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Preliminary Comments from Members of the EPA Science Advisory Board
(SAB) Panel for the Review of EPA’s Hydraulic Fracturing Study Plan

As Of May 18, 2011

COMMENTS FROM DR. STEPHEN RANDTKE

Comments to 4/28/11 Draft SAB Report on the Review of EPA’s Draft Hydraulic
Fracturing Study Plan

Page 7, lines 1-17: Charge Issue 4e

The Panel did recommend that EPA focus on literature reviews (and rely less on lab and pilot
testing) to address various aspects of wastewater treatment, but this paragraph and similar
paragraphs repeating the same statements later in the report overemphasize literature reviews at
the expense of other tasks the Panel also discussed. We also recommended that scenario
modeling involving simple mass balances be used 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). My recollection is that we strongly recommended the use of
scenario modeling, in concert with both retrospective and prospective case studies, to “define the
boundaries” for this issue. If dilution is potentially inadequate, then adverse impacts are possible
and additional treatment may be needed. This point may have been made earlier, in a more
general way, but it merits reiteration here. It could perhaps be connected to the task of
“identifying constituents of HF return waters that merit additional attention” (lines 5-6).

The Panel did recommend that EPA focus on “appropriate” treatment to minimize adverse
effects (as summarized in lines 11-14), as opposed to focusing solely on “inadequate” treatment.
However, if simple practices such as dilution suffice to avoid adverse impacts, then they are
“appropriate.” So, logically, the first order of business is to determine if existing treatment is
adequate. If not, then EPA can turn its focus to what other treatment may be appropriate;
however, this actually falls outside the scope of the study plan, as the primary objective is to
determine whether adverse impacts occur, not to control adverse impacts that may or may not
occur.

The phrase “rather than characterizing those [adverse] impacts” (line 14) may be misunderstood
and should be deleted. The point we were trying to make was that EPA does not need to devote
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a lot of time to determining what levels of “conventional’” pollutants (such as chloride) cause a
problem, since that information is already available; but EPA does need to “characterize” not
only the levels of contaminants that are occurring (and might occur in various current and future
settings) but also the adverse impacts, if any, that such levels of contaminants might cause. In
this sense, EPA does need to “characterize those effects”; and that is a primary goal of the study
plan.

Page 41, line 27: Secondary Question 4: What are the toxic effects of naturally occurring
substances?

I think this question was incorrectly stated in the draft. There is no point in EPA conducting
research on the toxicity of naturally occurring substances. We know a lot about a few of them,
such as simple salts, and very little about most of them. | think the question EPA intended to ask
was: “Can naturally occurring substances be mobilized by HF activities to the extent that they
cause adverse impacts on drinking water, most especially toxicity to humans?” It might be worth
checking with EPA to see if this is the correct interpretation. The original questions does not
make much sense in the context of the draft study plan, especially given the limited time and
budget.

Page 42, line 39: “Toxicity studies .... may need to be undertaken.”

To be 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.

Page 44, lines 13-20: Definitions of “flowback™ and “produced water”

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. | 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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Preliminary Comments from M ember s of the EPA Science Advisory Boar d
(SAB) Panel for the Review of EPA’sHydraulic Fracturing Study Plan

AsOf May 18, 2011

COMMENTSFROM DR. STEPHEN RANDTKE

Commentsto 4/28/11 Draft SAB Report on the Review of EPA’s Draft Hydraulic
Fracturing Study Plan

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 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. Asnoted 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
guestions, 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.
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In general, the SAB believes that EPA’ s research approach as presented in the draft Study Plan is
appropriate. The SAB recommends severa changes for the Study Plan in order to meet the
limited schedule and budget constraints of the project. In this spirit the SAB identifies several
areas of the Study Plan that can be narrowed and focused. The SAB believesthat EPA istaking
on an enormous challenge with limited budget and within avery limited time frame.

EPA identified specific potential outcomes for the research related to each step in the HF water
lifecycle. The SAB believesthat 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 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
research questions presented and discussed within the draft Study Plan, and that EPA should
develop more specific research questions that could be answered within the budget and time
congtraints of the project. The SAB believesit will not be possible to cover all facets of the
proposed research activities for the assessment of potential impacts of HF well injection on
drinking water resources within the time allotted for the research activities. The SAB
recommends that EPA use awide variety of sources available to EPA in order to increase the
chances of success of the research program, and analyze data from HF service companies and
states to provide additional insight.

The SAB also recommends that EPA consider threethe steps of the risk assessment paradigm
(i.e., hazard identification, dose-response assessment, exposure assessment, and risk
characterization) to assess and prioritize research activities for each water lifecycle stage
presented in the draft Study Plan, and to focus research questions. 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 the primary opportunity for human health
exposureis likely to be through surface waters, and recommends that EPA’ s first--order human
health exposure assessment focus on surface water management of flowback and produced
waters, and disposal of treated waste water. The SAB recommends that no toxicity testing be
conducted at thistime due to time and cost constraints, and that EPA should eval uate through
existing databases the toxicity of selected constituents determined to have a high potential for
exposure.

The SAB has anumber of suggestions for improving the draft Study Plan and EPA’ s hydrautic
fracturingHF-related activities. Some of the key SAB suggestions include the following:

o Clarify whether the research focusis 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. Do
not generalize focused research results across all types of HF activity.
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Identify and characterize potential environmental justice concerns associated with
hydraulic fracturing and explicitly recognize such concernsin the research questions.

Define and differentiate flowback and produced water, and clearly distinguish such
waters from other water used during the hydraulic fracturing process. Thisisakey
recommendation because the handling, treatment and disposal of flowback and produced
water represents the most likely important route of exposure and potential for adverse
impacts on drinking water on anational level.

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

Reconsider the present definition of “drinking water resources’ related to hydraulic
fracturing activities as waters limited to those with less than 10,000 mg/L of total
dissolved solids, given recent advances in membrane desaination and likely changesin
perspectives of what constitutes potential drinking water sources in the future.

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
congtituents 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 afocus on Maximum Contaminant Level (MCL) parametersin analyzing potential
impacts of HF on water quality, as MCLs are insufficient for assessing al potentially
significant impacts on drinking water quality.

Focus study of treatment of flowback and produced water constituents on literature
searches on 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 technol ogies exist within the practice of
industrial wastewater treatment.

Identify or estimate the uncertainty or confidence in all research conclusions.

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

Devel opment with advice on thisimportant subject. We look forward to receiving the Agency’s
| response and to potential future discussions with the Agency.

Sincerely,
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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),
apublic advisory group providing extramural scientific information and advice to the
Administrator and other officias of the Environmental Protection Agency. The SAB is
structured to provide balanced, expert assessment of scientific matters related to problems facing
the Agency. Thisreport 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 agenciesin the Executive Branch of the Federal government, nor
does mention of trade names of commercia 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 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 plansto 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. The SAB recommends several changes for the Study Plan in
order to meet the limited schedule and budget constraints of the project. The SAB also identifies
several areas of the Study Plan that can be enhanced and focused. While a more detailed
description of the technical recommendations is described in this SAB Report, the key points and
recommendations are highlighted below.

Charge Question 1. Water Use in Hydraulic Fracturing

In general, the SAB believesthat 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. However, the SAB has several recommendations to
strengthen the framework and provide an improved assessment of potentia drinking water
issues. EPA’sframework 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 flowsin the
surrounding natural hydrological cycle. The water mass baance 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
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associated with such transfers. In addition, EPA should consider additional sources of water
quality impacts beyond those indicated in Figure 9a.

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 provides suggestions for supplementing and
revising the existing questions. These suggestions are designed to recognize explicitly key
issues that may not be adequately addressed in the current questions or to frame mere
appropriately-the questions to more appropriately reflect given-the limited available time and
funding for thiste-the effort. The SAB is concerned that many of the questions may not be
answerable given the limited available time and funding.

The SAB has overarching comments that may affect the primary and secondary research
guestions 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 differencesin the nature of the impactsto
drinking water resources.

Potential impacts to drinking water may be the result of the hydraulic fracturing process or the
result of the manner in which it isimplemented. Identifying potential impacts to drinking water
resources that are associated with failure to employ best management practices may not be useful
unless the linkage to those management practicesis identified.

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 ahigh 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 apreliminary manner.

An additional overarching issue isthat EPA needsto view the environmental concerns and issues
in the context of the local community, and that potential outcomes should beidentified by EPA
for environmenta justiceissues. Concerns such as environmental justice and the effects of
hydraulic fracturing on disproportionately impacted communities should be an explicit research
guestion. The SAB recommends that potential environmental justice concerns associated with
hydraulic fracturing should be identified and characterized as part of the current study and that
this should be explicitly recognized in the research questions. The SAB recommends that a
separate section of the research plan be devoted explicitly to environmental justice issues. A key
component of thisis aneed to assess the impact of hydraulic fracturing in context with other
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environmental challenges and difficulties associated with societal adaption to change that might
be faced by the community to develop a sense of the cumulative impact. In addition, the SAB is
concerned that certain communities may be bearing a disproportionate share of the
environmental and human health risk burden relative to the communities benefitting from
hydraulic fracturing activities. EPA should consider environmental justice perspectives when
assessing local environmental and health impacts through analyses such as cost-benefit
evaluations which often integrate over larger scales.
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The Study Plan should address the cumul ative consegquences of carrying out multiple HF

10 operationsin asingle watershed or region. While detailed research on cumulative impacts may
11 bebeyond the scope of the current study, the incremental impacts of hydraulic fracturing

12 operations should be well characterized in the current study and a framework for assessment of
13 cumulativeimpacts should be established. Thiswill provide the foundation for subsequent

14  assessment of total environmental exposures and risks, and cumulative impacts.

16 Inaddition, the SAB recommends that EPA clarify whether the research focusison hydraulic
17  fracturing in shae gas production, conventional natural gas production, coa bed methane
18  production, or other types of hydraulic fracturing activity.

20 Inaddition to these general concerns, the SAB has a number of specific concerns associated with
21 theresearch questions at individual lifecycle stages. These are presented in the discussion
22  associated with the subsequent charge questions.

24  Charge Question 3. Research Approach

26  The SAB believesthat EPA istaking on an enormous challenge with limited budget and within a
27  limited time frame. EPA should conduct a well-focused study so that critical research questions
28 areidentified, approaches are designed that will enable answering those questions, and analysis
29 isincluded to validate the conclusions that are reached.

31 The SAB believesthat the Study Plan provides inadequate detail on how to address the overall
32  research questions presented in Table 2 and discussed within the draft Study Plan, and that EPA
33  should present more specific research questions that could be answered within the budget and

34  time constraints of the project. To the extent that the Study Plan is being designed to inform

35 decision-making related to an EPA regulatory framework, the framework should include specific
36  research questions aimed at this objective.

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

42 A suggested areafor additional specific research is on the capacity of microseismic datato
43  provide detailed information about extent of fracturing and to assist in the hydraulic fracturing

44 | modeling (see discussion under Charge Question 4c). " comment [s1]: Better to be specific. Charge
45 | Question 4 is huge!
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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 aso 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.

The SAB finds that the Study Plan overemphasi zes case studies in the study approach, and
underemphasizes the review and analysis of existing data and the use of scenario analysis. The
SAB believes thereis significant value to the synthesis of existing data, and that EPA should
review al available data sources to learn from what is already known about the rel ationship 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 trendsin the hydraulic fracturing process and the potential impacts of hydraulic fracturing
on drinking water resources.

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

The SAB recommends that EPA reconsider the definition of “drinking water resources’ related
to hydraulic fracturing activities as waters with less than 10,000 mg/L of total dissolved solids
\(TDS), given recent advances in membrane desalination and likely changesin perspectives of

what constitutes potential drinking water sources in the future.

The SAB recommends that the Study Plan include an additional research effort to collect
baseline datain a given area before HF activity begins, so that significant changesin water
availability or water quality caused by HF activity can be more readily documented.

SAB aso recommends that EPA consider developing a“vulnerability index” or alist of criteria
that could be used to indicate situations where awater supply is vulnerable to adverse impacts on
water quality or quantity. SAB recognizes that given EPA’s limited 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 chemicals (e.g., benzene, toluene, ethylbenzene, and xylenes - BTEX, surfactants, and
biocides). EPA should also assess the potential of constituents in HF-impacted waters to form
disinfection by-products (including trihalomethanes, haloacetic acids, total organic halogen, and

( Comment [s2]: Define abbreviation at point of

| first use.

\f Comment [s3]: Insert space

other halogenated organic compounds) in drinking water treatment.

Also, 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. The SAB recommends that EPA include in its analysis potential impacts on water
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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.

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

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 atimely manner. SAB
recommends that EPA also gather HF fluid composition data from state(s) collecting such data,
and consider therole that recycling and reuse of HF fluids will play in influencing both quantity
and composition of HF fluids.

Given the limited 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).

Whileit 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 devel opment 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 aone 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.

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 believesit 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 awide
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variety of sources available to EPA in order to increase the success of the research program. The
SAB provides anumber of specific suggestions for focusing EPA’ s fundamental and secondary
research questions associated with thistopic 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 the handling of the flowback and produced water represents the most
likely important route of exposure and potentia for adverse impacts on drinking water resources
from the development of unconventional gas resources on anational level. The SAB
recommends that EPA more clearly, in the main body of the plan, define and differentiate
flowback and produced water, and clearly distinguish such waters from other water used during
the hydraulic fracturing process.

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 pointsin
time and from carefully selected locations, including the ongoing studies on the quality of
surface watersin 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 arisk assessment framework analysis (i.e.,
hazard identification, exposure, toxicity, and risk characterization) to assess and prioritize
research activities for the lifecycle stages of flowback and produced water. At thistime, 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 the primary opportunity for human health exposureis
likely to be through surface waters, and recommends that EPA’sfirst order human health
exposure assessment focus on surface water management of flowback and produced waters. The
SAB recommends that EPA not conduct toxicity testing at thistime.

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

Hydraulic fracturing return flows contain many constituents that are similar to those for which
treatment technol ogies 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 alimited number of Publicly Owned Treatment Plants (POTWSs) have the ancillary
treatment technol ogies needed to remove the congtituents 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 total dissolved solids (TDS), natural organic matter (NOM), bromide, and radioactive
species, rather-thanas well as on characterizing those effects. In addition, EPA should assess the
need for any specia storage, handling, management, or disposal controls for solid residuals after
trestment. EPA should also consider industria practices in which the hydraulic fracturing return
flows have been used for irrigation.

Charge Question 5. Research Qutcomes

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 outcomeis likely to be
achieved in whole, in part, or not at al, by the proposed research.

The SAB believes that al 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 potentia for extrapolation of these findings to other sites
will belimited. The SAB isthus 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 arepresentative 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 believesit will be difficult for EPA to
identify comprehensively the toxicity of chemical additives, apply toolsto 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 congtraints 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
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guantitative structure-activity relationships (QSARS), for HF additives for which no pre-existing
toxicity data exist and a high potential for exposure expesure-islikely. 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 sright-can adequately support ethe research outcome related to toxicity
assessment. The SAB believes that EPA can determine the likelihood that surface spills will
result in the contamination of drinking water resources, to the extent that specific chemicals are
identified, and their transport and transformation characterized, as part of the current project.
Lastly, 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, 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
hydraulic fracturing wells. 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, such an outcome will have limited value because the simulated
outcomes will be strongly dependent on assumptions and choices made about how to represent
the physical system. These assumptions and choices may not be well constrained by reliable
data. Whilethe SAB believes that EPA can evauate 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 determinein 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 additivesis an achievable goal for the current study,
given the congtraints of time and funding.

The SAB believes that some but not al 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 given the constraints on time and funding,
and does not think thisis achievable. EPA can develop aprioritized list of components requiring
future studies relating to toxicity and human health effects. The SAB believes that while EPA
could determine the likelihood that surface spills will result in the contamination of drinking
water resources, this likelihood will be highly site specific and will not be quantifiable with a
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simple, general model, and thus the SAB does not believe that the outcome can be achieved.
The SAB aso does not believe that EPA can achieve its outcome to evauate risks posed to
drinking water resources by current methods for on-site management of wastes produced by
hydraulic fracturing. The datathat 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
transdlated into a useful, generalized evaluation of the risks associated with on-site management
of HF wastes.

The SAB believes that some but not al of the potential wastewater treatment and waste disposal
research outcomes identified by EPA can be achieved. EPA can evaluate 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 an evaluation can be achieved for the organic
congtituentsin 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 will assess the short- and long-term effects resulting from inadequate treatment of hydraulic
fracturing wastewaters. However, this potential outcome can be achieved only for avery limited
range of effects.
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2. INTRODUCTION

2.1. Background

In January 2010, EPA’ s Office of Research and Development (ORD) initiated planning
for astudy 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 alifecycle 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 plansto conduct this
lifecycle analysis through literature reviews, data gathering and analysis, modeling, |aboratory
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 areview of the existing literature on
hydraulic fracturing. Stakeholders also helped EPA to identify the potentia 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 devel opment of itsfinal 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/ CCO9DE2B8B 47557185257 74D 0044F929/$Fil e/ EPA-SAB-10-009-
unsigned.pdf
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The SAB’s adviceis 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 XXX X, 2011. The updated external draft SAB Report dated XX XX, 2011, was
submitted to the chartered SAB for discussion at the X XXX, 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. Chargetothe Panel

The Agency’s Charge to the Panel (Appendix A) included atotal 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 potentia 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 hasidentified both fundamental and secondary research questionsin 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.

11
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Charge Question 4(b): Proposed Research Activities - Chemical Mixing
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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

Disposa

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 Qutcomes

If EPA conducts the proposed research, will we be able to:
a. Identify the key impacts, if any, of hydraulic fracturing on drinking water
resources; and
b. Providerelevant information on the toxicity and possible exposure pathways of
chemicals associated with hydraulic fracturing?

12
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3. RESPONSE TO THE CHARGE QUESTIONS

3.1. Water Usein 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

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. However, the SAB has several recommendationsto
strengthen the framework and provide an improved assessment of potential drinking water
issues. EPA’sframework 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 flowsin the
surrounding natural hydrological cycle. The water mass balance assessment is a critical effort,
and EPA should initially focus the water mass bal ance 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. In addition, EPA
should assess additional sources of water quality impacts beyond those indicated in Figure 9a.

Specific Comments

First, EPA’s framework should take a broader view with regard to water quantity than depicted
in the Figure. That broader view should involve imbedding water fluxes associated with
hydraulic fracturing withinte water flows in the surrounding natural hydrological cycle. To take
this broader view, EPA should consider reformatting Figure 7 to put abox 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,’; and also change the wording from ‘ Impact of water
withdrawal on water quality’ to ‘Impact on environmental fluxes and water quality.’-

The SAB agrees that assessing the water mass balance for any particular site or collection of
sitesis an important undertaking and supports EPA’ s efforts to conduct this analysis. The SAB
believes that EPA should initially focus this water mass bal ance 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

13
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large water volume is removed and stored for hydraulic fracturing activities, and EPA should tie
that water into the broad hydrological cycle on aregiona 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 other sources of impacts beyond those
indicated in the Figure 9a should be assessed. For example, 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.
Such releases could potentially result in contamination of water supply sources, and it is
important to note that unhealthy exposures can result from breathing air as well as through
drinking water. It is also important to recognize that substantial credibility in the results for
individual chemicals will result when complete mass balances (i.e., summations of transfersto
air, water, soil, and other media) are assessed. In addition, spatial and temporal issues are
relevant to assessing water quality impacts. The SAB recognizes that there are difficultiesin
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. The SAB also recognizes that expanding the study to include air is not
within the scope of the document, but EPA should take the opportunity in this study to note
when and where air impacts may occur and the likely importance of those impacts to assist in
determining what future work may be necessary to evaluate air impacts.
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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 provides suggestions for supplementing and
revising the existing questions. These suggestions are designed to recognize explicitly key
issues that may not be adequately addressed in the current questions or to frame more
appropriate questions given the limited available time and funding to the effort. The SAB is
concerned that many of the questions may not be answerable given the limited available time
and funding.

The SAB has overarching comments that may affect the primary and secondary research
guestions and how they are answered at each life cycle stage. Animportant challenge facing the
study isthe 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 differencesin the nature of the impactsto
drinking water resources. For example, the limited availability of reinjection wellsin the
Marcellus Shale region gives rise to a completely different set of potential impacts to drinking
water than in areas where reinjection of produced watersis routine.

Potential impacts to drinking water may be the result of hydraulic fracturing or the result of the
manner in which it isimplemented. Identifying potential impacts to drinking water resources
that are associated with failure to employ best management practices may not be useful unless
the linkage to those management practicesisidentified. Thisisof particular concernin
retrospective case studiesin that it may not be possible to separate risks associated with
management practices from risks of hydraulic fracturing.

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 al 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 apreliminary manner. Thisis particularly true for case studies
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and evaluations of current practicesin 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 issueisthat EPA needsto view the environmental concerns and issues
in the context of the local community, and that at-a-potential outcomes should be identified by
EPA for environmental justice issues. Concerns such as environmental justice and the effects of
hydraulic fracturing on disproportionately impacted communities should be an explicit research
question. The SAB recommends that potential environmental justice concerns associated with
hydraulic fracturing should be identified and characterized as part of the current study and that
this should be explicitly recognized in the research questions. The SAB recommends that a
separate section of the research plan be devoted explicitly to environmental justice issues.

Another key component is the need to assess the impact of hydraulic fracturing in context with
other environmental challenges that might be faced by the community to devel op a sense of the
cumulativeimpact. [Delete paragraph break? Next paragraph logical follows this sentence.]

The Study Plan should address the cumul ative consegquences of carrying out multiple HF
operations in asingle 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
cumul ative impacts should be established. Thiswill 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 focusis on hydraulic
fracturing in shale gas production, conventional natura gas production, coa bed methane
production, or other types of hydraulic fracturing activity. [Insert line break.]

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
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
isthe potential relationship between these wells and hydraulic fracturing activities both on the
surface and below ground?
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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 aso, more importantly, “\Wwhat
are the environmental flow requirements?.” Minimum flows and environmental flows are quite
different concepts. Also, these flow requirements should be determined based on hydrological
processes in the region where hydraulic fracturing is being practiced.

The Study Plan aso emphasizes the relationship between water acquisition (related to
availability) and water quality. Additiona questions should relate this relationship to different
sources of water. For example: How different will impacts of water withdrawal be on different
water sources, e.g., different stream types (perennia and intermittent) and \Iak%, and their water
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. Thisis an areawhere the cumulative
impacts of well field devel opment as opposed to single well impacts will beimportant. 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 areais 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. Thetotal quantities and physical and chemical properties can aso
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
of chemical congtituents. SAB recommends that EPA explicitly recognize this problemin 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 thisneed. For example:
Have different practices for chemical mixing resulted in different frequencies of spills and
different volumes of spills when they occur?

WEéll injection
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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 failuresin construction will lead to subsequent
problems during operations. Well construction (and subsequent post-use closure) could be
considered another life-cycle stage for hydraulic fracturing so that the potential impactsto
drinking water resources could be addressed by specific research questions. Since subseguent
well-bore failureislikely 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 al the way to the surface, should aso beincluded. For example:
What have been the management practices relative to cementing casings and what has been the
history of failure of different practices? Refracturing aformation may put additional stresses on
awell, particularly if refracturing is conducted years after initial construction. It may not be
possible to address thisin the proposed study, but any existing evidence of this problem asa
possible mechanism for drinking water impacts should be reviewed.

The remaining secondary questions are appropriate for the well injection and operation portion
of thelife 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. Asindicated
previously, placing these quantitiesin 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
histerieal-wells. A secondary question is recommended that explicitly recognizes the need to
place results in the context of the local geology and history. For example: What is the
relationship between well injection depths and impacts of injection fluids and local geology and
historic use of the geology and hydrology as evidenced by unplugged wells‘?T

Since hydraulic fracturing occurs in the deep subsurface environment where it is difficult to
assess effects on ground water resources, the operation and injection life cycle of ahydraulic
fracturing well has significant uncertainties. Thislifecycle analysisisacritica component of the
proposed study.

Flowback and produced water

The SAB bedlieves that the draft Study Plan’s secondary questionsin this lifecycle stage correctly
emphasize the importance of the composition of the flowback and produced water and its
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variability. How the composition of the flowback and produced water may vary as a function of
management practices and local geology isimportant 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 “Wwhat 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 rel eases of
flowback or produced water, as well as management practices that reduce their likelihood or
mitigate their impact. 1t 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 wellsin the Marcellus Shae
area creates substantially greater concern for wastewater treatment practicesin thisarea. 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 geologica formations where hydraulic fracturing
is practiced?

Specific issues associated with wastewater treatment are not currently identified in the secondary
guestions. Inorganic species such as salinity and bromide, and radioactive produced water (e.g.,
from Marcellus shae), for which conventional wastewater treatment 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 contaminants of concern. For example: What is the potential for
inorganic species such as salinity and bromide, as well as radioactivity from produced water, for
which conventional wastewater treatment is largely ineffective, to enter drinking water resources
downstream from water and wastewater treatment facilities?
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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

The SAB believes that EPA is taking on an enormous challenge with limited budget and within a
limited time frame. EPA should conduct awell-focused study so that critical research questions
areidentified, approaches are designed that will enable answering those questions, and analysis
isincluded to validate the conclusions that are reached. At the sametime, 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 flowsin the surrounding natural
hydrologica cycle.

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 (see 3.2 above). 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 eva uations 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 datato
provide detailed information about the extent of fracturing and to assist in the hydraulic
fracturing modeling (see discussion under Charge Question 4c).

The SAB aso believes that the Study Plan provided limited detail on anticipated data 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 analysis methods rather than devel oping 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 isimperative 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
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provide useful data, EPA should classify the dataas such. The SAB aso 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 anaysis.
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 aso limit the quality of the research product. The SAB believes
thereis significant value to the synthesis of existing data, and that EPA should review all
available data sources to learn from what is aready 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 trendsin 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 asignificant EPA rolein 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
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.
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The SAB believesit is uncertain whether useful case study results could be achieved within the
budget and schedule limitations. It isnot 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
geologica and hydrological regimes wheredrilling is active or anticipated. Thereis 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 datafor the research
project, and whether a statistically acceptable number of case studies could be undertaken to
meet the research objectives, as well as consider issues of environmental justice. 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 arein 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 |east 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 thisis alocation 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 studiesdie-do not have clearly defined boundaries.

For example, it iswas unclear if waste disposal willweutd be incorporated in the case studies.
The SAB recommends afull 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 iswas provided to assess the suitability of the 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 isaas value in each.
While the difficulties of completing both case study formats within the limited 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
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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 ng 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 along view, and consider what
kind of datawill be desired in ten yearsin 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 agiven situation would
lead to nondetectable levels of contamination, then monitoring for contaminantsin that setting
would waste precvious resources. If scenario modeling shows that ground water contamination
would occur only after along 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 potentia for contamination occurs only during “ start
up” operationsin agiven 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
potential effects of water acquisition on drinking water quality are not included in scenario
evaluation. Sincethat potential effect is aso 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 evauate scenarios be used across al research questions identified. Further, the SAB notesthe
centra role that modeling studies play in designing monitoring, laboratory work and even what
is addressed in the case studies. Scenario evauation can be aunifying driver for the study by
integrating the different approaches to focus on akey 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 datais
available and better articulate applicability of the new datato 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 datawill be even more critical to answer
the research questions identified. The SAB recommends EPA more carefully consider the nature
and extent of existing datain thisfield, 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 ("environmenta") flows, (2) data on existing
well technologies, and (3) data on existing disposal technologies.

Field and L aboratory Methods

Overal the draft Study Plan inadequately describesd the field and laboratory methods that
willweutd be utilized and thus providesd insufficient information to allow full evaluation by the
SAB. Field monitoring isaas not well described, and the laboratory scal e experimentation and
analysis was only briefly described in the draft Study Plan. The modeling components doelid not
fully addressexptain the physical mechanisms that could be encountered, such as density-
dependent flows thermal ly-induced flows, and surfac(,l water—groundwater mteractlons }Ln

[ Comment [s8]: Two sentences repeated.

addltlon the |ncI usion of anecessary probablllty framework iswas unclear The use of isotopic
analysis isaas mentioned for both gas and water analysis but the SAB believes that more detail
is needed to assess this approach. It isaas unclear to the SAB if the tools that will be used
provide sufficient datafor atoxicological review or for an analysis of cumulative or synergistic
effects for chemicals determined to have a high potential for exposure. Method devel opment
iswas mentioned a number of times, but the SAB concludes that there is insufficient time or
resources to devel op new 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 al fracturing fluids to narrow the analytical focus.

3.3.3. Additional Literature
Additiond 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:
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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

A majority of the Panel recommended that the definition of “drinking water resources’ related to
hydraulic fracturing activities should be broadened to includebe more than just waters with less
than 10,000 mg/L of tetal-dissohved-selidsTDS, given recent advances in membrane desalination
and likely changes in perspectives of what constitutes potential drinking water sourcesin the
future. This recommendation refers to the technical subject of desalination in general and issues
involving ground water resources and reuse of water resources. Some Panel members raised
concerns that definitions of drinking water resources are often handled differently by the states,
and that addressing thisissue may be beyond the scope of the study.

The SAB recommends that the draft Study Plan include an additional desired research outcome
to collect baseline datain a given area as part of a prospective case study before HF activity
begins, so that significant changesin water availability or water quality caused by HF activity
can be more readily documented. One outcome of this effort isidentification 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 criteriathat could be used in the future to indicate situations where awater 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
congtituentsin HF-impacted waters to form disinfection by-products (including trihalomethanes,
hal oacetic 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
drinking water quality. The SAB recommends that EPA includein its analysis potential impacts
on water quality that do not involve MCL exceedances. EPA should also examine trendsin
water quality associated with HF water acquisition and determine whether adverse impacts will
result if these trends continue.
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The SAB has anumber 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.

3.4.2. Specific Comments

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 isreasonableto 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. Furthermore, some relatively saline aquifers
could potentially be used for future “aquifer storage and recovery” operations, and it islikely
that state and federal regulatory agencies will take measures to prevent them from being polluted
in the years ahead. The SAB recommends that EPA reconsider this definition, given recent
advances in membrane desalination and current and future water shortages in many parts of the
U.S., and determine whether it is still an appropriate definition to use.

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 resourcesto hire
experts to prove that their water resources have been adversely impacted. This problemis
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 isimpacted. The SAB alse
recommends that the draft Study Plan include an additional desired research outcome to develop
arecommended protocol for collecting baseline datain 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 alist 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.

EPA’slist 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, atoxic
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.g., chlorine demand) when
present in a public water supply; 2) anmonium, a compound naturally present in many aluvial
aquifers and some deeper formation that exerts alarge chlorine demand and is a so toxic to many
aquatic organisms; 3) radon, aradioactive 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-products, including trihalomethanes, hal oacetic acids, and
other halogenated organic compounds.
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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, changesin 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. Anincreasein
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 considerabley economic loss to a community

even if the secondary MCL for tetal-dissolved-solids{TDS) of 500 mg/L is not exceeded.

| Comment [s9]: already defined.

Therefore, the SAB recommends that EPA includein 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, e.g., if HF water acquisition activities continue to increase in the area up to the
maximum level that can be reasonably expected.
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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

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 atimely manner. SAB
recommends that EPA also gather HF fluid composition data from state(s) collecting such data,
and consider therole that recycling and reuse of HF fluids will play in influencing both quantity
and composition of HF fluids.

Given the limited 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 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
water.

Whileit would be helpful if EPA developed indicators of potential contamination, it may be
difficult to achieve a practical indicator approach within the time alotted for the current study.
The SAB aso 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 a one 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.
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The SAB has anumber 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 believesthat EPA’s planned effort to gather data from nine hydraulic
fracturing service companiesis an approach that is likely to answer the question on composition
of HF fluids, provided the companies cooperate and supply the information in atimely 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. Thelevel of detail requested should provide the EPA
with data adequate to answer the question. The SAB notes that afew states are collecting
relevant data either as a requirement of permitting (e.g., Wyoming) or on avoluntary basis (e.g.,
Pennsylvania) that can be of useto 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
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 devel opment 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 afirst order hazard assessment for the components of HF fluids iswas
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
toxicity testing.

The SAB finds the development of potential chemical indicators of contamination an appealing
approach. The consensus of the SAB isthat it may be difficult to achieve a practical indicator
approach within the time allotted for the study. The EPA can likely develop alist 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 a so suggests that development of analytical methods for specific components for
which there are no existing certified methods should be given alow priority. The EPA should
focus on existing methods for the near term effort and develop alist of priorities for future
efforts based on the first order hazard assessment.
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In addition, the Ground Water Protection Council (GWPC) and the Interstate Oil and Gas
Compact Commission (IOGCC), with funding support from the U.S. Department of Energy
(DOE), unveiled aweb-bhased national registry on April 11, 2011 disclosing the chemical
additives used in the hydraulic fracturing process on awell-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-regul ators-access-to-informati on-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 potentia 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 alist
of the knowledge gaps about factors influencing the contamination of drinking water for future
research efforts. The SAB is concerned that severa factorswill be site specific and difficult to
generalize across the range of geographical areasthat are involved in HF activities. The SAB
suggests that the EPA will need afull understanding of all the activitiesinvolved such asthe
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-enly-provide
Hnsight-ito-best-management-practices-that-arewill not necessarily be used at other sitesin-use-at
the-averagesite. The number of retrospective and prospective case studies that can be evaluated
in the given time will be limited.

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

The SAB expresses concern that the prospective case studies alone may not provide adequate
answers for this question. The partnersinvolved in the prospective case studies will likely
follow best management practices and take extra precautions, therefore, these limited number of
case studies may not provide answers about the management practices to mitigate impacts to
drinking water resources at amore 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.
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3.6. Proposed Research Activities - Well I njection

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

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 resourcesis
scientifically adequate. The SAB believesit 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 awide
variety of sources available to EPA in order to increase the success of the research program. The
SAB provides anumber of specific suggestions for focusing EPA’ s fundamental and secondary
research questions associated with thistopic 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.

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.

3.6.2. Specific Comments

Fundamental Research Question

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?’
Addressing the fundamental question involves establishing different degrees of risk - from
catastrophic (e.g., earthquakes) to manageable risk. There are different risks dependent on
different geologic and hydrogeologic conditions requiring a prioritization of research to be
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
encompassing, the research will aid in addressing the fundamental research question pertaining
to possible impacts.

As astarting point, the SAB recognizes that there are three escape mechanisms for contaminants
| that might affect drinking water: escape through the well, through the cementing-practice
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surrounding the well, and as a results ofthreugh various steps of the hydraulic fracturing process
itself. The consensus of the Panel is that well drilling and cementing practices be researched
separately from the hydraulic fracturing processitself. In doing so, the SAB believesit is
essential that EPA prioritize the research to address the fundamental question of the potential
influence of the hydraulic fracturing process on drinking water resources and contamination of
aquifers given the charge to the EPA from Congress, and given the limited time frame allocated
to this study.

Asdiscussed in Section 3.7 of this Report, SAB recommends that the handling of the flowback
and produced water be provided first priority for exposure assessments. However, since
groundwater can potentialy be contaminated by HF in a number of ways (including |eakage
from storage, |eakage from the injection wells, leakoff during hydrofracking potentially along
faults or up abandoned wells, and seepage into the ground if used for irrigation), a strong
secondary emphasis should be placed on assessing exposures through potential groundwater
contamination. The SAB also recognizes that while discharges to surface water tend to be
transient, groundwater contamination is 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 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.

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 and cementing practices (i.e., well bore integrity during
construction) versus well integrity during the fracturing processitself. Regulatory agenciesin
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 datawill be * spotty’,
however, and may vary from state to state. The vaue of ‘mining’ such data may bein 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.
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EPA should revise the Study Plan to define the data that would be collected to assess well failure
and to relate relevant factorsinto arisk assessment model. The 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 wellsto 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, stressesin
the subsurface, the fluids used in the process, and the interaction with the rock and fluidsin 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 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. Treating end members within arisk 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 criteriafor establishing risk.

Finally, EPA should 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 aress 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 hydrogeol ogic characterization is necessary, but
notes thisis adifficult task to undertake especialy within the limited budget and time for the
study. The SAB recommends that EPA’ s first step should be to focus on specific areas where
the most compl ete data on these topics are available. The SAB also suggests that EPA use the
resources of other governmental agencies such asthe 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 sitesto 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
isaso 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.

37



O©CO~NOOUIA~WNPE

5/18/11 Draft discussion text for further deliberations of the SAB Hydraulic Fracturing Study Plan Review Panel --
Please Do not Cite or Quote --This draft isawork in progress, does not reflect consensus advice or
recommendations, has not been reviewed or approved by the chartered SAB and does not represent EPA poalicy.

The SAB believes that amajor concern to be addressed is the presence of faultsin the
subsurface. Not all faults are transmissive in nature, and numerous studies have documented
faults as seals or sealing faults. The SAB notes that akey concern is what happens when thereis
injection near afault. Generally, it isindustry 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
happensif ahydraulic fracture is conducted near afault. 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 with 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 arelatively short time;
liquids will take longer to move than gases. Different fluids create different potential problems
and avariety of scenarios needsto 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 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, identifiable, 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, avery
short time period for mobilization can occur. Inlow permeability formations, however, it may
take considerable time for pressure to abate. Fluid flow in these low permeability reservoirsis
non-Darcy flow involving diffusion. Upon production, pressure drawdown occurs and fractures
close over time.

In addition, abandoned wells and mines are potentia 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?
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The SAB recommends that EPA conduct 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 chemical s within formations
and whether this interaction increases the potential for contamination of water resourcesin a
given area. Thisdisclosure would aid in the determination of risk factors and assist the
development of arisk 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 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 happensin thefield. 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
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?

The SAB believes that EPA’s proposed research activities may answer the question about the
known toxic effects of naturally occurring substances. EPA is proposing to compile existing
toxicity information and use structure activity relationships and predictive toxicology tools to
estimate hazards for substances with little or no data. The SAB cautions EPA on spending
resources on predicting the toxicities of substances if those toxicities are unknown, unless EPA
knows that the probability of exposure to a particular substanceis high. The SAB also notes that
Table5isfairly general and does not include radon or alkanes 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 Relationship data, SAR).

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 substancesislikely, this activity is worthwhile. If exposure to specific
substancesis extremely unlikely, this activity should not be undertaken or should have alow
priority.

Two other potential products of this research activity are to prioritize alist of chemicals
requiring further toxicity study and to develop Provisional Peer-Reviewed Toxicity Vaues
(PPRTVs) for chemicals of concern. The SAB also recommends that these activities have alow
priority if exposure to asubstanceis not likely and/or levels of exposure are minimal (e.g., parts
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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.

The SAB aso recommends that EPA consider hazard broadly and include risks that these
substances may have (explosions) that are not dueto toxicity. EPA should aso acknowledge

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

2)

3)

4)

5)

Conduct hydraulic fracturing studiesin areas that are highly stressed (e.g., shale formations)
which when unloaded, may have the potentia to fracture. Stresses should be measured and
quantified at certain sites. Modeling studies could be incorporated to address various
scenarios. Studies should include worst case scenarios and catastrophic failures such as the
creation of earthquakes.

Identify 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 avariety 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.

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 regi mes.

Review Tables 5, D2 (needs to be included in section 6.3.5), and D3 for completeness (e.g.,
radon is not included). Toxicity studies, if exposureislikely, may need to be undertaken.

EPA should consider using predictive toxicology tools as away to identify possible
problematic constituents of various HF fluids. This activity may be carried out separately
from activities associated with EPA’s Study Plan so as not to affect the timeliness and
completeness of EPA’s Study Plan.
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3.7. Proposed Resear ch 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

The SAB believes that the handling of the flowback and produced water represents the most
likely important route of exposure and potential for adverse impacts on drinking water resources
from the development of unconventional gas resources on anationa level. 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 other water used during the hydraulic
fracturing process. While SAB recommends that the handling of the flowback and produced
water be provided first priority for exposure assessments, since groundwater can potentially be
contaminated by HF in a number of ways (including |eakage from storage, leakage from the
injection wells, leakoff during hydrofracking potentially along faults or up abandoned wells, and
seepage into the ground if used for irrigation), a strong secondary emphasis should be placed on
assessing exposures through potential groundwater contamination.

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 pointsin
time and from carefully selected locations, including the ongoing studies on the quality of
surface watersin 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 arisk 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 the primary opportunity for
human health exposure is likely to be through surface waters, and recommends that EPA’s first
order human health exposure assessment focus on surface water management of flowback and
produced waters. The SAB recommends that EPA not conduct toxicity testing at thistime.

The SAB has anumber 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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3.7.2. Specific Comments

The SAB suggests the handling of the flowback and produced water represents the most likely
important route of exposure and potential for adverse environmental impacts from the
development of unconventional gas resources on anational level. Thisisparticularly truein
situations where Class |1 Underground Injection Control (UIC) wells are not the main disposal
alternative. A lifecycle approach is an important component of this study, and thislifecycle
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 define and differentiate flowback and produced water,
and clearly distinguish such waters from other water used during the hydraulic fracturing
process. It isdifficult to distinguish between flowback and produced water. Several Panel
members suggested to categorize flowback and produced water as post-fracturing produced
water. After hydraulic fracturing occurs, brine 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 al so mixed with in-situ or “connate” water. Asflow 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 theinjected liquids
while other wells easily recover 70% of the injected liquids.

The SAB recommends that EPA consider the use of arisk 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 arisk 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, itis
expected that the main outcomes of this study would be |ess deterministic and more probabilistic
in nature. The SAB recommends that EPA focus on potential human exposure, followed by
hazard identification if sufficient time and resources are available. The SAB emphasized that the
primary opportunity for human health exposureislikely to be through surface waters, and
recommends that EPA’ s first order human health exposure assessment focus on surface water
management of flowback and produced waters. The SAB suggests that there is no need to
conduct toxicity testing at thistime.

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 pointsin 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
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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; thereis 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 hnumber 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 Fetat
Dissolved-SolidsTDS) vs. lower quality waters.

o 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 respondersin the case of spills and leaks and to
devel op necessary management (treatment) approaches as a function of ultimate disposal
alternatives.

e Consider normal industrial practices at coa bed methane hydraulic fracturing facilities.
These facilities have documented best management approaches for produced waters, and
also haveidentified boundaries for use of and expectations associated with produced
water quality and hazard scenarios and spills.

e Assessindustry 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.

e The SAB suggests that identification of potential for leaks and spills during storage and
transport should be based on documented eventsin 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.

e Assess potential adverse environmental impacts associated with buried pits and

impoundments through evaluating the quality of soils and groundwater near such
structures.
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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.
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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

Hydraulic fracturing return flows contain many constituents that are similar to those for which
treatment technol ogies 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
wastewater treatment operations and pre-treatment operations for hydraulic fracturing return
flows. Only alimited 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-sshids{FBS)TDS, natura organic matter (NOM), bromide, and
radioactive species, rather than on characterizing those effects. In addition, EPA should assess
the need for any specia storage, handling, management, or disposal controls for solid residuals
after treatment. EPA should also consider industrial practices in which the hydraulic fracturing
return flows have been used for irrigation.

The SAB has anumber 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, “What is the appropriate
treatment of hydraulic fracturing (HF) wastewater, and how does the-hydraulic fracturing
wastewater affect treatment plants (both water and wastewater)?’ The issue at hand is whether
inadequate treatment is common, as well as the consequences.

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, athorough literature review should be conducted to match treatability studies
and treatment technologies that are currently being used to treat HF wastewater to hydraulic

45



O©CO~NOOUTA~,WNPE

5/18/11 Draft discussion text for further deliberations of the SAB Hydraulic Fracturing Study Plan Review Panel --
Please Do not Cite or Quote --This draft isawork in progress, does not reflect consensus advice or
recommendations, has not been reviewed or approved by the chartered SAB and does not represent EPA poalicy.

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, 0Operation and& miaintenance) at different stages of the life-cycle need
documentation.

Few POTW:s 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
topic should focus on industry management practices that can minimize the adverse effects,

rather than on characterizing those effects or the thresholds at which they become significant. " Comment [s10]: Yes. Thisstatement is OK.
All POTWs that now accept hydraulic fracturing return flows should be included in the B R
retrospective studies in the assessment of the impacts of TDS. Similarly, the effects of increased | treatment systems, example.

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 aready been well
characterized.

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 (POTWs
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 contaminantsin
hydraulic fracturing return flows are identified as posing a significant risk to adrinking water
supply source, then pre-treatment options for those contaminants should be investigated. Also,
POTW life cycle costsin light of this new stream of wastewater should be addressed. Pilot scale
testing objectives arein 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 specia storage, handling,
management, or disposal controls should be assessed. The EPA retrospective studies need to
investigate thisissue. In statesthat allow land application of POTW residuals, thereisalarge
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.
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EPA should aso consider industria practices where the hydraulic fracturing return flows have
been used for irrigation.

The draft Study Plan should address the cumulative consequences of carrying out multiple HF
operations in asingle watershed or region—-heweverthis. Thisisan important line of inquiry
(the watershed scale) recommended by the SAB. Examples of such consequencesinclude
causing awater 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, |akes) that the Clean Water Act requires al states to submit for EPA approval. The
SAB notes that an important impact of the cumulative HF wastewater dischargesin aregion
might be missed if the focusis entirely on discharges from individual developments. Thisis
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, |akes, streams) to accommodate hydraulic
fracturing treated wastewaters?-?"; or-"Is this the best expenditure of ecosystem services?’;
and;-ex; “Isthis 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 proposal.
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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

The two charge sub-questions are inherently very broad, primarily because of the heterogeneity
of hydraulic fracturing operations. For example, the potentia ‘key impacts' of hydraulic
fracturing are likely to depend strongly on local geological and hydrological conditions, and the
magnitude of those impactsis 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
particularly helpful) response to the charge question is: “~Yes’ at some sites and under certain
conditions, and “No” at other sites 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 aresponse to the charge question for each of the corresponding contingencies, the SAB
believes that such an approach would lead to alarge 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
islikely 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 outcomeis contingent on local
conditions and therefore cannot be assessed for &l sitesin alimited 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 eval uation.

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 potentia 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.
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The SAB also suggests that EPA include an additional likely outcome of the research project: the
generation of new research ideas for reducing the potential adverse effects of HF activities (for
example, ways to reduce water usage, identify BMPs, ander develop ‘ greener’ HF additives).
3.9.2. Specific Comments

Potential Research Outcomes. Water Acguisition (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 withdrawal s 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 6.1ato 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 aready occurred, and most of the possible impacts
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 withdrawal s 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
water withdrawals will be accomplished at HF sites that are carefully characterized in case
studies, and the potentia for extrapolation of the findings to other siteswill be limited due to the
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unique site-specific ecological and devel opmenta 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 resourcesto withdrawal of large volumes of water. 1t 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 isunclear whether simply identifying the metrics represents a valuable outcome.

d) It isunclear 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 toolsto prioritize data gaps and identify
chemicals for further assessment.

¢) ldentify 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.

€) Assess current management practices related to on-site chemical storage and mixing.

SAB's response to these outcomesiis as follows:

a) SAB believes that Potential Outcome 6.2ais 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, aswell as any similar efforts undertaken by other states, federal, or non-governmental
agencies.
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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 QSARs for those additives with a
high potential for exposure) should be made to estimate toxicity of HF additives for which there
isno pre-existing toxicity data. The review of existing data and of the QSARs should be used to
identify chemicals for further assessment.

¢) Thelogica 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 microbia 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 can serve as an indicator
of HF fluids, no research is needed to choose the specific indicator (either chloride or TDSis
likely to be as good as any other choice), and no methods development isrequired. 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
fluidsin 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 devel op analytical methods for those chemicals can be undertaken subsequently.

It should be noted that, if achemical that is present in the formation water (e.g., chloride) is
chosen asthe indicator and is found at elevated concentrationsin a nearby water resource, the
possibility can be raised that the concentration increase would have occurred even in the absence
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, thisissue 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 sel ected.
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., thisoutcomeis a
worthy goal, but it might not be achieved).

d) Thereis 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
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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 hydrogeologica conditions
and are often costly to conduct. The SAB believes that a general question about “the likelihood
that surface spillswill 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.

€) 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.

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, aswell 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.

€) Develop analytical methods for detecting chemicals associated with hydraulic fracturing
events.
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SAB's response to these outcomes is as follows:

a) Outcome 6.3ais achievable if thorough historical data on well failures are provided by the HF
service companies and if EPA determines the number of hydraulic fracturing wells. 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. Asaresult, 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.

As currently phrased, the claimed potential outcome is excessively broad and is unlikely to be
achieved in away that is of significant practical value. For example, the presence of many pre-
existing interconnected fracturesis likely to facilitate interaction of existing pathways with
hydraulic fractures, but that conclusion isintuitive. 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 aresult 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 changein TDS.
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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 ssimply reflects atime lag between theinitiation 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 aworthwhile effort, but
that it might have to be continued substantially beyond the end of theinitial research before the
outcome can be established with reasonabl e confidence.

d) Potential Outcome 6.3d is written in away that suggests that the identity, mobility, fate, and
toxicity of al potentially significant contaminants will be determined as part of the project, and
that outcomeis clearly not achievable. As noted elsewherein thisreport, the SAB recommends
that no toxicity testing be carried out as part of the current research. 1f 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 potentia 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.

€) The SAB does not believe that devel oping new analytical methods for detecting and
quantifying HF additivesis an achievable goal for the current research program, given the
constraints of time and funding.

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.

c) Provide aprioritized 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.

€) Evaluate risks posed to drinking water resources by current methods for on-site management
of wastes produced by hydraulic fracturing.
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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 componentsis achievable as part of the research, and the SAB believes that
successful completion of thisstep iscritical. The SAB wishesto reiterateits 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 analytica
methods for detecting components of the flowback and produced water.

¢) The SAB believesthat preparation of aprioritized 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 potentia 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 contaminantsin the
spillage, and the details of the potentia pathways from the site of the spill to the water resource.
Therefore, thislikelihood 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 isinterpreted literally, it cannot be achieved. The SAB recommends that EPA
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 spillswill lead to significant
contamination of drinking water resources, when the procedures are applied to specific spill
scenarios in specific hydrogeologic settings.

€) The data that the EPA anticipates collecting with regard to on-site management of HF wastes
are vague. Thedraft plan indicates the datawill 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 waysin which wastewater is
transported for treatment or disposal” suggest that the research will, at best, generate alist of
some management (and probably some mismanagement) practices. However, it isdifficult to
see how such datawill be translated into auseful, 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:
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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 outcomesis 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. 1t 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 acommunity 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. Itisnot 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.

Theinorganic congtituents in HF wastes can be removed from the solution only by desalination
processes such as reverse osmosis, and the effectiveness of these processesisrelatively well-
established. Some of the organic constituents of HF wastes might be removed by
biodegradation, volatilization, or adsorption, but few studies have attempted to track these
compounds as they pass through a treatment plant, and the feasibility of doing so is complicated
by the low concentrations of those compoundsthat are expected to be present once the HF fluids
have been diluted by other influents to the plant.

The effects of the mgjor 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 6.5ais 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.
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The outcome might be achieved in a scenario where the HF wastes account for the majority of
the influent to the trestment 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 isreferring primarily to the effects that components of HF wastewaters might have on
drinking water quality (e.g., TDSin 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 potentia outcome is written as though awide (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

bal ance cal culations with existing literature on DBP formation and corrosion. The SAB's
assessment isthat 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’'sCHARGE TO THE PANEL

UNITED STATESENVIRONMENTAL 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 isto identify research activities that will answer the following questions:

e Can hydraulic fracturing impact drinking water resources?
e |f s0, 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. InitsFiscal 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,
specificaly:

“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
carrying out the study, which should be prepared in accordance with the Agency's
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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 initia 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) fiveto
ten in-depth case studies be conducted at “locations selected to represent the full range of
regiona variability of hydraulic fracturing across the nation”; and (3) engagement with
stakeholders occur throughout the research process.

Following the receipt of the SAB commentsin June 2010, EPA devel oped 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 activitiesin each of these stages may impact drinking water resources. EPA hasidentified
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 material s 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.

2http://yosemite.epa.gov/sab/sabproduct.nsf/0/3B 745430D 624ED3B852576D400514B 76/$Fil e/ Hydrauli c%20Frac
%20Scoping%20D 0c%20f or%20SA B-3-22-10%20Final.pdf

3http://yosemite.epa.gov/sab/sabproduct.nsf/0/CCO9D E2B8B 47557185257 74D 0044F929/$Fil e/ EPA -SA B-10-009-
unsigned.pdf
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5/18/11 Draft discussion text for further deliberations of the SAB Hydraulic Fracturing Study Plan Review Panel --

Please Do not Cite or Quote --This draft isawork in progress, does not reflect consensus advice or

recommendations, has not been reviewed or approved by the chartered SAB and does not represent EPA poalicy.

Chargetothe 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 Usein Hydraulic Fracturing

EPA has used the water lifecycle shown in Figure 7 to characterize hydraulic fracturing
and to identify the potentia 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?

Resear ch Questions

EPA hasidentified both fundamental and secondary research questionsin 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?

Resear ch 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 additiond key literature that should be included to ensure a
comprehensive understanding of the trends in the hydraulic fracturing process.

Proposed Resear ch 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.

Resear ch 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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