraulic fracturing process or the
result of the manner in which it is implemented, including the manner in which site preparation
and drilling are conducted. Potential impacts to drinking water resources that are the result of
particular management practices should be identified as being linked to those management
practices. This would be most useful if there are sufficient data available to compare various
management practices. In retrospective case studies there is concern that it may not be possible
to obtain sufficient data to separate risks that may be associated with the various management
practices employed.

Another overarching issue is the importance of assessing uncertainty at each step in the research
study. Given time and resource constraints, the studies will not be able to answer all questions
with a high degree of certainty. The SAB recommends that EPA explicitly identify or estimate
the uncertainty or confidence in all research conclusions. The quality of the information on
which the research was based as well as any uncertainties arising in the conduct of the research
should be evaluated, at least in a preliminary manner. This is particularly true for case studies
and evaluations of current practices in that it is expected that these portions of the research will
be based upon grey literature sources that have not been peer reviewed or subject to the same
quality constraints that will govern the proposed studies. The need to collect proprietary
information may also limit the quality of the research product.

An additional overarching issue is that EPA needs to view the environmental concerns and issues
in the context of the local community;and-thatatapetential-outcomes should be identified by
EPA for environmental justice issues. eutcome-sheuld-be-identified-by-EPA-forenvironmental
justice-issues. As noted in Section 9 of the Study Plan, to address these concerns, EPA plans to
combine the data collected on the location of well sites within the United States with
demographic information (e.g., income and race) to screen whether hydraulic fracturing
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disproportionately impacts some citizens and to identify areas for further study. The SAB
believes this would effectively inform environmental justice discussions. The SAB recommends
that EPA formulate one or more specific Environmental Justice outcomes and research tasks for
achieving those outcomes related to this proposed activity, and describe these outcomes and

tasks i in the Study Plan. Geneemssueha&enwmnmen&alﬂsueeandmeeﬁeet&eﬁhydm

Another key component is the need to assess the impact of hydraulic fracturing in context with
other environmental challenges that mlght be faced by the communlty to develop a sense of the
cumulative impact. ,

The Study Plan should address the cumulative consequences of carrying out multiple HF
operations in a single watershed or region. While detailed research on cumulative impacts may
be beyond the scope of the current study, the incremental impacts of hydraulic fracturing
operations should be well characterized in the current study and a framework for assessment of
cumulative impacts should be established. This will provide the foundation for subsequent
assessment of total environmental exposures and risks, and cumulative impacts.

In addition, the SAB recommends that EPA clarify whether the research focus is on hydraulic
fracturing in shale gas production, conventional natural gas production, coal bed methane

production, or other types of hydraulic fracturing activity. fasertlinebreak]

As noted in the specific comments associated with this charge question, the SAB suggests that
EPA include several focused research questions associated with individual lifecycle stages. For
example, SAB recommends that EPA add a post closure/well abandonment phase as a new
component to Figure 7, and identify whether there is anything different regarding post
closure/well abandonment phase of hydraulic fracturing wells when compared to post
closure/well abandonment phase for other types of wells.

In addition to these general concerns, the SAB has a number of specific concerns noted below
associated with the research questions at individual lifecycle stages. Additional specific
comments on each of the lifecycle stages are included within this Report’s responses to Charge
Questions 4(a) through 4(e).

3.2.2. Specific Comments

Water Acquisition

The impacts associated with water acquisition are clearly related to the volume of water required
and the availability and quality of such water to the community impacted. EPA should assess
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the volume of water in context with the needs and availability of water to the surrounding
community, and a series of secondary questions should be added to reflect this. For example:
What are the depths of functional groundwater wells in the area of hydraulic fracturing and what
is the potential relationship between these wells and hydraulic fracturing activities both on the
surface and below ground?

The Study Plan proposes a sustainability analysis that will reflect minimum river flow
requirements and aquifer drawdown for drought, average, and wet precipitation years. Minimum
river flow requirements need to be determined as suggested, but also, more importantly,
“Wahatwhat are the environmental flow requirements?-”-2 Minimum flows and environmental
flows are quite different concepts. | Environmental flow refers to the amount of water needed in a

watercourse to maintain healthy ecosystems. Minimum flow is a level below which the amount
of flow in a specified watercourse should not drop at a given time. This term is also used in law
to denote water which is expressly dedicated to remain in the stream channel which should not
be diverted for other purposes. Adse-t These flow requirements should be determined based on
hydrological processes in the region where hydraulic fracturing is being practiced.

The Study Plan also emphasizes the relationship between water acquisition (related to
availability) and water quality. Additional questions should relate this relationship to different
sources of water. For example: How different will impacts of water withdrawal be on different

Comment [s19]: Perhaps we should explain
how, at least parenthetically To me these terms are
more or less synonymous, if environmental /
ecological considerations are taken into account in
determing minimum flows, as they ought to be. We
have be teaching this as the preferred practice for at
least 40 years now; but | don’t know how “minimum
flows” are actually established in practice. If
minimum flows are based on factors such as water
rights, to the exclusion of environmental
considerations, they would clearly be different.

water sources, e.g., different stream types (perennial and intermittent) and [Iakes, —and] their water _—{ comment [s20]: delete extra space

quality based on their different base geology?

The draft Study Plan should recognize the differences between acquiring low quality water that
is not considered a valuable resource to the community as opposed to displacing agricultural or
drinking water that could be used by the community. This is an area where the cumulative
impacts of well field development as opposed to single well impacts will be important. For
example, a secondary question addressing this might be: What are the cumulative effects of
water acquisition for multiple well sites relative to the effects of one or limited well sites?

Chemical mixing

The fundamental question in this area is focused on accidental releases during the mixing
process. The secondary questions appropriately emphasize the importance of the composition
and potential toxicity of the fracturing fluids. Similarly, the total volumes and the physical and
chemical properties of the constituents must be identified to address potential impacts at
subsequent life cycle stages. The total quantities and physical and chemical properties can also
be useful in subsequent evaluations of other issues not within the scope of the present study, for
example, air emissions from the chemical mixing operations. The SAB recommends that the
secondary question be expanded to explicitly recognize the need for information regarding
volumes and physical and chemical properties of the mixing components.

The potential toxicity of the fracturing fluids will likely be addressed primarily through literature
sources. The SAB strongly discourages using any of EPA’s limited resources for toxicity studies
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of chemical constituents. SAB recommends that EPA explicitly recognize this problem in the
framing of the secondary questions.

EPA should assess the likelihood of releases during chemical mixing and the relationship of the
frequency and volume of releases to best management practices to the extent possible. SAB
recommends that EPA add an explicit secondary question to address this need. For example:
Have different practices for chemical mixing resulted in different frequencies of spills and
different volumes of spills when they occur?

Well injection

This stage of the life cycle of hydraulic fracturing should be explicitly separated into well
construction and well completion. Drilling and cementing are construction activities whereas
fracturing is considered a completion activity. Well construction may lead to impacts on
drinking water resources and any weaknesses or failures in construction will lead to subsequent
problems during completion activities and/or operations. Well construction {ane-subseguent
post-use-closure)-could be considered another life-cycle stage for hydraulic fracturing so that the
potential impacts to drinking water resources could be addressed by specific research questions.
Since subsequent well-bore failure is likely associated with problems during construction, a
secondary question focused on the ability to detect and correct well-bore construction problems
prior to or during injection may be appropriate. A secondary question on the influence of
management practices, such as cementing casings all the way to the surface, should also be
included. For example: What have been the management practices relative to cementing casings
and what has been the history of failure of different practices? Refracturing a formation may put
additional stresses on a well, particularly if refracturing is conducted years after initial
construction. It may not be possible to address this in the proposed study, but any existing
evidence of this problem as a possible mechanism for drinking water impacts should be
reviewed.

The remaining secondary questions are appropriate for the well injection and operation portion
of the life cycle. The secondary questions should explicitly recognize, however, that the fate and
transport of substances of concern includes not only substances introduced by the fracturing
fluids but other substances that might be mobilized or rendered more toxic by the introduction of
the fracturing fluid. For example, will changes in redox conditions in the subsurface due to
fracturing fluid injection lead to redox changes and mobilization of metals such as arsenic,
selenium and chromium or encourage/discourage specific metabolic processes?

The volume and depth of injection relative to subsurface drinking water resources is an
important factor in the potential impact of the injection of fracturing fluids. As indicated
previously, placing these quantities in context (cumulative impacts of adjacent wells, differences
in geology and water availability, quality and location) is difficult given time and resource
constraints, but the study should attempt to do so to the extent possible. A specific factor in
some areas that may influence injection behavior is the presence of unplugged abandoned
histerical-wells. A secondary question is recommended that explicitly recognizes the need to
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place -results in the context of the local geology and history. For example: For example: What is
the relationship between well injection depths and impacts of injection fluids, con5|der|ng Iocal
geology and hlstorlc use as ewdenced for example by unplugged wells?

Comment [s21]: Wording is awkward and, to
me, unclear - though | get the overall gist of the

. . : . ) o question. Should this be plural - relationships
Since hydraulic fracturing occurs in the deep subsurface environment where it is difficult to among?

assess effects on ground water resources, the operation and injection life cycle of a

hydraulichydraulichydraulically fracturedinghydrauticfracturing well has significant

uncertainties. This lifecycle analysis is a critical component of the proposed study.

Flowback and produced water

The SAB believes that the draft Study Plan’s secondary questions in this lifecycle stage correctly
emphasize the importance of the composition of the flowback and produced water and its
variability. How the composition of the flowback and produced water may vary as a function of
management practices and local geology is important but difficult to assess given time and
resource constraints. EPA should address this question to the extent possible, including an
assessment of the uncertainty in the conclusions. A secondary question explicitly identifying
this as an area of concern may be appropriate. For example: What factors such as management
and local geology can be identified as primary drivers of composition of flowback and produced
water, and what is the uncertainty of this determination?

The SAB believes that given the constraints of time and funding, EPA should attempt to identify
the fate of fracturing fluid components that are deemed to be of highest priority that are
introduced with the injection. A specific secondary question that asks “Wwhatwhat fraction of
the injected components are returned to the surface and what is the likely fate of any components
not returned to the surface?”> may be appropriate.

As with chemical mixing, EPA should identify the cause and likelihood of spills or releases of
flowback or produced water, as well as management practices that reduce their likelihood or
mitigate their impact. It may be appropriate for EPA to expand the existing secondary questions
to explicitly identify the need for identifying the likelihood of spills or releases and the
effectiveness of mitigation practices.

Wastewater treatment and disposal

The form and potential impacts of wastewater treatment and disposal vary significantly with
local conditions and practices. The lack of available reinjection wells in the Marcellus Shale
area creates substantially greater concern for wastewater treatment practices in this area. EPA
should explicitly identify these variations across the country and include a secondary question
that recognizes the need to assess these variations. For example: How does the potential for
reinjection vary across the country and across geological formations where hydraulic fracturing
is practiced?
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Specific issues associated with wastewater treatment are not currently identified in the secondary

questlons Inorganic species such as-satinity-and-bromideas bromide and radionuclies, and

-as well as bulk parameters such as
salnity, tfor which conventlonal wastewaterkreatmend is largely ineffective, are of- major

concern. The presence of these constituents has also led to concerns about potential ecological
effects and effects on drinking water treatment downstream the(e.g., formation of brominated
disinfection by-products). The SAB recommends that EPA add a secondary question focusing
on these contammants of concern. \For example What is the potential for irerganic-species such
P for which conventional
wastewater treatment |s Iargely |neffect|ve (e g salmlty, bromlde radioactive inorganics); to

Ffanter dr|§ n‘klng water resources downstream from industrial water-ane-wastewater treatment
acilities?

Post closure/well abandonment

As noted in comments to charge question 1, SAB recommends that EPA add a post closure/well
abandonment phase as a new component to Figure 7. EPA should identify whether there is
anything different regarding post closure/well abandonment phase of hydraulic fracturing wells
when compared to post closure/well abandonment phase for other types of wells.
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3.3. Research Approach

Charge Question 3: The approach for the proposed research is briefly described in
Chapter 5. Please provide any recommendations for conducting the research outlined in
this study plan, particularly with respect to the case studies. Have the necessary tools
(i.e., existing data analysis, field monitoring, laboratory experiments, and modeling)
been identified? Please comment on any additional key literature that should be
included to ensure a comprehensive understanding of the trends in the hydraulic
fracturing process.

3.3.1. General Comments

EPA’s research approach involves application of a broad range of scientific expertise in
environmental and petroleum engineering, ground water hydrology, fate and transport modeling,
and toxicology, as well as many other areas, and use of case studies and generalized scenario
evaluations, to address the key questions associated with each of the five water cycle stages of
hydraulic fracturing.

The SAB believes that EPA has identified the necessary tools in its overall research approach as _—{ Formatted: Font: Times New Roman

outlined in the Study Plan to adequately assess potential impacts of hydraulic fracturing on \[Formaned: Font: Times New Roman

drinking water resources. However, the SAB provides several suggestions for improving the \( Formatted: Font: Times New Roman

(D

tools that have been identified and also offers suggestions for additional focused analyses. Fhe
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The SAB alse-believes that the Study Plan provided limited detail on anticipated data analysis,
management, and storage (including model simulation results), and recommends that the final
EPA-revise-the-draft Study Plan te-include such details. The SAB recommends that EPA
consider using existing data analysis methods rather than developing new methods due to time
and budget constraints. EPA should also carefully consider the quality of various types of data
that would be used within the analysis (industry data, local and non-industry data). It is
imperative for EPA to set a standard for use of data and prior research information (including
citations) that would support the present research effort. The SAB notes that while anecdotal
information may provide useful data, EPA should classify the data as such. The SAB also
suggests that EPA consider archiving samples for later use.

The SAB finds that the Study Plan generally overemphasizes case studies in the study approach,
and underemphasizes the review and analysis of existing data and the use of scenario analysis.
However, the SAB recognizes that case studies will likely provide accurate information on
hydraulic fracturing fluids and well operations, and difficulties associated with collecting
proprietary information may also limit the quality of the research product. The SAB believes
there is significant value to the synthesis of existing data, and that EPA should review all
available data sources to learn from what is already known about the relationship of hydraulic
fracturing and drinking water resources. The SAB also provides citations for additional
literature that EPA should consider to ensure a comprehensive understanding of the trends in the
hydraulic fracturing process and the potential impacts of hydraulic fracturing on drinking water
resources.

3.3.2. Specific Comments

In addition to the general comments provided above, the SAB specifically considered issues of
research approach including: partnering, the value of the case studies, the role of scenario
evaluation, the analysis of existing data, and the methods described for the research. The SAB’s
recommendations for each of these topics are provided below.

Partnering

Table A2 lists a significant EPA role in the research and some collaborators within the federal
agencies (U.S. Department of Energy National Energy Technology Laboratory, NETL, and U.S.
Geological Survey, USGS). Table F1 includes extensive collaborators for the case study work.
However, it is not clear what collaborators might be involved in the analysis of existing data, the
extent of the existing data, the laboratory studies or the scenario development and analysis.
While EPA has extensive expertise and the timeline is short on this study, the SAB recommends
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EPA consider expanding the research team to include researchers with experience in this area of
investigation (especially those with experience in well construction and fracturing operations).

Case Studies

The SAB generally agrees that the case study approach would be a useful endeavor, since case
studies could potentially provide high quality data from specific hydraulic fracturing sites related
to the core research questions to be answered. However, the draft Study Plan did not provide
adequate justification for the purpose of the case studies, link the expected results to the specific
research questions, or explain how models will be integrated among the different research
components. Thus, there was insufficient information to evaluate the likelihood of success from
this research approach. The SAB recommends that Table 1 be revised to include an additional
column indicating how case studies link to research questions.

The SAB believes it is uncertain whether useful case study results could be achieved within the
budget and schedule limitations. It is not clear that EPA will be able to find or conduct sufficient
case studies to provide answers to the current broadly defined research questions. Further, there
is concern that the number of case studies planned might be insufficient to span the range of
geological and hydrological regimes where drilling is active or anticipated. There is concern that
the case studies will ultimately be too limited in scope for results to be applied generally. Thus,
the Panel discussed the total number of case studies needed to yield useful data for the research
project, and whether a statistically acceptable number of case studies could be undertaken to
meet the research objectives;as-weH-as-coensiderissues-of epvironmentaljustice. The SAB did
not reach consensus on this point because the purpose of the case studies was not clear. The
SAB recommends EPA prepare a scoping document that provides clear budgetary framework for
the planned case studies.

The retrospective case studies described include 3-5 sites where possible drinking water
contamination was observed related to hydraulic fracturing. All the sites described are in small
geographic areas and represent potential groundwater contamination. No case study deals with
the potential effects of large scale, basin-wide disposal practices on drinking water resources.
The SAB recommends that EPA conduct at least one case study with this larger watershed-scale
focus. The SAB specifically suggests that EPA consider conducting a case study in the Ohio
River Basin of Southwestern Pennsylvania, since this is a location where such watershed-scale
drinking water impacts are suspected.

The prospective case studies appear to be at small geographic scale and, similar to the
retrospective case studies and, do not incorporate a watershed level approach. The SAB
expresses concern that the prospective case studies blid—do\ not have clearly defined boundaries.

For example, it iswaswas unclear if waste disposal willweuldwould be incorporated in the case
studies. The SAB recommends a full life cycle approach, as EPA has proposed for this project,
be applied to the prospective case studies, where life cycle includes the acquisition of water
through to -disposal of wastewater across multiple potential options. The case study plan
describes monitoring, but insufficient detail iswaswas provided to assess the suitability of the
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target chemicals. The SAB recommends that the case study monitoring plan target specific
measurements and not be developed as a general plan.

The SAB discussed the relative merit of prospective versus retrospective case studies, especially
given the budget constraints. After extensive discussion of the importance of the different
components of each type of case study, the Panel concluded that there iswaswas value in each.
While the difficulties of completing both case study formats within the limitsed of time and
budget available-was discussed, the SAB recommends EPA include both prospective and
retrospective case studies as planned because the studies address different questions and
perspectives. The SAB notes that retrospective studies conducted at sites with known
environmental and health issues would provide information on sources, fate and transport of
releases of hydraulic fracturing contaminants to the environment. The prospective studies will
help identify limitations of existing studies and data, what data are needed for future studies, and
situations where hydraulic fracturing would be less likely to present significant environmental or
health problems. The prospective studies would also provide useful information on water mass
balance, well drilling operations, treatment system performance, health and safety issues of
chemical mixing, and other issues. The SAB notes that while prospective studies may not
provide useful information on long term hydraulic fracturing performance in deep formations,
such studies may be helpful and representative for assessing impacts from hydraulic fracturing
operations that occur at the surface because techniques for assessing surface environments are
much better developed. The SAB recommends that EPA take a long view, and consider what
kind of data will be desired in ten years in order to design the data collection protocols for the
prospective studies. Further, the SAB notes that the selected case study locations must be
chosen based on reasonable, mechanistically possible contamination scenarios, incorporating
uncertainty.

Scenario Evaluation

The SAB notes that the scenario evaluation component of the research plan was not as clearly
articulated as the case studies. For example, it is unclear how “typical management and
engineering practices in representative geological settings” will be selected for scenario
generation or how system vulnerability will be incorporated into models. The Panel discussed
using scenario evaluations to examine “worst case scenarios” and establish boundaries for
subsequent research tasks. For example, if the worst case scenario in a given situation would
lead to nondetectable levels of contamination, then monitoring for contaminants in that setting
would waste precviousprevieus resources. If scenario modeling shows that ground water
contamination would occur only after a long period of time, then that scenario would use
additional scenario modeling rather than monitoring wells to assess potential groundwater
contamination. If scenario modeling shows that the greatest potential for contamination occurs
only during “start up” operations in a given area, that suggests a good location for a prospective
study with the monitoring designed to coincide with the onset of HF operations.

The SAB notes that the scenario evaluation focus does not cross all research questions
(according to the tables in the appendices of the EPA’s draft Study Plan). For example, the
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potential effects of water acquisition on drinking water quality are not included in scenario
evaluation. Since that potential effect is also not incorporated extensively in the case studies, the
SAB is concerned that it might be neglected. Similarly, no scenario evaluation is proposed for
research on flowback and produced water and its disposal. The SAB recommends that modeling
to evaluate scenarios be used across all research questions identified. Further, the SAB notes the
central role that modeling studies play in designing monitoring, laboratory work and even what
is addressed in the case studies. Scenario evaluation can be a unifying driver for the study by
integrating the different approaches to focus on a key set of answerable questions.
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Analysis of Existing Data

Although the draft Study Plan describes analysis of existing data as a key starting point for the
research plan, the details of this approach are unclear. Chapter 5 provides only brief details,
while Figure 9a shows this as a significant part of the draft Study Plan. EPA’s 2004 study
clearly documented the lack of existing data and thus EPA should identify what new data is
available and better articulate applicability of the new data to the research questions. The Panel
discussed at length the limitations of the small data set that will be generated from the limited
number of case studies that will be conducted in the available time and budget. These
limitations suggest the analysis of all existing available data will be even more critical to answer
the research questions identified. The SAB recommends EPA more carefully consider the nature
and extent of existing data in this field, and provide details of the planned analysis of these data.
For example, the SAB suggests looking at (1) data on existing source water conditions and the
water quantity and quality needed for ecological ("environmental™) flows, (2) data on existing
well technologies, and (3) data on existing disposal technologies.

Field and Laboratory Methods

Overall the draft Study Plan inadequately describesddeseribed the field and laboratory methods
that willweuldweuld be utilized and thus providesdprevided insufficient information to allow
full evaluation by the SAB. Field monitoring iswaswas not well described, and the laboratory
scale experimentation and analysis was only briefly described in the draft Study Plan. The
modeling components dodiddid not fully addressexplainexplain the physical
mechanismsmeehanism that could be encountered, such as density-dependent flows thermally-
|nduced flows, and surface—-water——-groundwater mteractlonsmteraeuen .

/{ Comment [s27]: Two sentences repeated.
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In several sections of the Study Plan, EPA recommends the development of separate analytical
methods for detecting chemicals associated with hydraulic fracturing events. buttThe SAB
concludes that there is insufficient time or resources to develop new analytical methods during
this study. The SAB recommends EPA employ known methods and use scenario modeling and
mass balances to identify worst case outcomes. It would be helpful if EPA identified
conservative or persistent indicator chemicals common to most or all fracturing fluids to narrow
the analytical focus.

3.3.3. Additional Literature
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Additional literature that EPA should consider to ensure a comprehensive understanding of the
trends in the hydraulic fracturing process, and the potential impacts of hydraulic fracturing on
drinking water resources, include the following:

Alberta Environment. Water management framework: Instream flow needs and water
management system for the lower Athabasca River. 2008. Alberta Environment and Fisheries
and Oceans Canada. July 31,2008.

http://environment.alberta.ca/documents/Athabasca_ RWMF_Technical.pdf.

American Petroleum Institute. Overview of Exploration and Production Waste Volumes and
Waste Management Practices in the United States. 2000. American Petroleum Institute.
http://www.api.org/aboutoilgas/sectors/explore/waste-management.cfm.

Chen, G., M.E. Chenevert, M.M. Sharma, and M. Yu. A study of wellbore stability in shales
including poroelastic, chemical, and thermal effects. 2003. Journal of Petroleum Science and
Engineering 38 (3-4): 167-176.

Chenevert, M.E., and M. Amanullah. Shale Preservation and Testing Techniques for Borehole-
Stability Studies. 2001. Journal of Society of Petroleum Engineers Drilling & Completion
16(3): 146-149.

Cheung, K., Klassen, P., Mayer, B., Goodarzi, F., and Aravena, R. Major ion and isotope
geochemistry of fluids and gases from coalbed methane and shallow groundwater wells in
Alberta, Canada. 2010. Applied Geochemistry 25: 1307-1329.

Clark, C.E., and J.A. Veil. Produced Water Volumes and Management Practices in the United
States. 2009. U.S. Department of Energy, Office of Fossil Energy, Argonne National
Laboratory National Energy Technology Laboratory, Environmental Science Division.
ANL/EVS/R-09/1. http://www.evs.anl.gov/pub/dsp_detail.cfm?PublD=2437.

Copeland, D., Fielder, R., Gadde, P., Griffin, L., Sharma, M.M., Sigal, R., Sullivan, R., and
Weiers, L. Slick Water and Hybrid Fracturing Treatments: Some Lessons Learned. 2005.
Journal of Petroleum Technology 57(3): 54-55.

Dayan, A., S.M. Stracener, and P.E. Clark. Proppant Transport in Slick-Water Fracturing of
Shale-Gas Formations. 2009. Society of Petroleum Engineers Annual Technical Conference
and Exhibition — October 4-7, 2009, New Orleans, LA.

Dewan, J.T., and Chenevert, M.E. A model for filtration of water-base mud during drilling:
determination of mudcake parameters. 2001. Petrophysics, 42 (3): 237-250.

Fertl, W.H. Abnormal Formation Pressures. 1976. New York, Elsevier, 382p.
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Fisher, K., and N. Warpinski. Hydraulic Fracture Height Growth — Real Data", SPE 145949. To
be presented at the 2011 Society of Petroleum Engineers Annual Technical Conference and
Exhibition (ATCE), October 30- November 2, 2011 in Denver, Colorado.

Fisher, K. Microseismic mapping confirms the integrity of aquifers in relation to created
fractures. Halliburton, Inc., and Pinnacle, Inc. http://www.efdsystems.org/Portals/25/2010-
11%20Microseismic%20Mapping_Kevin_Fisher.pdf.

Geertsma, J. 1989. Two-dimensional fracture propagation models. Recent Advances in
Hydraulic Fracturing. Society of Petroleum Engineers, Monograph Series #12: 81-94.
Richardson, Texas.

Geertsma, J., and F. de Klerk. A rapid method of predicting width and extent of hydraulically
induced fracture. 1969. Journal of Petroleum Technology 21 (12): 1571-1581.

Ghalambor, A., A. Syed, and W.D. Norman, editors. The Frac Pack Handbook. 2009. Society
of Petroleum Engineers.

Grunewald, B., D. Arthur, B. Langhus, T. Gillespie, B. Binder, D. Warner, J. Roberts, and D.O.
Cox. Assistance to Oil and Gas State Agencies and Industry through Continuation of
Environmental and Production Data Management and a Water Regulatory Initiative. 2002. U.S.
Department of Energy Office of Fossil Energy. Report Number DOE/BC/15141-1.
http://www.osti.gov/energycitations/purl.cover.jsp?purl=/794997-PNbtJn/.

Hubbert, M.K., and W.W. Rubey. Role of fluid pressure in mechanics of overthrust faulting, I.
1959. Geological Society of America Bulletin 70: 115-166.

King, G.E. Thirty Years of Gas Shale Fracturing: What Have We Learned. 2010. Society of
Petroleum Engineers Annual Technical Conference and Exhibition — September 19-22, 2010,
Florence, Italy.

Maxwell, S., Cho, C., and Norton, M. Integration of surface seismic and microseismic part 2:
Understanding hydraulic fracture variability through geomechanical integration. 2011.
Canadian Society of Exploration Geophysicists Recorder 36(2): 26-30.
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Mitchell, R.R., C.L. Summer, D.D. Bush, S.A. Blonde, G.K. Hurlburt, E.M. Snyder, S.A. Snyder
and J.P. Giesy. 2002. SCRAM: A Scoring and Ranking System for Persistent, Bioaccumulative,
and Toxic Substances for the North American Great Lakes: Resulting Chemical Scores and
Rankings. Human and Ecological Risk Assessment 8:537-557.

National Research Council. Management and Effects of Coal Bed Methane Produced Water in
the Western United States. 2010. National Academies Press - National Academy of Sciences -
Committee on Management and Effects of Coalbed Methane Development and Produced Water
in the Western United States; Committee on Earth Resources; National Research Council,
Washington, DC.
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Osborn, S.G., A. Vengosh, N.R. Warner, and R.B. Jackson. Methane contamination of drinking
water accompanying gas-well drilling and hydraulic fracturing. 2011. Proceedings of the

//[ Formatted: Font: Italic

National Academy of Sciences 108 (20): 8172-8176.

Powley, D. Pressures and hydrogeology in petroleum basins. 1990. Earth-Science reviews 29:
215-226.

Prudic, D.E. Evaluating cumulative effects of ground-water withdrawals on streamflow. 2007.
University of Nevada Reno. 347 pages. http://gradworks.umi.com/32/58/3258837.html.

Rahm, D. Regulating hydraulic fracturing in shale gas plays: The case of Texas. 2011. Energy
Policy 39: 2974-2981.

Rubey, M.W., and M.K. Hubbert. Role of fluid pressure in mechanics of overthrust faulting, I1.
1959. Geological Society of America Bulletin 70: 166-205.

Kargbo, D.M., Wilhelm, R.G., and Campbell, D.J. Natural gas plays in the Marcellus Shale:
Challenges and potential opportunities. 2010. Environmental Science and Technology 44:5679-
5684.

Larsen, B., and Gudmundsson, A. Linking of fractures in layered rocks: Implications for
permeability. 2010. Tectonphysics 492:108-120.

Sharma, M.M. Chapter 6: Formation Damage. 2007. Petroleum Engineering Handbook,
Volume 4 - Production Engineering. Society of Petroleum Engineers. pp 1-33. ISBN: 978-1-
55563-131-4

Sharma, M.M, and Zhai, Z. Modeling hydraulic fractures in unconsolidated sands. 2006.
Journal of Petroleum Technology 58(3): 54-55.

Smith, M.B., and J.W. Shlyapobersky. Basics of hydraulic fracturing. In Reservoir Stimulation,
3rd ed. 2000. Ed. M.J. Economides and K.G. Nolte. New York: John Wiley.

Snyder, E.M, S.A. Snyder, J.P. Giesy, S.A. Blondi, G.K. Hurlburt, C.L. Summer, R.R. Mitchell
and D.M. Bush. 1999. SCRAM: A Scoring and Ranking System for Persistent,
Bioaccumulative, and Toxic Substances for the North American Great Lakes. Part I. Structure
of the Scoring and Ranking System. Environmental Science and Pollution Research 7:51-61.

Snyder, E.M, S.A. Snyder, J.P. Giesy, S.A. Blondi, G.K. Hurlburt, C.L. Summer, R.R. Mitchell,
and D.M. Bush. 1999. SCRAM: A Scoring and Ranking System for Persistent,
Bioaccumulative, and Toxic Substances for the North American Great Lakes. Part Il.
Bioaccumulation Potential and Persistence. Environmental Science and Pollution Research
7:116-120.
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and Pollution Research 7:220-224.

Soeder, D.J. The Marcellus Shale: Resources and reservations. 2010. EOS, Transactions,
American Geophysical Union 91(32):277-278.

State Review of Oil and Natural Gas Environmental Regulations (STRONGER, Inc.)
http://www.strongerinc.org/index.asp.

Theodori, G.L. Community and Community Development in Resource-Based Areas:
Operational Definitions Rooted in an Interactional Perspective. 2005. Society and Natural
Resources 18:661-669.
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3.4. Proposed Research Activities - Water Acquisition

Charge Question 4(a): Proposed research activities are provided for each stage of the
water lifecycle and summarized in Figure 9. Will the proposed research activities
adequately answer the secondary questions listed in Table 2 for the Water Acquisition stage
of the water lifecycle? Please provide any suggestions for additional research activities.

3.4.1. General Comments

In order to address the research questions listed in Table 2 for the Water Acquisition stage of the
water lifecycle, EPA plans to conduct Retrospective and Prospective Case Studies, analyze and
map water quality and quantity data, and assess impacts of cumulative water withdrawals. The
SAB believes that the proposed activities will, in general, adequately address the research
questions associated with this lifecycle stage as outlined in Table 2. However, tFhe SAB
recommends that the draft Study Plan include an additional desired research outcome to collect
baseline data in a given area as part of a prospective case study before HF activity begins, so that
significant changes in water availability or water quality caused by HF activity can be more
readily documented. One outcome of this effort is identification of recommended baseline data
that should be collected before HF begins so that significant impacts can be more readily
observed after HF begins. EPA should consider developing a “vulnerability index” or a list of
criteria that could be used in the future to indicate situations where a water supply is vulnerable
to adverse impacts on water quality or quantity.

The SAB recommends that EPA’s list of analytes that would be studied to assess the impacts of
water acquisition and other HF activities on water quality should specifically include the
following constituents: hydrogen sulfide, ammonium, radon, iron, manganese, arsenic,
selenium, total organic carbon, and bromide. In addition, EPA should also assess the potential of
constituents in HF-impacted waters to form disinfection by-products (including trihalomethanes,
haloacetic acids, other halogenated organic compounds and disinfection by-products formed by
other disinfecting agents such as chloramines) in drinking water treatment.

In addition, the SAB believes that Maximum Contaminant Levels (MCLSs) established under the
Safe Drinking Water Act are not sufficient for assessing all potentially significant impacts on

38



O©CoOoO~NoO Ok WwWN PR

5/24/11 Draft discussion text for further deliberations at the SAB Hydraulic Fracturing Study Plan Review Panel
May 19, 2011 Teleconference-- Please Do not Cite or Quote --This draft is a work in progress, does not reflect
consensus advice or recommendations, has not been reviewed or approved by the chartered SAB and does not

represent EPA policy.

drinking water quality. The SAB recommends that EPA include in its analysis potential impacts
on water quality that do not involve MCL exceedances. EPA should also examine trends in
water quality associated with HF water acquisition and determine whether adverse impacts will
result if these trends continue.

The SAB has a number of specific comments noted below associated with this lifecycle stage.
Additional specific comments on the research questions for this lifecycle stage are included
within this Report’s response to Charge Question 2.

Advances in membrane desalination, increasing use of aquifer storage and recovery systems, and
regional water shortages are changing perspectives on what constitutes a source of drinking
drinking water. The SAB recommends that EPA not automatically exclude from consideration
potential impacts on a water source having more than 10,000 mg/L of total dissolved solids if it
could reasonably be anticipated to be a viable source of water supply in the future.

3.4.2. Specific Comments

The draft Study Plan does not explicitly address the obstacles private well owners and small
public water supply systems (PWSSs) may encounter if they experience adverse impacts on
water availability or water quality that they believe are related to HF activities. Unlike larger
users, private well owners and small PWSSs will generally lack the financial resources to hire
experts to prove that their water resources have been adversely impacted. This problem is
related to both management practices and environmental justice (as discussed in Section 9 of the
draft Study Plan), and is an issue for anyone whose private well is impacted. The SAB alse
recommends that the draft Study Plan include an additional desired research outcome to develop
a recommended protocol for collecting baseline data in a given area before HF activity begins, so
that significant changes in water availability or water quality caused by HF activity can be more
readily documented. EPA should consider developing a- “vulnerability index” or a list of criteria
that could be used to indicate situations where a water supply is vulnerable to adverse impacts on
water quality or quantity, such that further evaluation may be warranted.
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EPA’s list of analytes to be considered in studying the impacts of water acquisition (and other
HF activities) on water quality (Table G1) should explicitly include: 1) hydrogen sulfide, a toxic
and corrosive substance that also imparts a strongly offensive odor to air and water, exerts an
oxygen demand in streams, and exerts a high oxidant demand (e.qg., chlorine demand) when
present in a public water supply; 2) ammonium, a compound naturally present in many alluvial
aquifers and some deeper formation that exerts a large chlorine demand and is also toxic to many
aquatic organisms; 3) radon, a radioactive gas that could potentially be released into drinking
water by HF activities; 4) iron, manganese, arsenic, and selenium, constituents that may be
mobilized by HF activities, including water withdrawal; and 5) total organic carbon (TOC),
bromide and potential disinfection by-preduetspreduetsproduct precursors that can form
sproduets-nchuding trinalomethanes, haloacetic acids, and other halogenated organic
compounds when present in source waters that are treated with chlorine-based disinfectants.

The SAB believes that Maximum Contaminant Levels (MCLSs) established under the Safe
Drinking Water Act are not sufficient for assessing all potentially significant impacts on drinking
water quality. For example, changes in nutrient or carbon loading to a stream that do not directly
cause an MCL to be exceeded can still cause changes in water quality, such as increased
production of taste- and odor-causing compounds or disinfection by-product (DBP) precursors,
resulting in increased treatment costs or degradation of drinking water quality. An increase in
bromide in source waters may cause an increase in cancer risk (if more carcinogenic brominated
species are preferentially formed) even if the MCLs for DBPs are not exceeded. A significant
increase in the chloride concentration can cause considerableyeensiderably economic loss to a
community even if the secondary MCL for ketaLdisselwd—seHds—(TDSD of 500 mg/L is not

/{ Comment [s30]: already defined.

exceeded. Therefore, the SAB recommends that EPA include in its analysis potential impacts on
water quality that do not involve MCL exceedances—, such as measurable contamination or
water composition. EPA should also examine trends in water quality associated with HF water
acquisition and determine whether adverse impacts will result if these trends continue, e.g., if HF
water acquisition activities continue to increase in the area up to the maximum level that can be
reasonably expected.

The draft Study Plan states (p. 1) that EPA defines “drinking water resources” to include
underground sources of drinking water (USDWSs), which are defined in the glossary as aquifers
capable of supplying a public water system and having a TDS concentration of 10,000 mg/L or
less. It is reasonable to consider very deep, highly saline aquifers isolated from drinking water
resources as potential sites for waste injection, but shallower brackish waters are increasingly
being considered as potential sources of supply, especially in more arid areas of the U.S. Due to
advances in membrane desalination, even seawater is now considered as a potential source of
water supply, as exemplified by the membrane desalination plant operated by Tampa Bay Water
and similar plants being planned or designed in California, Texas, and other locations .
Furthermore, some relatively saline aquifers may be suitable for use in future “aquifer storage
and recovery” operations. The SAB recommends that EPA not automatically exclude from
consideration potential impacts on a water source having more than 10,000 mg/L of total
dissolved solids if it could reasonably be anticipated to be a viable source of water supply in the
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1 | future. The SAB is not proposing that EPA expand the scope of the study to intentionally look
2 | for opportunities to evaluate such cases.
3
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3.5. Proposed Research Activities - Chemical Mixing

Charge Question 4(b): Proposed research activities are provided for each stage of the
water lifecycle and summarized in Figure 9. Will the proposed research activities
adequately answer the secondary questions listed in Table 2 for the Chemical Mixing
stage of the water lifecycle? Please provide any suggestions for additional research
activities.

3.5.1. General Comments

In order to address the research questions listed in Table 2 for the Chemical Mixing stage of the
water lifecycle, EPA plans to conduct the following activities:

Conduct Retrospective and Prospective Case Studies. —

—
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The SAB believes that overall, these proposed activities will adequately address the research
questions associated with this lifecycle stage as outlined in Table 2. The SAB has some
suggestions for specific components of the research plan that could be strengthened as described
further below.

The SAB supports EPA’s proposed approach to analyze existing data rather than collecting
samples for analysis, and believes that EPA’s planned effort to gather data from nine hydraulic
fracturing service companies will likely provide sufficient information on the composition of HF
fluids provided the companies cooperate and supply the information in a timely manner. SAB
recommends that EPA also gather HF fluid composition data from state{s} collecting such data,
and consider the role that recycling and reuse of HF fluids will play in influencing both quantity
and composition of HF fluids.

Given the limits on ed avaitable-time and budget for the current project, the SAB believes that
in-depth study of toxicity is not possible, and thus supports EPA’s plan to evaluate the toxicity of
the selected constituents through existing databases. EPA should clarify which of the selected
constituents have no or limited available toxicity information within existing databases. SAB
recommends that EPA assess potential pathways of exposure to the public through drinking
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While it would be helpful if EPA developed indicators of potential contamination, it may be
difficult to achieve a practical indicator approach within the time allotted for the current study.
The SAB also believes that EPA should give low priority to development of analytical methods
for specific components for which there are no existing certified methods due to time and budget
limitations.

SAB generally supports EPA’s plans to identify factors that influence the likelihood of
contamination of drinking water resources. Although SAB believes that EPA will identify a
number of factors that influence the likelihood of contamination of drinking water resources, the
list of factors may not be complete, the project time and budget will not allow time for a
complete evaluation of the factors, and the results should not be generalized across all HF sites.

SAB does not believe that case studies alone will provide sufficient information regarding
effectiveness of mitigation approaches in reducing impacts to drinking water resources. SAB
suggests that EPA analyze data from HF service companies and states in order to provide
additional insight. The retrospective case studies may also be a source of useful information
about approaches that failed to prevent or control impacts.

The SAB has a number of specific comments noted below associated with this lifecycle stage.
Additional specific comments on the research questions for this lifecycle stage are included
within this Report’s response to Charge Question 2.

3.5.2. Specific Comments

What is the composition of hydraulic fluids and what are the toxic effects of these constituents?

The draft Study Plan indicated that the approach to be used in answering the question about
composition of hydraulic fracturing (HF) fluids and toxicity of the components will be to analyze
existing data. The SAB believes that EPA’s planned effort to gather data from nine hydraulic
fracturing service companies is an approach that is likely to answer the question on composition
of HF fluids, provided the companies cooperate and supply the information in a timely manner.
The SAB supports the analysis of existing data rather than reverse engineering of collected
samples of fluids. Appendix C of the Draft Plan indicated that all companies have agreed to
comply with the request and that information should be submitted by the end of January 2011.
The selected companies are likely to provide a comprehensive list given the size of the
companies and their geographic coverage. The level of detail requested should provide the EPA
with data adequate to answer the question. The SAB notes that a few states are collecting
relevant data either as a requirement of permitting (e.g., Wyoming) or on a voluntary basis (e.g.,
Pennsylvania) that can be of use to the EPA for this question. The SAB also recommends that
EPA consider the role that recycling and reuse of HF fluids will play in composition.

The SAB supports the EPA plan to determine the toxicity of the selected constituents by using
existing databases. The use of existing knowledge about the toxicity was endorsed by the SAB
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because of the short time available for the study and the limited resources. The SAB emphasizes
the importance of determining the potential pathways of exposure to the public through drinking
water. The SAB also supports the development of a prioritized list of compounds for which
toxicity is unknown but given the likelihood of exposure should be tested for toxicity. The SAB
notes that developing a first order hazard assessment for the components of HF fluids iswaswas
worthwhile, but that in-depth study of toxicity is not considered possible given the time and
funding constraints. Scenario modeling may be useful in developing the list of priorities for
future toxicity testing.

The SAB finds the development of potential chemical indicators of contamination an appealing
approach. The consensus of the SAB is that it may be difficult to achieve a practical indicator
approach within the time allotted for the study. The EPA can likely develop a list of possible
indicators for which analytical methods exist that can be tested in the prospective case studies
and scenario modeling. Tracers that can be added might be another tactic to consider but must
take into consideration public and industry concerns about such an approach.

The SAB also suggests that development of analytical methods for specific components for
which there are no existing certified methods should be given a low priority- due to cost and time
constraints.- The EPA should focus on existing methods for the near term effort and develop a
list of priorities for future efforts based on the first order hazard assessment.

In addition, the Ground Water Protection Council (GWPC) and the Interstate Qil and Gas
Compact Commission (IOGCC), with funding support from the U.S. Department of Energy
(DOE), unveiled a web-based national registry on April 11, 2011 disclosing the chemical
additives used in the hydraulic fracturing process on a well-by-well basis (www.fracfocus.org).
EPA should consider these data when assessing the composition and toxicity of HF fluids. The
information on the web site covers wells drilled starting in 2011. A fact sheet on the effort is
available from the State of Oklahoma (http://www.iogcc.state.ok.us/national-registry-provides-
public-and-regulators-access-to-information-on-chemical-additiv).

What factors may influence the likelihood of contamination of drinking water resources?

The SAB concludes that the EPA will be able to identify a number of factors that influence the
likelihood of contamination, but the list of factors may not be complete and should not be
generalized across all HF sites. The EPA indicated that it will analyze existing data and use the
retrospective case studies to answer this question. The SAB expresses support in general for the
planned approach to answering this question. The information request to the nine HF services
companies will likely provide input on some of the factors (e.g., total quantities used, chemical
and physical properties of components, etc.). The EPA will also search the existing literature for
research about potential contamination of drinking water resources using the list of chemicals
supplied through the information request. The states may provide information about the spills
that may have affected drinking water resources. The SAB supports EPA’s plan to develop a list
of the knowledge gaps about factors influencing the contamination of drinking water for future
research efforts. The SAB is concerned that several factors will be site specific and difficult to
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generalize across the range of geographical areas that are involved in HF activities. The SAB
suggests that the EPA will need a full understanding of all the activities involved such as the
cleaning of mixing vessels or tanker trucks and handling of the wash water. The SAB notes that
the prospective case studies are potentially useful in answering this question; however, the SAB
also notes that the best management practices examined in these case studies may-onby-provide
msgh%n%e—best_managemem—p#aeneesma%areW|IIa¥e not necessarily be used at other sitesipin

. The number of retrospective and prospective case studies that can be
evaluated in the given time will be limited, which will not allow for generalization from the data
gathered.

How effective are mitigation approaches in reducing impacts to drinking water resources?

The SAB expresses concern that the prospective case studies alone may-will not provide
adequate answers for this question. The partners involved in the prospective case studies will
likely follow best management practices and take extra precautions, thereforethereforethe impact
of which will be difficult to assess. —tThereforetherefore, these limited number of case studies
may-not are unlikely to provide answers about the management practices to mitigate impacts to
drinking water resources at a more typical HF site. The analysis of data supplied by the HF
service companies and states may be helpful in providing additional insight. The retrospective
case studies may be a source of useful information about approaches that failed to reduce
impacts.- However, overall the SAB is not convinced that this question can be adequately
addressed through the study plan.
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3.6. Proposed Research Activities - Well Injection

Charge Question 4(c): Proposed research activities are provided for each stage of the
water lifecycle and summarized in Figure 9. Will the proposed research activities
adequately answer the secondary questions listed in Table 2 for the Well Injection stage

of the water lifecycle? Please provide any suggestions for additional research activities.

3.6.1. General Comments

In order to address the research questions listed in Table 2 for the Well Injection stage of the
water lifecycle, EPA plans to conduct the following activities:

e Conduct Retrospective and Prospective Case Studies.

o Analyze well files
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e Test well failure and existing subsurface pathway scenarios,
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e Study reactions between HF fluids,
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e Identify known toxicity of naturally occurring substances,
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e Predict toxicity of unknown chemicals
e Develop Provisional Peer-Reviewed Toxicity Values (PPRTVSs) for chemicals of
concern.

seientificalhy-adequate—The SAB does not believes it will Aet-be possible to cover all facets of
the proposed research within the time allotted for the research activities and;-ang-recommends
that EPA narrow the scope of activities to specific case studies and site investigations and use a
wide variety of sources available to EPA in order to increase the success of the research

program. The SAB provides a number of specific suggestions for focusing EPA’s fundamental

and secondary research questions associated with this topic area. The SAB recommends that
EPA should research well drilling and cementing practices separately from the hydraulic
fracturing process. With the cooperation of service companies, full access to data, and careful
selection of case studies, the SAB believes that the proposed research can adequately address
most of the fundamental questions associated with possible impacts of the injection and
fracturing processes on drinking water resources-, even with this more narrow scope.-

The SAB has a humber of specific comments noted below associated with this lifecycle stage.
Additional specific comments on the research questions for this lifecycle stage are included
within this Report’s response to Charge Question 2.

3.6.2. Specific Comments

Fundamental Research Question
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The fundamental research question addressed under the topic of well injection is “What are the
possible impacts of the injection and fracturing process on drinking water resources?”
Addressmg the fundamental question involves establlshlng different degrees of risk. —from

—There are different risks dependent on Comment [JV33]: An example here would be
different geologlc and hydrogeologic conditions requiring a prioritization of research to be good. What do we mean by “manageable risk™

conducted. By conducting retrospective and prospective case studies as outlined in the draft
Study Plan the various risk factors and their interdependence can be evaluated. While not totally
encempassinencompassing gand thus unable to cover all possible impactsenrcompassing, the
research will aid in addressing the fundamental research question pertaining to possible impacts.

As a starting point, the SAB recognizes that there are three escape mechanisms during well
injection such that fer-contaminants that-might affect drinking water: escape through the well,
through the cementing-praetice surrounding the well, and as a results ofthreugh various steps of;
and-threugh the hydraulic fracturing process itself. Assuming drilling and cementing practices
for HF wells are not different from other industry uses Fthe consensus of the Panel is that well
drilling and cementing practicespractice be researched separately from the hydraulic fracturing
process itself. In doing so, the SAB believes itis-essential-that-the EPA prioritize-theresearch-to
address-the-fundamental-can focus on the question of the potential influence of the hydraulic
fracturlng process on drlnklng Wwater resources and contamlnatlon of aqwfersgwen&heeha#ge%e

As discussed in Section 3.7 of this Report, the SAB anticipates that an important opportunity for
human health exposure is likely to be through exposure to liquids that are brought back to the
surface during hydraulic fracturing operations, such as during surface water management of
flowback and produced waters and during disposal of treated waste water. In addition, since
groundwater can potentially be contaminated by HF in a number of ways (including leakage
from storage, leakage from the injection wells, leakoff during hydrofracking potentially along
faults or up abandoned wells, and seepage into the ground if land applied), potential groundwater
contamination is another important opportunity for human health exposure. EPA will be
obtaining information as the study progresses and should use its expertlse to set priorities for

these and other pathways as needed

Comment [JV34]: Again, | think we should
confirm this is the consensus view of the panel.

The SAB also recognizes that while discharges to surface water tend to be transient, groundwater
contamination ismay be more likely to lead to long-term contamination and long-term exposure.
In addition, surface water contamination is much more likely to impact relatively large water
utilities that are better able to monitor both raw and finished water quality, to recognize that
contamination is occurring, and to treat or address such contamination. In addition, groundwater
is preferentially used as a source of supply by smaller utilities and communities (including rural
communities) and by the overwhelming majority of non-community water systems. Many such

47



O©oOo~NoO Ok WwWN PR

5/24/11 Draft discussion text for further deliberations at the SAB Hydraulic Fracturing Study Plan Review Panel
May 19, 2011 Teleconference-- Please Do not Cite or Quote --This draft is a work in progress, does not reflect
consensus advice or recommendations, has not been reviewed or approved by the chartered SAB and does not

represent EPA policy.

supplies are only minimally monitored, and their owners often lack the resources to
independently protect the aquifers from which their supplies are drawn. Unlike surface waters,
groundwater is susceptible to contamination by methane and radon; and groundwater is more
susceptible to contamination by VOCs, including the BTEX compounds that have reportedly

| been used at times to prepare HF fluids and that may be present in the formation.

Secondary Research Questions

Discussion under item 4(c) focused on four secondary research questions:

1) How effective are well construction practices at containing gases and fluids before, during
and after fracturing?

The SAB believes that EPA’s research activities regarding well construction practice should be
split into two categories — the drilling, -ard-cementing and completion practices (i.e., well bore
integrity during construction) versus wel-integrity-during-the fracturing process itself.
Regulatory agencies in some states may have access to data on well bore integrity that can
enable the EPA to address specific examples of well bore and well failure. The SAB suspects
that the data will be “spotty’, however, and may vary from state to state. The value of ‘mining’
such data may be in the retrospective case studies to evaluate risk. It will be area- and site-
dependent. In addition, there are thousands of underground injection wells currently that are
controlled by the Underground Injection Control Program (UIC) that can shed light on the
general topic of well bore and well integrity.

EPA-should-revise-theThe final-Study Plan should te-define the data that would be collected to
assess well failure and te-relate relevant factors particularly associated with HF operations into a
risk assessment model. The final-Study Plan should also be specific about how the frequency of
well failures will be determined because the method to be used is not obvious in the draft Study
Plan. The well architecture itself is shifting away from vertical wells to highly deviated wells
with multi-zone completions. EPA may have to specifically focus and direct its research
activities based on well type in order to adequately evaluate the effectiveness of well
construction practices and the risk of contamination of groundwater resources.

The hydraulic fracturing process needs to be addressed separately. The SAB recommends that
EPA conduct research on factors such as depth of the hydraulic fracturing and proximity to
underground aquifers, the geology of the subsurface, the hydrogeologic framework, stresses in

| the subsurface, the fluids and their amendments used in the process, and the interaction with the
rock and fluids in the subsurface. By addressing these factors in a systematic manner through
the use of case studies, modeling and laboratory analyses, risk assessment modeling may be

| undertaken to prioritize risk related to the HF process itself.

In the case studies EPA could provide special focus on the key factors necessary in establishing a

risk assessment model. A shortcoming of this approach is that typical risk assessments do not
| include the potential for catastrophic failure (e.g., earth motions competent to break water supply
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| lines). Treating end members within a risk assessment model can aid in creating transparency
and hazard preparedness. Modeling the hydraulic fracture process through finite difference or
finite element mathematical modeling may give insights into criteria for establishing risk.

| Finally, EPA should be sure to include identify-and-choose-case study sites where hydraulic
fracturing is being conducted in relatively shallow environments in proximity to drinking water
aquifers. Microseismic monitoring, if available, could be used to help create appropriate fracture
models. In areas of variable topography, underground mining, or in karst regions within the
subsurface, stress variances can induce a variation in fracture growth.

2) What are the potential impacts of pre-existing artificial or natural pathways/features on
contaminant transport?

The SAB generally agrees that geologic and hydrogeologic characterization is necessary, but
notes this is a difficult task to undertake and complete with sufficient detail to inform subsurface
transport models especially within the limits on ed-budget and time for the study. The SAB
recommends that EPA’s first step should be to focus on specific areas where the most complete
data on these topics are available. The SAB also suggests that EPA use the resources of other
governmental agencies such as the U.S. Geological Survey to address subsurface
characterization and to establish analogous injection sites (e.g., carbon dioxide sequestration
projects). Site characterization is an essential ingredient of determining the viability of sites to
store carbon dioxide. The U.S. Department of Energy may be able to provide EPA with
information on stresses in the subsurface, which is a significant factor to consider. It is also
essential for EPA to establish stress profiles and determine the mechanical stratigraphy and
hydrological properties of the case study areas. Generally, the data are available to engage in
site characterization as part of the case studies that will be selected and undertaken.

The SAB believes that a major concern to be addressed is the presence of faults in the
subsurface. Not all faults are transmissive in nature, and numerous studies have documented
faults as seals or sealing faults. The SAB notes that a key concern is what happens when there is
injection near a fault. Generally, it is industry practice to avoid faults by conducting reflection
seismic profiling to identify faults. These studies are often conducted for purposes of
geosteering to avoid faults and drilling out of zone. However, sub-seismic faults exist, making it
difficult to avoid faults altogether. Microseismic monitoring can assist in determining what
happens if a hydraulic fracture is conducted near a fault. EPA should consider gathering
available seismic profile data to assist in evaluating the potential for releases to underground
sources of drinking water. Whether or not the fault is transmissive requires other forms of study
including transient pressure testing.

| The SAB recommends that EPA identify a shallow site known to havewith- faults as one of the
prospective case studies. The SAB expresses concern about fracture fluids propagating in fault
and fracture zones. These fluids can occur in gaseous or liquid state and have different mobility
and flow characteristics. Mobile gases can move along fault and fractures zones in a relatively
short time; liquids will take longer to move than gases. Different fluids create different potential
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problems and a variety of scenarios needs to be investigated. The SAB suggests that EPA focus
additional research on the different fluids associated with the hydraulic fracturing process. The
SAB recommends that EPA conduct soil geochemistry studies which may shed light on the
question of vapor gas-transport associated with the hydraulic fracturing process.

The SAB recognizes that the use of a chemical tracer may aid the monitoring effort, but notes
that the tracer would have to be carefully and judiciously chosen. The tracer design must be
unique, unambiguously related to the hydraulic fracturing process, uniquely identifiable, readily
measurable at substantial dilutions, non-toxic and non-reactive.

The SAB believes that long term monitoring is preferred over short term monitoring with respect
to monitoring of HF impacts on water resources. The SAB recognizes that EPA may have
difficulty in precisely determining cause and effect associations within the monitoring networks,
for various reasons. If fractures are only opened during the hydraulic fracturing process, a very
short time period for mobilization can occur. In low permeability formations, however, it may
take considerable time for pressure to abate. Fluid flow in these low permeability reservoirs is
non-Darcy flow involving diffusion. Upon production, pressure drawdown occurs and fractures
close over time.

In addition, abandoned wells and mines are potential primary conduits to near surface aquifers as
well as surface waters. The identification of abandoned wells is problematic, and the SAB
recommends that EPA assess the role these wells and old mine workings play in certain parts of
the country relative to hydraulic fracturing operations.

3) What chemical/physical/biological processes could impact the fate and transport of
substances in the subsurface?

The SAB highly recommends that EPA pursue effortseenduct-activities to identify the
chemicals used in the hydraulic fracturing process and their chemical and physical properties.
Biological processes and the details regarding how the biological impact will be investigated are
unclear in the draft Study Plan.-—

In addition, the chemicals contained in the flowback or produced waters need to be analyzed. A
major concern is the interaction of the fracturing process with the chemicals within formations
and whether this interaction increases the potential for contamination of water resources in a
given area. This disclosure would aid in the determination of risk factors and assist the
development of a risk assessment process. To focus on toxicity issues, the primary composition
of the chemicals used in the hydraulic fracturing process and their interaction with the natural
compounds in the subsurface need to be addressed in this study. Research should also address
the potential transformations degradation-of these products and reactions over time. The Study
Plan implies that this research would only involve laboratory studies. The SAB believes that the
results may not be representative of what happens in the field. SAB recommends that analysis of
samples collected in conjunction with the case studies be included in answering this question in
addition to the laboratory studies. SAB also recommends that modeling be conducted to assist in
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answering this question, if there are models available that can predict the decomposition
products from reactions of HF fluids with formation materials.

4) What are the toxic effects of naturally occurring substances?

EPA’s proposed research activities can answer the question about the known toxic effects of
naturally occurring substances that have been evaluated previously (e.g., radon, hydrogen
sulfide, and selenium) by compiling existing toxicity information. The SAB cautions EPA on
spending resources on predicting the toxicities of substances, unless EPA knows that the
probability of exposure to a particular substance is high. The SAB also notes that Table 5 is
fairly general and does not include radon or ammonia and that Table D2 should be included in
the discussion in Section 6.3.5. If EPA uses predictive toxicology tools, EPA should also
include some description of data quality associated with such tools (human data versus structure
activity relationships, SAR). Hence, the SAB recommends that the level of effort using
predictive toxicology tools should be limited and only be pursued if there is a high likelihood of
exposure (both frequency and concentration) to specific substances from hydraulic fracturing
activities. If exposure to specific substances is extremely unlikely, this activity should not be
undertaken or should have a low priority.

As mentioned in the previous paragraph, the SAB, however, recommends that the level of effort
using predictive toxicology tools should be informed by the likelihood of exposure (both
frequency and concentration) to specific substances from hydraulic fracturing activities. If
exposure to specific substances is likely, this activity is worthwhile. If exposure to specific
substances is extremely unlikely, this activity should not be undertaken or should have a low
priority.

Two other potential products of this research activity are to prioritize a list of chemicals
requiring further toxicity study and to develop Provisional Peer-Reviewed Toxicity Values
(PPRTVs) for chemicals of concern. The SAB also recommends that these activities have a low
priority if exposure to a substance is not likely and/or levels of exposure are minimal (e.g., parts
per trillion). For prioritizing chemicals for further study, EPA should review the process it used
to develop its most recent Contaminant Candidate List (CCL) and apply any lessons learned.
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The SAB also recommends that EPA consider hazard broadly and include risks that these
substances may have (explosions) that are not due to toxicity. EPA should also acknowledge
importance of any aesthetic impacts that both naturally occurring and well-injection derived
substances may have on drinking water quality.

Suggestions for Additional Research Activities

The SAB provides the following suggestions for additional research activities:

1) Conduct a case study involving seismic and groundwater monitoring in a highly stressed area
involving faults within 1000 feet of wells undergoing hydraulic fracture treatment. The
purpose of this recommendation is to emphasize the complex interplay between natural
fractures within a formation and its response to hydraulic fracture treatment. In shales in
particular, the stress-dependance of the permeability of natural fractures, as well as the
permeability generated by shear fracturing that may develop, are the dominant features that
control fluid flow and potential fluid mobility pathways. See Maxwell, et al (2011).

a hiah
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2) ldentify and characterize common and best practices for well construction (e.g., casing
design, construction under different scenarios, settings, failure rates, life expectancies, and
performance of cements under a variety of hydraulic fracturing conditions), and determine
whether such practices meet minimum standards from a public water supply perspective.
EPA should consider gathering available information on this topic from the American
Petroleum Institute and the National Ground Water Association.

3) Research fluids and fluid movements associated with hydraulic fracturing in terms of
mobility. There are gaseous and liquid states, different flow paths, different flow
mechanisms, and potentially even “hybrid” reactions under different temperature and
pressure regimes.

4) Review Tables 5, D2 (needs to be included in section 6.3.5), and D3 for completeness (e.g.,

radon is notl ]includedD. In the future, tFoxicity studies, if exposure is likely, may need to be Comment [E36]: Steve Randtke: To be
undertaken.

consistent with numerous earlier statements, in
which we recommended against toxicity “tests,” we
might want to be a bit more specific as to what types
of “studies” we are recommending here.

*{ comment [JV37]: This is directly opposed to our
recommendation earlier that EPA NOT engage in
toxicity studies.
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Maxwell, S., Cho, C., and Norton, M. Integration of surface seismic and microseismic part 2:
Understanding hydraulic fracture variability through geomechanical integration. 2011.
Canadian Society of Exploration Geophysicists Recorder 36(2): 26-30.
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3.7. Proposed Research Activities — Flowback and Produced Water

Charge Question 4(d): Proposed research activities are provided for each stage of the
water lifecycle and summarized in Figure 9. Will the proposed research activities
adequately answer the secondary questions listed in Table 2 for the Flowback and
Produced Water stage of the water lifecycle? Please provide any suggestions for
additional research activities.

3.7.1. General Comments

In order to address the research questions listed in Table 2 for the Flowback and Produced Water __—{ Formatted:

Font: Not Italic

stage of the water lifecycle, EPA plans to conduct the following activities:
e Conduct Retrospective and Prospective Case Studies
e Compile list of chemicals found in flowback and produced water,
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e Identify or develop analytical methods,
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e Review scientific literature on surface chemical spills,
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Investigate scenarios involving contaminant migration up the well,
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e Identify known toxicity of HF wastewater constituents,

e Predict toxicity of unknown chemicals

e Develop Provisional Peer-Reviewed Toxicity Values (PPRTVs) for chemicals of
concern.

The SAB believes that overall, these proposed activities will adequately address the research
questions associated with this lifecycle stage as outlined in Table 2. The SAB has some
suggestions for specific components of the research plan that could be strengthened as described
further below.

The SAB anticipates that an important opportunity for human health exposure is likely to be
through exposure to liquids that are brought back to the surface during hydraulic fracturing
operations, such as during surface water management of flowback and produced waters and
during disposal of treated waste water. In addition, since groundwater can potentially be
contaminated by HF in a number of ways (including leakage from storage, leakage from the
injection wells, leakoff during hydrofracking potentially along faults or up abandoned wells, and
seepage into the ground if land applied), potential groundwater contamination is another
important opportunity for human health exposure. EPA will be obtaining information as the
study progresses and should use its expertlse to set prlorltles for these and other pathways as
needed y A

The SAB recommends that EPA define and differentiate flowback and produced water in the
| ‘main body of the Study Plan, and clearly distinguish such waters-from-otherwater-used-during
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The SAB supports EPA’s plan to gather information on the composition of flowback and
produced water from the hydraulic fracturing process as much as possible from currently
available data. The SAB recommends the collection of water quality data from specific points in
time and from carefully selected locations, including the ongoing studies on the quality of
surface waters in the regions with significant hydraulic fracturing activity. EPA should evaluate
quality assurance/quality control (QA/QC) aspects of the studies that would be assessed or
conducted by EPA.

The SAB recommends that EPA consider the use of a risk assessment framework to assess and
prioritize research activities for the lifecycle stages of flowback and produced water. The SAB
recommends that EPA focus on potential human exposure, followed by hazard identification if
sufficient time and resources are available. The SAB anticipates that an important opportunity
for human health exposure is likely to be through exposure to liquids that are brought back to the
surface during hydraulic fracturing operations, such as during surface water management of
flowback and produced waters and during disposal of treated waste water. In addition, since
groundwater can potentially be contaminated by HF in a number of ways (including leakage
from storage, leakage from the injection wells, leakoff during hydrofracking potentially along
faults or up abandoned wells, and seepage into the ground if land applied), potential groundwater
contamination is another important opportunity for human health exposure. EPA will be
obtaining information as the study progresses and should use its expertise to set priorities for

these and other pathways as needed Ihe%ABanHerpatesthaHhepmhweppeﬁdmty#er

Howback-and-produced-waters-The SAB recom

this time.

mends that EPA not conduct toxicity testing at

The SAB has a humber of specific comments noted below associated with this lifecycle stage.
Additional specific comments on the research questions for this lifecycle stage are included
within this Report’s response to Charge Question 2.
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(literally) demarcated by the onset of gas production.
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3.7.2. Specific Comments

The SAB suggests the handling of liquids that are brought back to the surface during hydraulic
fracturing operations, such as during surface water management of flowback and produced
waters and during disposal of treated waste water, the-flowback-and-produced-water
representsrepresent the-mesttkehran important route of exposure and has potential for adverse
widespread environmental impacts from the development of unconventional gas resources-en-a
nationaevel. This is particularly true in situations where Class Il Underground Injection
Control (UIC) wells are not the main disposal alternative. A lifecycle approach is an important
component of this study, and this lifecycle must be correctly characterized. This requires a
distinction between flowback and produced water and an incorporation of the issue of recycling
in the overall water management strategy. Both flowback and produced water potentially
contain both harmful and non-harmful chemical products. The SAB suggests that EPA clearly
define and differentiate flowback and produced water in the body of the Study Plan. While there
is a continuous evolution of the quality of water returned to the surface, operational definitions

(as |ncluded in the Study Plan glossary) can be applled IheéAB—suggeetsthat—EFlA—deﬁﬂeend

as—pest—#aetuﬂﬂg—predeeed-water—After hydraulrc fracturrng occurs, brrne from the fractured

formations begins to flow back. At the outset the flowback water is comprised mainly of the
liquids that were injected, and those liquids are also mixed with in-situ or “connate” water. As
flow continues, the volume declines and more and more of the flowback water content is
naturally occurring brine. Each gas shale play is different — with some wells showing less than
30% recovery of the injected liquids while other wells easily recover 70% of the injected liquids.

In addition, since groundwater can potentially be contaminated by HF in a number of ways
(including leakage from storage, leakage from the injection wells, leakoff during hydrofracking
potentially along faults or up abandoned wells, and seepage into the ground if land applied),
potential groundwater contamination is another important opportunity for human health
exposure. EPA will be obtaining information as the study progresses and should use its expertise
to set priorities for these and other pathways as needed.

The SAB recommends that EPA consider the use of a risk assessment framework to assess and
prioritize research activities for the lifecycle stages of flowback and produced water. The SAB
further believes that EPA should conduct a risk assessment paradigm analysis (i.e., hazard
identification, dose-response assessment, exposure assessment, and risk management) for each
lifecycle stage and use the paradigm to assist in problem formulation. Consequently, it is
expected that the main outcomes of this study would be less deterministic and more probabilistic
in nature. The SAB recommends that EPA focus on potential human exposure, followed by
hazard |dent|f|cat|on |f sufficient time and resources are avarlable Ihe%A&emphas&ed—that—the
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I also think we should avoid trying to redefine these
waters as “post-fracturing produced water” (lines 14-
15), as this would only further cloud the picture.
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| managementof flowback-and-produced-waters. The SAB also suggests that there is no need to

conduct toxicity testing at this time.

The SAB agrees with EPA that it is very important to gather information on the composition of
flowback and produced water from the hydraulic fracturing process, to the extent these data are
currently available. EPA should consider contacting Publicly Owned Treatment Works
(POTWSs) who accept this water for treatment, accessing the Colorado Oil and Gas Commission
database, and assessing ongoing U.S. Department of Energy National Energy Technology
Laboratory projects, particularly since the sampling and analysis to be conducted as part of this
study would be rather limited. Within the human exposure assessment, EPA should assess
which chemicals are of primary concern and their probability for transport in groundwater and
air. The SAB recommends that water quality data be collected from specific points in time and
from carefully selected locations, including the ongoing studies on the quality of surface waters
in the regions with significant hydraulic fracturing activity. In cases where actual concentrations
of contaminants are needed to assess potential environmental impacts, including toxic effects, it
would be necessary to validate QA/QC aspects of the studies that collected these data. It is
expected that the prospective case studies would follow requisite QA/QC protocols.
Development of new analytical techniques may be beyond the capability of the proposed study
in terms of time and budget; there is likely sufficient information in the literature to utilize when
conducting sample collection and analysis as part of this study.

The Study Plan appears to emphasize the focus of study and research towards shale formations,
but also notes that coal bed methane and other types of hydraulic fracturing are to be considered
(see page 4, section 2.3). The Study Plan should clarify and specify the research focus for this
lifecycle stage (e.g., whether the focus for gathering information is on hydraulic fracturing in
shale units, natural gas production, coal bed methane production, other types of hydraulic
fracturing activity, or a combination of the above).

The SAB suggests a number of specific research questions under the response to Charge
Question 2, and provides a few additional suggested specific research questions:
¢ Inventory types of water being used in hydraulic fracturing to answer questions regarding
how much high quality water is being used (e.g., water less than 10,000 mg/L Fetal
Dissolved-SelidsTDSSelids) vs. lower quality waters.

¢ Inventory flowback and produced water quality for different geographic regions and by
HF product used to facilitate specific environmental monitoring and improve reporting
outcomes as well as to inform first responders in the case of spills and leaks and to
develop necessary management (treatment) approaches as a function of ultimate disposal
alternatives.

e Consider normal industrial practices at coal bed methane hydraulic fracturing facilities.
These facilities have documented best management approaches for produced waters, and
also have identified boundaries for use of and expectations associated with produced
water quality and hazard scenarios and spills.
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Assess industry practices on containment technologies and releases from pits and liners
with leaky seals, and describe the “best management practices” for handling flowback
and produced water during storage and transport.

The SAB suggests that identification of potential for leaks and spills during storage and
transport should be based on documented events in the past, which can serve to assess the
probability for the release of contaminants during different stages of flowback and
produced water management provided that trends in management practices are taken into
consideration.

Assess potential adverse environmental impacts associated with buried pits and
impoundments through evaluating the quality of soils and groundwater near such
structures.

The SAB suggests that the disposal of flowback and produced water to existing POTWs
and Centralized Waste Treatment (CWT) facilities needs to be evaluated in terms of the
fate of key constituents (e.g., chloride, bromide, radium) that may be relevant for
drinking water treatment facilities downstream of these wastewater treatment plants.

58



5/24/11 Draft discussion text for further deliberations at the SAB Hydraulic Fracturing Study Plan Review Panel
May 19, 2011 Teleconference-- Please Do not Cite or Quote --This draft is a work in progress, does not reflect
consensus advice or recommendations, has not been reviewed or approved by the chartered SAB and does not

represent EPA policy.

3.8. Proposed Research Activities - Wastewater Treatment and Waste Disposal

Charge Question 4(e): Proposed research activities are provided for each stage of the
water lifecycle and summarized in Figure 9. Will the proposed research activities
adequately answer the secondary questions listed in Table 2 for the Wastewater
Treatment and Waste Disposal stage of the water lifecycle? Please provide any
suggestions for additional research activities.

3.8.1. General Comments

In order to address the research questions listed in Table 2 for the Wastewater Treatment and

/[ Formatted: Font: Not Italic

Waste Disposal stage of the water lifecycle, EPA plans to conduct the following activities:
e Conduct Retrospective and Prospective Case Studies
e Assess existing data on treatment and/or disposal of HF wastewaters
e Identify HF chemical constituents that create disinfection byproducts
e Evaluate potential impacts of high chloride concentrations on drinking water utilities

The SAB believes that overall, these proposed activities will adequately address the research
questions associated with this lifecycle stage as outlined in Table 2. The SAB has some
suggestions for specific components of the research plan that could be strengthened as described
further below.

The Panel strongly recommended the use of scenario modeling, in concert with both
retrospective and prospective case studies, to “define the boundaries” for activities under this
portion of the water lifecycle. If dilution is potentially inadequate, then adverse impacts are
possible and additional treatment may be needed. Scenario modeling involving simple mass
balances should be conducted as a first order effort to determine if or when dilution constitutes
adequate “treatment.” EXisting practice in some areas is to discharge return flows to wastewater
treatment plants and to rely on dilution to “treat” a number of constituents not removed by
conventional wastewater treatment processes, such as TDS, chloride, bromide, and non-
biodegradable organic matter. For these constituents, simple calculations can be done to
estimate effluent and downstream concentrations, which can then be evaluated for their potential
to cause adverse impacts (not only to humans, via drinking water supplies, but also to other
receptors in future studies).

Hydraulic fracturing return flows contain many constituents that are similar to those for which
treatment technologies exist within the state of practice of industrial wastewater treatment. For
those constituents, SAB believes that EPA should conduct a thorough literature review to
identify existing treatment technologies that are currently being used to treat HF wastewater,
identify knowledge relevant to hydraulic fracturing return flows, and identify constituents of HF
return waters that might merit additional attention. SAB recommends that EPA review the
documented data in the retrospective case studies to assess the efficacy and success of industrial
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wastewater treatment operations and pre-treatment operations for hydraulic fracturing return
flows. Only a limited number of Publicly Owned Treatment Plants (POTWSs) have the ancillary
treatment technologies needed to remove the constituents in hydraulic fracturing return waters.
SAB recommends that EPA focus its efforts towards literature searches on POTW and industry
management practices that can minimize the adverse effects associated with certain constituents

such as tetal-dissohved-sohids{FBS)TDS,); natural organic matter (NOM), bromide, and
radioactive species,+ather-than-on-characterizing-these-effects. In addition, EPA should assess

the need for any special storage, handling, management, or disposal controls for solid residuals
after treatment. EPA should consider how common the land application of hydraulic-fracturing
associated wastewater is, and jf this is a common practice and EPA identifies locations where

///{ Formatted: Font: Not Italic

returns flows are being land applied (a disposal method mentioned in the study plan), the
potential |mpacts of thls practrce on drmkmg water resources should also be evaluated. EPA

The SAB has a number of specific comments noted below associated with this lifecycle stage.
Additional specific comments on the research questions for this lifecycle stage are included
within this Report’s response to Charge Question 2.

3.8.2. Specific Comments

The SAB recommends that the research question itself be reworded to, “Are treatment processes
that are commonly used in water and wastewater treatment plants effective at removing
constituents of hydraulic fracturing (HF) wastewater, and how do these constituents affect the

performance of such treatment processes7"iWhat—rsthe&pprepHat&treatmeﬁt—ef—hydram+e

Hydraulic fracturing return flows contain many constituents that are similar to those for which
treatment technologies exist within the state of practice of industrial wastewater treatment. For
those constituents, a thorough literature review should be conducted to match treatability studies
and treatment technologies that are currently being used to treat HF wastewater to hydraulic
fracturing return flows, and to identify constituents of HF wastes that might merit additional
attention. The EPA retrospective case studies should review the documented data to assess the
efficacy and success of industrial wastewater treatment operations and pre-treatment operations
for hydraulic fracturing wastewater (return flows). Such studies need to critically assess
characteristics of: volumes and flowrates; influent and effluent concentrations; the fate of the
treated water; management practices, and the disposal of solid residuals. Rather than just a
handful of retrospective studies as proposed, the full richness of available data should be
explored. In addition, facilities maintenance (aspects, requirements, frequency, etc.) and cost
factors (capital, oOperation and& mMaintenance)Operation-&Maintenance at different stages of
the life-cycle) need documentation.
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Few POTWs are designed to remove many of the contaminants of the hydraulic fracturing
process. Dissolved solids are not removed in such systems, and in high concentrations they can
disrupt some unit operations. This phenomenon has been well-studied, so the research on this
toplc should focus on |ndustry management practlces that can mlnlmlze the adverse effects

AII POTWs that now accept hydraulic fracturing return flows should be |ncluded in the
retrospective studies in the assessment of the impacts of TDS. Similarly, the effects of increased
NOM and bromide concentrations on disinfection byproducts formation in drinking water
treatment processes and on corrosion of water distribution networks can be assessed based on a
thorough literature review and information that the service companies likely have on the salt
content of the wastewaters. Radioactive species also deserve special attention. Therefore, once
again, the research should focus on management options to avoid concentrations that lead to
adverse effects, rather than on studying the-effects-themselveseffects that have already been well
characterized.themselves.

Comment [s40]: Yes. This statement is OK.
There is no point devoting resources to
characterizing the effects of brines on biological
treatment systems, example.

The EPA effort should include studying the impact on water treatment plants of the potential
increased burden of analyzing for contaminants in the treated effluent from any plants (POTWSs
or industrial) that treat hydraulic fracturing wastewater and discharge the treated effluent
upstream of water treatment plants. Controlled release and dilution of the wastewater is one
such management method and deserves discussion and investigation. If specific contaminants in
hydraulic fracturing return flows are identified as posing a significant risk to a drinking water
supply source, then pre-treatment options for those contaminants should be investigated. Also,
POTW life cycle costs in light of this new stream of wastewater should be addressed. Pilot scale
testing objectives are in need of articulation.

Solid residuals from POTWs are typically taken to landfills, incinerated, or applied to land (there
may be some intermediate steps). If some hydraulic fracturing wastewater contaminants are
collected in the POTW residuals stream, then the need for any special storage, handling,
management, or disposal controls should be assessed. The EPA retrospective studies need to
investigate this issue. In states that allow land application of POTW residuals, there is a large
data set on sludge quality and chemistry. The prospective studies might be designed to assess
the ability to predict treatment performance, and then predict the real time genesis of outflow and
residuals composition from the POTWs.

EPA should consider how common the land application (e.g., irrigation, road application for dust
suppression, deicing) of hydraulic-fracturing associated return flows or related residuals is. If
this is a common practice and EPA identifies locations where returns flows or related residuals
are being land applied (a disposal method mentioned in the study plan), or are planned for the
future, the potential |mpacts of thls practlce on drlnkmg water resources should also be
evaluated
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Because of the recent presentation of research by
Dr. Stanley States and research from Carnegie
Mellon University, PADEP has 'requested' that none
of the municipal or industrial waste treatment
plants in PA accept Marcellus Shale wastewater
after May 19, 2011. This is a major accomplishment
for the PA drinking water utilities. The data clearly
show that bromide in the source water significantly
increases the concentration of THMs in drinking
water as well as the proportion of the more toxic
brominated species. The research also indicates
that conventional drinking water treatment
processes are ineffective in removing bromide from
the source water. Furthermore, their extensive,
ongoing survey of the Allegheny River and its
tributaries indicates that the principal contributor of
bromide to the river is industrial wastewater plants
which treat Marcellus Shale flowback water.
Municipal POTWs that treat this wastewater don't
appear to contribute bromide to the rivers,
presumably because they chlorinate the treated
effluent prior to discharge. In effect, they are
forming the THMs at the wastewater plants and the
THMs volatize from the river. To date, no other
potential sources of bromide appear to be
significant. This includes steel plants that may be
using brominated compounds to control biological
growth in cooling towers or coal fired power plant
that may be using brominated compounds to treat
cooling towers or to control mercury emissions in
air.
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The draft Study Plan should address the cumulative consequences of carrying out multiple HF

operations in a single watershed or region. —-heweverthis—TFhisis-an-tmportantHne-ofinguiry

Examples of such consequences include

causing a water body to exceed its total maximum daily load limit, which may cause the
waterbody to be considered impaired and placed on the “303(d) list” of impaired waters (stream
segments, lakes) that the Clean Water Act requires all states to submit for EPA approval. The
SAB notes that an important impact of the cumulative HF wastewater discharges in a region
might be missed if the focus is entirely on discharges from individual developments. This is
especially true given the fact that entire regions are now under development or consideration for
development of these hydrocarbon resources. Some example study questions include: “What is
the assimilative capacity of natural systems (wetlands, lakes, streams) to accommodate hydraulic
fracturing treated wastewaters?™-?"; er;-“Is this the best expenditure of ecosystem services?”;
and;2*-e+; “Is this an equitable expenditure of environmental services?”

The U.S. Department of Energy collaboration associated with treatment technologies should be
more clearly articulated and defined, as well as the anticipated collaboration with any other
| entities mentioned in the propesaldraft Study Plan.
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3.9. Research Outcomes

Charge Question 5: If EPA conducts the proposed research, will we be able to:
a. ldentify the key impacts, if any, of hydraulic fracturing on drinking water

resources; and

b. Provide relevant information on the toxicity and possible exposure pathways of
chemicals associated with hydraulic fracturing?

3.9.1. General Comments

EPA has proposed to conduct certain research activities associated with all stages of the
hydraulic fracturing water lifecycle shown in Figure 7 of the Study Plan in order to address the
research questions posed in Table 2 of the Study Plan. EPA proposes to conduct the research
using case studies and generalized scenario evaluations, which will rely on data produced by a
combination of the tools listed in Section 5.3 of the Study Plan. In addition, EPA outlines a
program of quality assurance that will be developed for all aspects of the proposed research.
EPA’s proposed research activities for each stage of the hydraulic fracturing water lifecycle is
outlined in Figure 9 of the Study Plan, and EPA provides brief summaries of how the proposed
research activities will answer the fundamental research questions.

To respond to this Charge Question, the SAB focused on the potential research outcomes that
EPA identified for each step in the HF water lifecycle. These potential research outcomes are
identified in Chapter 6 of the draft Study Plan, at the end of the discussion of each stage of the
water lifecycle. For each potential research outcome listed in the draft report, the SAB
determined whether the outcome is likely to be achieved in whole, in part, or not at all, by the
proposed research.

The SAB believes that all of the potential water acquisition research outcomes identified by EPA
can be achieved. The SAB believes that most but not all of the potential chemical mixing
research outcomes identified by EPA can be achieved. The SAB believes that some but not all
of the potential well injection research outcomes identified by EPA can be achieved. The SAB
believes that some but not all of the potential flowback and produced water research outcomes
identified by EPA can be achieved. The SAB believes that some but not all of the potential
wastewater treatment and waste disposal research outcomes identified by EPA can be achieved.

The two charge sub-questions are inherently very broad, primarily because of the heterogeneity
of hydraulic fracturing operations. For example, the potential ‘key impacts’ of hydraulic
fracturing are likely to depend strongly on local geological and hydrological conditions, and the
magnitude of those impacts is likely to depend on the site-specific details of the fracturing
operation and the management practices that are in place, both for routine operation and for
dealing with emergency situations such as flooding and spills. For this reason, the short (but not
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particularly helpful) response to the charge question is: “““Yes” at some sites and under certain
conditions, and “No” at other sitesethers or under other conditions.> While one could try to
identify the most important conditional factors that influence the impacts of HF at different sites
and then prepare a response to the charge question for each of the corresponding contingencies,
the SAB believes that such an approach would lead to a large and unwieldy matrix of conditional
contingencies that would not be particularly valuable to EPA or the stakeholders.

The SAB focused on the potential research outcomes that the EPA identified for each step in the
HF water lifecycle. These potential research outcomes are identified in Chapter 6 of the draft
Study Plan, at the end of the discussion of each stage of the water lifecycle. For each potential
research outcome listed in the draft report, the SAB attempted to determine whether the outcome
is likely to be achieved in whole, in part, or not at all, by the proposed research. The SAB
recognizes that the ability to achieve a particular potential outcome is contingent on local
conditions and therefore cannot be assessed for all sites in a limited research program.
Nevertheless, the potential research outcomes are much more specific than the charge question
and the SAB believes this specificity allows for more focused evaluation.

The SAB recognizes that the EPA did not claim that the listed potential research outcomes were
comprehensive, or that the lists comprised the most important outcomes that the research would
achieve. However, the potential research outcomes appeared as the final entry in the sections
describing the various steps in the HF water life cycle, and the SAB believes that EPA intended
the lists to capture most of the key outcomes that EPA hoped would be achieved. The SAB
considered whether other, non-listed research outcomes might affect SAB’s response to the
charge question, but did not identify any non-listed outcomes that would significantly alter this
SAB assessment.

With respect to water acquisition, the SAB believes that the research is likely to accomplish the
outcome of identifying possible impacts on water availability and quality associated with large
volume water withdrawals for HF activities. It is also likely to accomplish the outcomes of
determining the cumulative effects of large volume water withdrawals and developing metrics
that can be used to evaluate the vulnerability of water resources, but only for HF sites that are
carefully characterized in case studies. Assuming that the goal of ‘assessing’ current water
resource management practices related to hydraulic fracturing refers to collection of data on
current practices, the goal of conducting such an assessment can also be achieved.

With respect to the chemical mixing life-cycle stage, the SAB believes that the outcome of
summarizing the relevant data in chemical mixing is achievable if cooperation with the HF
service companies is forthcoming. The goal of identifying the toxicity of chemical additives can
be achieved for those additives whose toxicity has been studied previously, and the goal of
identifying data gaps can also be achieved. The SAB believes that the outcome of identifying
chemical indicators for HF fluids is a worthy goal, but is skeptical that this outcome can be
achieved. The SAB believes that the outcome of determining the likelihood that surface spills
will result in the contamination of drinking water resources is too broad to achieve in a general
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sense, but that it will be possible to achieve that outcome for a few chemicals that can be
selected based on their potential to pose significant risk to human and environmental health. The
SAB believes that an assessment of management practices related to on-site chemical storage
and mixing is achievable as part of the proposed research, assuming full cooperation of the HF
service companies.

With respect to the well injection life-cycle stage, the the frequency and severity of well failures,
as well as the factors that contribute to them, can be assessed, if the relevant data are supplied by
the HF service companies. The goal of identifying the key conditions that determine the extent of
interaction of existing pathways with hydraulic fractures is excessively broad and is unlikely to
be achieved in a way that is of significant practical value. However, significant progress toward
achieving this goal might be made in cases where appropriate modeling has been carried out by
the HF service companies, if those companies make their data available to the EPA. The
outcome of analyzing water quality of a potentially affected water body before, during, and after
injection can certainly be achieved. However, implicit in this outcome is the expectation that any
impacts of HF activities could be inferred based on changes in water quality. The SAB is
skeptical that such impacts could be detected in the relatively short time frame of the proposed
research. The goal of quantifying the mobility and fate of HF additives and of naturally
occurring substances that are mobilized by HF activities is too broad to be achieved by the
proposed research, but this goal might be achieved for a limited number of high-priority
chemicals. The SAB does not believe that developing analytical methods for detecting chemicals
associated with HF is an appropriate goal for the research. If it is undertaken, such an effort
could succeed for a limited number of chemicals, but at the cost of diverting resources from
goals that should have higher priority.

With respect to the flowback and produced water, the SAB believes that the outcomes of
compiling existing data on the identity, quantity, and toxicity of flowback and produced water,
and the preparation of a prioritized list of components for future investigation with respect to
toxicity and human health effects are achievable. The SAB does not support use of resources
from the current project to develop new analytical methods for detecting components of the
flowback and produced water, although that outcome is achievable at the cost of not achieving
other, higher priority goals. The outcome of determining the likelihood that surface spills will
result in the contamination of drinking water resources is too broad to be achievable in any
meaningful way. However, procedures can be developed for assessing the likelihood that surface
spills will lead to significant contamination of drinking water, when the procedures are applied
to specific spill scenarios in specific hydrogeologic settings. The description of the data that will
be collected in order to evaluate the risks to drinking water resources posed by current methods
for on-site management of HF wastes is vague. A thorough analysis of on-site management
practices could be useful for evaluating those risks, but the SAB is unable to assess whether the
data that will be collected and the analysis that will be conducted will achieve that goal.

With respect to wastewater treatment and waste disposal, the SAB believes that the research will

achieve the outcome of identifying the fate and effects of inorganic constituent of HF wastes in
wastewater treatement and drinking water treatment plants (largely, but not exclusively, by
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literature surveys and information generated in an ongoing DOE study). This goal is unlikely to
be achieved for organic constituents of HF wastes, especially those that will be present in trace
concentrations after mixing with other water entering the treatment plants.

In addition to the research outcomes identified in the draft research plan, the SAB suggests that
EPA include as an outcome the generation of new research ideas for reducing the potential
adverse effects of HF activities (for example, ways to reduce water usage, identify BMPs, or
develop “‘greener’ HF additives).

An additional overarching issue is that EPA needs to view the environmental concerns and issues
in the context of the local community. As noted in Section 9 of the Study Plan, to address these
concerns, EPA plans to combine the data collected on the location of well sites within the United
States with demographic information (e.g., income and race) to screen whether hydraulic
fracturing disproportionately impacts some citizens and to identify areas for further study. The
SAB recommends that EPA formulate a specific outcome related to this proposed activity.

3.9.2. Specific Comments

Potential Research Outcomes: Water Acquisition (Section 6.1)

The potential research outcomes related to water acquisition identified in the draft Study Plan
were:

a) ldentify possible impacts on water availability and quality associated with large volume water
withdrawals for hydraulic fracturing.

b) Determine the cumulative effects of large volume water withdrawals within a watershed and
aquifer.

c) Develop metrics that can be used to evaluate the vulnerability of water resources.

d) Provide an assessment of current water resource management practices related to hydraulic
fracturing.

SAB's response to these outcomes is as follows:

a) The SAB considers Outcome 6.1a to be largely a conceptual outcome that can be achieved by
understanding the steps involved in hydraulic fracturing and the environment in which it is
conducted. The phrase “possible impacts” suggests that the task can be accomplished by
brainstorming among a broad and representative group of technical experts and stakeholders. A
significant amount of such brainstorming has already occurred, and most of the possible impacts
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of HF have probably been identified. Continued attention should be paid to this task throughout
the project to increase the chance of identifying other, less obvious potential impacts, based on
data collected and observations made as the research progresses. Thus, the SAB believes that
Outcome 6.1a can be achieved.

b, ¢) The possible cumulative effects of large volume withdrawals from a watershed have been
documented in many prior water resource investigations unrelated to HF (see U.S. Army
Engineer Waterways Experiment Station, 1999; Prudic, D.E., 2007; and Alberta Environment,
2007). These effects are highly site-specific, and many studies on withdrawal do not address
impacts on water quality. Most large withdrawals are tied to either high density areas or
agriculture, and HF activities can be within low density non-agricultural areas. The outcome of
determining the cumulative effects of large volume water withdrawals will be accomplished at
HF sites that are carefully characterized in case studies, and the potential for extrapolation of the
findings to other sites will be limited due to the unique site-specific ecological and
developmental factors associated with the locations for each case study.

The situation is largely the same with respect to establishment of metrics for evaluating the
vulnerability of water resources to withdrawal of large volumes of water. It might be possible to
establish metrics that relate specifically to HF environments and activities, such as the presence
of pre-existing hydraulic interconnections in the underground (e.g., from mines) or the
generation of such pathways during the HF process. However, while these metrics might be
categorized as generally applicable, the data needed to apply them are detailed and site-specific,
so it is unclear whether simply identifying the metrics represents a valuable outcome.

d) It is unclear to the SAB whether the “assessment” referred to in this outcome would comprise
only data-gathering about existing management practices or a more in-depth analysis of the
effectiveness of the practices. If the former, then the task can be accomplished by collection of
data on water management practices from a representative cross-section of the industry. If the
latter, then the metrics for evaluating the practices need to be carefully developed, and it is not
clear that the EPA has paid sufficient attention to this effort to allow it to succeed.

Potential Research Outcomes: Chemical Mixing (Section 6.2)

The potential research outcomes related to chemical mixing identified in the draft Study Plan
were:

a) Summarize available data on the identity and frequency of use of various hydraulic fracturing
chemicals, the concentrations at which the chemicals are typically injected, and the total amounts
used.

b) Identify the toxicity of chemical additives, and apply tools to prioritize data gaps and identify
chemicals for further assessment.
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c) Identify a set of chemical indicators associated with hydraulic fracturing fluids and associated
analytical methods.

d) Determine the likelihood that surface spills will result in the contamination of drinking water
resources.

e) Assess current management practices related to on-site chemical storage and mixing.
SAB's response to these outcomes is as follows:

a) SAB believes that Potential Outcome 6.2a is achievable, assuming cooperation from the HF
service companies is forthcoming. The Panel noted that a state agency in Wyoming is currently
collecting data on chemical use in HF, and the EPA should take maximum advantage of that
effort, as well as any similar efforts undertaken by other states, federal, or non-governmental
agencies.

b) The SAB does not believe that it is possible, within the cost and time constraints of the
proposed research, to collect and evaluate new data on human toxicity of HF chemical additives.
The SAB does believe that any pre-existing data on toxicity of HF additives should be collected
and critically reviewed as part of the research, and that only limited efforts (such as toxicity
estimates using quantitative structure-activity relationships, or QSARSs for those additives with a
high potential for exposure) should be made to estimate toxicity of HF additives for which there
is no pre-existing toxicity data. The review of existing data and of the QSARs should be used to
identify chemicals for further assessment.

c) The logical potential chemical indicators of HF fluids are the HF additives themselves and, in
some cases, specific salt ions or aggregate measures of salt concentration (e.g., specific
conductivity, TDS). The HF additives are usually added at low concentrations into the injected
water, and they are likely to be partially modified (e.g., by microbial action), volatilized, and/or
diluted substantially before entering a drinking water resource. Development of analytical
methods for detecting low concentrations of such chemicals can be very time-consuming and
costly. On the other hand, in situations where the concentration of salts (or the relative
concentration of specific ions) can serve as an indicator of HF fluids, no research is needed to
choose the specific indicator (either chloride or TDS is likely to be as good as any other choice),
and no methods development is required. Therefore, the SAB recommends that during this
project, inorganic salts and, possibly, organic HF additives for which analytical methods already
exist be used as chemical indicators of the presence of HF fluids in water resources. If it is
determined, based on other components of the research, that some HF chemicals might be
particularly valuable indicators of the presence of HF fluids, then efforts to develop analytical
methods for those chemicals can be undertaken subsequently.

It should be noted that, if a chemical that is present in the formation water (e.g., chloride) is

chosen as the indicator and is found at elevated concentrations in a nearby water resource, the
possibility can be raised that the concentration increase would have occurred even in the absence
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of HF activity. Barring the unlikely possibility that a direct pathway for the chemical from the
HF environs to the water resource can be established, this issue falls more in the legal than the
scientific domain (i.e., what is the burden of proof needed to attribute the higher concentration to
HF activity?). In addition, establishing that an increase in concentration has occurred at a site
where HF activity has been ongoing for several years would require some historical record of the
concentration of the indicator prior to HF activity; at a site where HF activity is starting (i.e., the
site of a prospective case study), it would require that the indicator appear in the water resource
within one or at most two years for the potential outcome to be achieved during this research
project. Neither of these scenarios can be assured, even if an appropriate indicator is selected.
Use of HF additives as indicators does not suffer from this drawback but, as noted above, it is
likely to be considerably more difficult to detect such additives in the water resource. For these
reasons, although the SAB is supportive of the search for an indicator chemical as part of this
project, it is not convinced that an appropriate indicator will be found (i.e., this outcome is a
worthy goal, but it might not be achieved).

d) There is no question that surface spills of HF fluids are potential sources of contamination to
shallow aquifers or surface waters. The likelihood that such contamination will actually occur
depends strongly on management practices and on the local geology and hydrology, the
management practices for the HF liquid waste stream, as well as the magnitude of the spill and
the types of retardation and/or transformations to which the chemicals are susceptible. Useful
information on the possible modes of transport and transformation of HF chemicals can be
obtained in laboratory studies, but such studies also depend on the hydrogeological conditions
and are often costly to conduct. The SAB believes that a general question about “the likelihood
that surface spills will result in the contamination of drinking water resources” is unanswerable,
but that it can be answered once site-specific and contaminant-specific information is available.
Because of the cost of obtaining the necessary contaminant-specific information, it is appropriate
for the EPA to identify the chemicals that pose the greatest risk to human and environmental
health before initiating such studies. To the extent that those chemicals can be identified, and
their transport and transformation characterized, as part of this research project, the outcome can
be achieved for those chemicals. If these tasks cannot be completed as part of the current
research project, then the research will still generate a useful outcome, but the goal of
determining the likelihood of contamination of drinking water resources will not be achieved.

e) Assuming that HF service companies are forthcoming with information about their chemical
storage and mixing management practices, and that a broad data-gathering effort is undertaken,
an assessment of management practices related to on-site chemical storage and mixing is
achievable as part of the proposed research. It should be noted that chemical storage and mixing
in HF are not obviously and fundamentally different from the corresponding activities in many
other industrial settings. The implicit question that is being addressed by this potential outcome
is whether the management practices are appropriate for the risks and challenges that exist for
chemical storage and mixing at HF sites. Data regarding current practices, when combined with
an assessment of the risks associated with chemical storage and mixing, should help answer this
question.
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Potential Research Outcomes: Well Injection (Section 6.3)

The potential research outcomes related to well injection identified in the draft Study Plan were:

a) Determine the frequency and severity of well failures, as well as the factors that contribute to
them.

b) Identify the key conditions that increase or decrease the likelihood of the interaction of
existing pathways with hydraulic fractures.

¢) Evaluate water quality before, during, and after injection.

d) Determine the identity, mobility, and fate of potential contaminants, including fracturing fluid
additives and/or naturally occurring substances (e.g., formation fluid, gases, trace elements,
radionuclides, organic material) and their toxic effects.

e) Develop analytical methods for detecting chemicals associated with hydraulic fracturing
events.

SAB's response to these outcomes is as follows:

a) Outcome 6.3a is achievable if thorough historical data on well failures are provided by the HF
service companies and if EPA determines the number of hydrautichydrautichydraulically
fracturedhydrauhic-fracturing wells in the country. The draft Study Plan indicates that “EPA will
select a representative sample of sites and request the complete well files for the sites” and “will
analyze the well files to assess the typical causes, frequency, and severity of well failures.” From
these statements, it is clear that EPA anticipates full cooperation from service companies. If that
cooperation is forthcoming, then this task will be achievable and could yield valuable
information.

b) EPA proposes to achieve potential Outcome 6.3b primarily or exclusively via computer
modeling of contaminant transport under various “hydraulic fracturing well injection scenarios,”
taking into account features of both the engineering systems and the local geology. Such
modeling will undoubtedly shed some light on the potential contamination of drinking water
sources during the well injection phase of HF operations. However, the simulated outcomes will
be strongly dependent on assumptions and choices made about how to represent the physical
system, and the SAB has concerns that these assumptions and choices are not well constrained
by reliable data. As a result, converting the modeling outcomes to useful interpretive or
predictive outcomes may be problematic if the modeling assumptions and choices are not well
constrained by reliable data. The SAB is unable to determine if sufficient data exist to constrain
modeling choices, and thus cannot determine if this outcome can be met.

As currently phrased, the claimed potential outcome is excessively broad and is unlikely to be
achieved in a way that is of significant practical value. For example, the presence of many pre-
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existing interconnected fractures is likely to facilitate interaction of existing pathways with
hydraulic fractures, but that conclusion is intuitive. Modeling could probably be carried out to
identify some details of pre-existing fractures that pose especially high risk for interaction with
hydraulic fractures. The effort required for such modeling is large, but in many cases much of
the modeling might already have been completed as part of the pre-drilling analysis. EPA
should request any geophysical data, well logs, etc., that the developers of sites have
accumulated and use that information to the extent possible in this portion of the research

¢) The SAB assumes that the water quality referred to in potential Outcome 6.3c was the water
quality of the drinking water source that might be at risk of contamination as a result of HF
activities. The plan to evaluate water quality before, during, and after injection of the HF fluids
indicates that this potential outcome applies primarily or exclusively to the prospective case
studies. While there is no doubt that such an evaluation can be carried out, the water quality
parameters that are analyzed will probably undergo minimal change during the relatively short
duration of the research program. In addition, the need to rely on inorganic salts as tracers for
the HF fluids (because analytical methods for the organic additives are either not available at all,
or not yet proven for the concentrations and matrices of interest) will complicate the
interpretation of the data, because it will raise the question of whether hydraulic fracturing was
truly the cause of any observed change in TDS.

The SAB has some concern that the absence of a strong contaminant signal could be
misinterpreted as support for the null hypothesis (i.e., that the contaminants cannot migrate to the
water body), when in fact it simply reflects a time lag between the initiation of HF activities and
the appearance of HF fluids in the water source that is longer than the observation period. The
SAB believes that the water quality evaluation that will be carried out is a worthwhile effort, but
that it might have to be continued substantially beyond the end of the initial research before the
outcome can be established with reasonable confidence.

d) Potential Outcome 6.3d is written in a way that suggests that the identity, mobility, fate, and
toxicity of all potentially significant contaminants will be determined as part of the project, and
that outcome is clearly not achievable. As noted elsewhere in this report, the SAB recommends
that no toxicity testing be carried out as part of the current research. If that recommendation is
accepted, the determination of toxic effects will be limited to those contaminants for which the
toxicity has already been assessed. However, the goal of quantifying the mobility and fate of the
contaminants that are deemed to be of highest priority is achievable. Given the plethora of HF
additives and naturally occurring substances of potential interest, the SAB recommends that the
contaminants of primary concern be identified based on an initial investigation of their usage
rates, physical/chemical properties, and potential routes of human exposure, and that transport-
and-fate studies be carried out only on those contaminants, by a combination of laboratory, field,
and computer modeling experiments.

e) The SAB does not believe that developing new analytical methods for detecting and

quantifying HF additives is an achievable goal for the current research program, given the
constraints of time and funding.
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Potential Research Outcomes: Flowback and Produced Water (Section 6.4)

The potential research outcomes related to flowback and produced water identified in the draft
Study Plan were:

a) Compile information on the identity, quantity, and toxicity of flowback and produced water
components.

b) Develop analytical methods to identify and quantify flowback and produced water
components.

¢) Provide a prioritized list of components requiring future studies relating to toxicity and human
health effects.

d) Determine the likelihood that surface spills will result in the contamination of drinking water
resources.

e) Evaluate risks posed to drinking water resources by current methods for on-site management
of wastes produced by hydraulic fracturing.

SAB's response to these outcomes is as follows:

a) The compilation of existing data relating to the identity, quantity, and toxicity of flowback and
produced water components is achievable as part of the research, and the SAB believes that
successful completion of this step is critical. The SAB wishes to reiterate its belief that the
toxicity data collected as part of this effort should be restricted to data that are already in the
scientific literature.

b) The SAB does not support use of resources from the current project to develop new analytical
methods for detecting components of the flowback and produced water.

c) The SAB believes that preparation of a prioritized list of components for future investigation
with respect to toxicity and human health effects is an appropriate and desirable outcome of the
research. Priority should be given to those compounds that have a combination of significant
anticipated health effects and significant potential routes of exposure to humans.

d) The likelihood that surface spills will result in contamination of drinking water resources
depends on the volume of the spill, the identities and concentrations of the contaminants in the
spillage, and the details of the potential pathways from the site of the spill to the water resource.
Therefore, this likelihood is highly site specific and cannot be quantified by some generalized
equation. The SAB believes that the EPA understands and appreciates this site-specificity, but
the wording of potential outcome 6.4d does not reflect that understanding; therefore, if the
potential outcome is interpreted literally, it cannot be achieved. The SAB recommends that EPA
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consider revising this potential outcome so that it refers to development of procedures that can
be used to assess the likelihood that various types of surface spills will lead to significant
contamination of drinking water resources, when the procedures are applied to specific spill
scenarios in specific hydrogeologic settings.

e) The data that the EPA anticipates collecting with regard to on-site management of HF wastes
are vague. The draft plan indicates the data will be collected from literature reviews,
retrospective case studies, and prospective case studies, but it is unclear exactly what
information will be sought. Statements such as, “it will be informative to compare the typical
management practices to unexpected situations that may lead to impacts...on drinking water
resources” and “information will also be collected on the ways in which wastewater is
transported for treatment or disposal” suggest that the research will, at best, generate a list of
some management (and probably some mismanagement) practices. However, it is difficult to
see how such data will be translated into a useful, generalized evaluation of the risks associated
with on-site management of HF wastes.

Potential Research Outcomes: Wastewater Treatment and Waste Disposal (Section 6.5)

The potential research outcomes related to wastewater treatment and waste disposal identified in
the draft Study Plan were:

a) Evaluate treatment and disposal methods that are currently being used to treat flowback and
produced water resulting from hydraulic fracturing activities.

b) Assess the short- and long-term effects resulting from inadequate treatment of hydraulic
fracturing wastewaters.

SAB's response to these outcomes is as follows:

a) The SAB interpreted potential outcome 6.5a as comprising both the effectiveness with which
components of HF wastes can be removed from the waste stream using treatment and disposal
methods that are currently being used to treat HF wastewater, and the effect of such wastes on
the performance of treatment processes with respect to removal and/or degradation of other
(non-HF) waste components. It should be noted that, in some cases, the HF wastes might be
reused by injection into new wells, and the changes in water quality associated with such
reinjection should be considered when assessing the composition of the wastes needing
treatment. The draft Study Plan identifies pre-treatment of HF wastewaters prior to direct land
application or prior to discharge to a community wastewater treatment system, as well as
discharge directly to a community wastewater treatment system (without pre-treatment) as
potential treatment/disposal methods. The draft Study Plan notes that substantial work that
addresses these issues has been completed by DOE NETL, and that only research to fill in the
remaining knowledge gaps will be carried out as part of the proposed project. It is not clear that
an assessment of the effectiveness of pre-treatment for solutions that will be re-injected is an
important research activity for this project.
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| The monovalent inorganic constituents in HF wastes can be removed from the solution only by /
desalination processes such as reverse osmosis, and the effectiveness of these processes is Comment [JV43]: Divalent inorganics like
relatively well-established. Some of the organic constituents of HF wastes might be removed b barium and strontium can be removed through
! y . . . A 9 3 g Yy chemical and physical processes that are not
biodegradation, volatilization, or adsorption, but few studies have attempted to track these typically classed as “desalination.” Precipitation,

compounds as they pass through a treatment plant, and the feasibility of doing so is complicated | Coagulation, Settling, Filtration.

by the low concentrations of those compounds that are expected to be present once the HF fluids
have been diluted by other influents to the plant.

The effects of the major inorganic contaminants in HF waste fluids on wastewater treatment
processes and on soils have been extensively studied in other contexts, and the results of that
research should be taken into account, along with the results of the DOE research. The effects of
the organic contaminants on process performance will be more difficult to evaluate, other than
anecdotally, for the same reasons that make the fate of the compounds themselves difficult to
assess.

Based on the above considerations, the SAB believes that potential outcome 6.5a is likely
achievable with respect to the inorganic constituents of HF wastes, with minimal or no new
laboratory research. However, the same cannot be said for the organic constituents. For the
organic constituents, it is unlikely that this potential outcome will be achieved in situations
where the HF wastes are a small portion of the total waste stream entering the treatment plant.
The outcome might be achieved in a scenario where the HF wastes account for the majority of
the influent to the treatment process (e.g., in a pre-treatment step at the HF site).

b) Taken in conjunction with the research plan for topic 6.5, it appears that potential outcome
6.5b is referring primarily to the effects that components of HF wastewaters might have on
drinking water quality (e.g., TDS in drinking water, DBP formation during disinfection of
drinking water) and the infrastructure of wastewater and drinking water treatment systems (e.g.,
increasing corrosion rates). Although the potential outcome is written as though a wide (or even
comprehensive) range of such effects will be investigated, in truth only a couple will be
explored. Furthermore, even those effects are probably better studied by combining mass
balance calculations with existing literature on DBP formation and corrosion. The SAB's
assessment is that this potential outcome can be achieved for a very limited range of effects, and
that very little new laboratory research is required to do so.
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APPENDIX A: EPA’s CHARGE TO THE PANEL

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
Office of Research and Development
February 9, 2011

MEMORANDUM

SUBJECT: Request for review of the Draft Plan to Study the Potential Impacts of Hydraulic
Fracturing on Drinking Water Resources

FROM: Fred S. Hauchman, Director /Signed/
Office of Science Policy (8104R)

TO: Edward Hanlon, Designated Federal Officer
EPA Science Advisory Board Staff (1400R)

This memorandum requests that the Science Advisory Board (SAB) review and comment
on the EPA Office of Research and Development’s (ORD) Draft Plan to Study the Potential
Impacts of Hydraulic Fracturing on Drinking Water Resources. The purpose of this draft study
plan is to identify research activities that will answer the following questions:

e Can hydraulic fracturing impact drinking water resources?
¢ If so, what are the conditions associated with the potential impacts on drinking water
resources?

Background

Hydraulic fracturing, which involves the pressurized injection of water, chemical
additives, and proppants into geological formations, induces fractures in the formation that
stimulate the flow of natural gas or oil, thus increasing the volume of gas or oil that can be
recovered from coalbeds, shales, and tight sands. As natural gas production has increased, so
have concerns about the potential environmental and human health impacts of hydraulic
fracturing in the U.S., particularly with respect to drinking water resources. In its Fiscal Year
2010 Appropriation Conference Committee Directive to EPA, the U.S. House of Representatives
urged EPA to conduct a study of hydraulic fracturing and its relationship to drinking water,
specifically:

“The conferees urge the Agency to carry out a study on the relationship between
hydraulic fracturing and drinking water, using a credible approach that relies on the
best available science, as well as independent sources of information. The conferees
expect the study to be conducted through a transparent, peer-reviewed process that
will ensure the validity and accuracy of the data. The Agency shall consult with other
Federal agencies as well as appropriate State and interstate regulatory agencies in
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carrying out the study, which should be prepared in accordance with the Agency's
quality assurance principles.”

In March 2010, EPA asked the SAB to review an initial research scoping document
related to hydraulic fracturing.? This document outlined the initial approach for determining the
scope of the study, potential research questions, and an initial approach for conducting the study.
In its response to EPA?® in June 2010, the SAB endorsed a lifecycle approach for the study plan,
and recommends that: (1) initial research be focused on potential impacts to drinking water
resources, with later research investigating more general impacts on water resources; (2) five to
ten in-depth case studies be conducted at “locations selected to represent the full range of
regional variability of hydraulic fracturing across the nation”; and (3) engagement with
stakeholders occur throughout the research process.

Following the receipt of the SAB comments in June 2010, EPA developed the attached
Draft Plan to Study the Potential Impacts of Hydraulic Fracturing on Drinking Water
Resources. The draft plan focuses on the full lifecycle of water in the hydraulic fracturing
process, from water acquisition, through the mixing of chemicals and actual fracturing, to the
post-fracturing stage, including the management of flowback and produced water and its
ultimate treatment and/or disposal. The research questions outlined in the study plan address
how activities in each of these stages may impact drinking water resources. EPA has identified
these research questions from stakeholder meetings and a review of the existing literature on
hydraulic fracturing. Stakeholders have also helped EPA to identify the potential case study
sites discussed in the draft study plan.

Specific Request

ORD requests that the SAB comment on the scope, proposed research questions, research
approach, research activities, and research outcomes outlined in the Draft Plan to Study the
Potential Impacts of Hydraulic Fracturing on Drinking Water Resources. Comments from the
SAB will be considered during the development of the final plan to study the potential impacts
of hydraulic fracturing on drinking water resources.

We appreciate the efforts of the SAB to prepare for the upcoming review of the Draft
Plan to Study the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources, and
we look forward to discussing the plan in detail on March 7-8, 2011. Questions regarding the
enclosed materials should be directed to Susan Burden at
burden.susan@epa.govburden.susan@epa.govburden.susan@epa.govburden.susan@epa.govbur
den.susan@epa.govburden.susan@epa.govburden.susan@epa.govburden.susan@epa.gov or
202-564-6308.

%http://yosemite.epa.gov/sab/sabproduct.nsf/0/3B745430D624ED3B852576D400514B76/$File/Hydraulic%20Frac
%20Scoping%20Doc%20for%20SAB-3-22-10%20Final.pdf

3http://yosemite.epa.gov/sab/sabproduct.nsf/0/CCO9DE2B8B4755718525774D0044F929/$File/EPA-SAB-10-009-
unsigned.pdf
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Charge to the SAB

We ask the SAB to focus on the questions below during the review of the Draft Plan to

Study the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources:

2.

Water Use in Hydraulic Fracturing

EPA has used the water lifecycle shown in Figure 7 to characterize hydraulic fracturing
and to identify the potential drinking water issues. Please comment on the
appropriateness of this framework for the study plan. Within the context of the water
lifecycle, does the study plan adequately identify and address the areas of concern?

Research Questions

EPA has identified both fundamental and secondary research questions in Table 2. Has
EPA identified the correct research questions to address whether or not hydraulic
fracturing impacts drinking water resources, and if so, what those potential impacts may
be?

Research Approach

The approach for the proposed research is briefly described in Chapter 5. Please provide
any recommendations for conducting the research outlined in this study plan, particularly
with respect to the case studies. Have the necessary tools (i.e., existing data analysis,
field monitoring, laboratory experiments, and modeling) been identified? Please
comment on any additional key literature that should be included to ensure a
comprehensive understanding of the trends in the hydraulic fracturing process.

Proposed Research Activities

Proposed research activities are provided for each stage of the water lifecycle and
summarized in Figure 9. Will the proposed research activities adequately answer the
secondary questions listed in Table 2 for each stage of the water lifecycle? Please
provide any suggestions for additional research activities.

Research Outcomes

If EPA conducts the proposed research, will we be able to:
a. ldentify the key impacts, if any, of hydraulic fracturing on drinking water

resources; and
b. Provide relevant information on the toxicity and possible exposure pathways of
chemicals associated with hydraulic fracturing?

Attachment: Draft Plan to Study the Potential Impacts of Hydraulic Fracturing on Drinking

Water Resources
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